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Abstract: Waterfront resources are an important support system for the social and economic devel-
opment within the region along the Yangtze River. Container ports are an important component
of the Yangtze River port system, as well as for the growth point of waterfront utilization. Based
on the summary of remote sensing images and relevant data, this paper calculates the waterfront
utilization of the container ports along the Yangtze River in the Yangtze River Delta (YRD), analyzes
the waterfront organization pattern and change characteristics, and puts forward the enlightenment
and countermeasures for the sustainable development of the port waterfronts. Extending the study
of port resources from coastal areas to inland areas is an academic contribution of this paper. At
the same time, it has practical significance for the high-quality development of port and shipping
and the development and protection of land resources along the Yangtze River. In the YRD, the
waterfront utilization of container ports has increased along the Yangtze River, showing a decrease
from downstream to upwards, and it has formed dense zones attached to the central cities and
major manufacturing bases. The ports with higher length of waterfront are mostly located in the
shipping central cities and the Yangtze River estuary. The development direction of container ports
is large-scale and specialized. The utilization of the container port waterfront is approaching the
periphery of the city and areas with convenient transportation. The utilization of container port
shorelines will be close to the periphery of the city and convenient transportation areas. The container
port waterfronts occupy the ecological reserve, and the conflicts are expanding with the development
of shipping, mainly distributed in the Yangtze River estuary. Based on the empirical analysis, this
paper puts forward four enlightenments. First, the exploitation and utilization of the port waterfront
has experienced multiple stages of “exploitation—conflict—mitigation”. With the transformation of
productive waterfront utilization, the pattern of sustainable development along the Yangtze River
has changed. Secondly, the conflict between waterfront utilization and protection is inevitable. Addi-
tionally, it is necessary to face up to the temporary rapid rise of encroachment on the reserve. Third,
through the horizontal coordination of the port system along the river, the original focus on the hub
cities will be transferred to the comprehensive consideration of the port cities in the whole region,
and the waterfront load of different types of container ports can be balanced. Fourth, the Yangtze
River Delta integration mechanism can solve the barriers between higher and lower levels or between
different departments and cities.

Keywords: waterfront utilization; container port; port system; Yangtze River

1. Introduction

Ports are gateways for countries and regions to access international trade, and more
than 90% of goods in transnational transportation are transported by shipping. As the
global trading system changes and the vertical integration of production and distribution
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continues to improve, the form of international trade has shifted from traditional cargo
transportation to cross-border flow and allocation of multiple production factors, such
as capital, technology, information, and talent. By participating in global production and
circulation, the scale and function of the port system have changed, resulting in new freight
modes and port divisions [1,2]. Ports are not only transshipment sites for transporting
goods between land and water, but they are also important nodes in the global logistics
system where a large number of derivative services gather [3,4]. By establishing a unified
transportation and service network between countries and regions [5,6], nowadays, the
global supply chain based on ports is seen as an undeniable force in changing the world
political and economic order [7]. In this process, the widespread use of containers has
driven suppliers to use standardized modules for transportation [8,9]. After the 1980s, new
container ports have been built, or existing ports have been renovated around the world to
enable them to operate containers, gradually forming a multi-level container port system
covering all regions of the world [10,11].

As the intersection and overlap between ports and hinterlands intensify, inland water-
way transport generates more economic activities, and it stimulates the agglomeration of
derivative services through the contact advantage of multiple inland nodes. A new stage
of regionalization has emerged in the evolution of the port system [12], with the starting
point of container shipping extending from coastal areas to inland areas [13,14]. Coastal
and inland transportation networks jointly drive the evolution of port systems [15,16]. As
the inland transportation service system becomes complex and the proportion of inland
logistics costs in total costs continues to rise [17], the focus of the logistics industry de-
velopment has shifted to inland regions. In this process, container transportation utilizes
its cost advantage of convenient transshipment among various transportation modes to
connect different types of ports along the river [18], promoting the economies of scale and
economies of scope that integrate coastal areas and inland areas. Inland ports change the
regional pattern of single external shipping exports by connecting to container liners and
undertaking hinterland cargo flows [19,20], There are multi-level hub ports in the inland
areas, which has promoted the rapid growth of container ports along the river.

The Yangtze River is an important part of the “T” layout of China’s territorial devel-
opment [21], making it play an important role in the national transportation pattern. By
combining the huge container throughput of seaports, especially Shanghai and Ningbo,
with inland waterway corridors, the layout of transshipment hubs along the river expands
to the hinterland range and achieves logistic accessibility [22,23]. In 2020, the container
freight volume along the Yangtze River accounted for more than 60% of the national inland
rivers. The development of inland waterway transport means the restructuring of the scale
and functions of ports along the Yangtze River, the navigation capacity of the Yangtze
waterway, and the industrial layout along the river, leading to changes in the relationship
between the development and protection of various resources [24-26], and the issue of
sustainable development of ports is becoming important. Resource and environmental
issues may arise when port shipping reaches a certain stage of development [27], which also
caused various stakeholders to gradually move from conflict to collaboration [28]. Through
academic research and practical processes, it is recognized that ecological regulation is
a prerequisite for the construction and operation of logistics infrastructure, which can
effectively reduce negative environmental externalities [29,30].

As a crucial space carrier of port, port construction is inseparable from the waterfront
resource, which is the essential productive factor and most basic component of the port [31],
and it has been used as a potential resource for people and developing for hundreds of
years for its abundant natural resources that support human life and certain industries [32—
34]. For a long time, the waterfront was not mentioned or studied as an independent
resource, but it is contained in a large number of coastal zone studies and the protection
of resources. With the utilization of marine resources and coastal problems, such as
pollution, overexploitation, habitat degradation, and erosion [35-37], integrated coastal
zone management (ICZM) was issued as a response. It was implemented through the US
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Coastal Zone Management Act, which was promulgated in 1972, and coastal management
was given general and worldwide consideration following the publication of UNCED
Agenda 21, adopted at the United Nations Conference on Environment and Development
in 1992 [38,39]. A large and growing proportion of international studies have been made
mainly using the “35” technology for the extraction and precision evaluation of coastline,
the protection and management of waterfronts [40—42], as well as the utilization and
revitalization of urban waterfronts [43,44]. As for China, remarkable achievement has been
made in developing along the coast and the Yangtze River under the “T”-shaped spatial
pattern development policy, making waterfront resources receive ever-higher attention for
the vital role which is played in supporting the development of economic axis, especially
the Yangtze River Economic Belt [45,46]. The waterfront of the Yangtze River becomes
an indispensable part of domestic studies, focusing on the spatial and temporal change,
waterfront evaluation, and resource management.

There has been a long-term trend for cities along coasts and rivers to rely on the port
to proceed communication globally and bring local economic growth and prosperity [47].
As the vital position of ports is pushing forward the national economy and promoting
circulation, the settlement and development of ports are some of the most important socio-
economic activities in coastal and riverside zones [48-50]. The utilization of port waterfronts
has effectively promoted the economic development of cities and areas, which stimulated
the demand of scale expansion, on the contrary, and even promoted the emergence of
new ports in the region. In pursuit of transport efficiency and scale economy, many port
cities decided to add more terminal capacity and explored more waterfront resources
for construction [51], and container ports have become an important support for the
development of economy and foreign trade of port cities due to the particularity of the
container transportation mode [52]. The ever-larger ships [53], growing shipping traffic [54],
and port expansions call for more and more port waterfronts continuously, while the total
amount of which are suitable for port utilization is limited and highlighted constantly for
their scarcity, as well as their notable value; in the meantime, the land-use and land-cover
change in waterfronts can be greatly changed once the port is constructed for the utilization
of waterfront resources as carriers, and a high density of anthropogenic activities and land
use changes can have significant impacts on the dynamics of both the ecosystem services
value and ecosystem functions of the primordial waterfront resource [55-57], while the
effectiveness of anthropic interventions for reducing adverse environmental impacts caused
by port utilization are considered to be a great challenge [58]. Furthermore, since the 2000s,
many initiatives, including “sustainable port”, “ecoport”, and “green port”, have been
proposed due to pressure from sustainability issues, port authorities, and organizations, and
research institutes have actively undertaken efforts to coordinate the relationship between
the development and protection of port waterfront resources. Yet, the studies on the port
waterfront take specific ports as research regions in general, and researchers take port
waterfronts as research subjects, mainly consisting of the evaluation of suitability [59,60],
evaluation of port waterfront utilization patterns [61-63], and valuation [64,65].

Therefore, as the combination and transition zone between water and land, the coastal
and riverside zone are considered among the most exploited, inhabited, and threatened
areas in the world [66,67] due to the geographic location, making its management a chal-
lenge [68]. Effective planning and management are the preconditions for sustainable
development [69]. The waterfront is an important part of coastal and riverside regions and
resources; scientific management can promote whole area development.

With the wide waterway of the Yangtze River, the Yangtze River Delta (YRD) has an
inland port group of the most densely distributed and largest throughputs nationwide.
The 12.5 m deep waterway from Nanjing to the Yangtze estuary is completed, meeting the
navigation requirements of 50,000-ton seagoing vessels. In 2020, except for Shanghai, the
container throughput of inland ports, such as Suzhou, Nantong, Nanjing, and Wuhu, all
exceeded 1 million TEU, and the container throughput of the Yangtze mainstream ports in
the Yangtze River Delta accounted for nearly 80% of the total container throughput of the
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Yangtze mainstream. The rapid development of container shipping began in 2000, and the
revitalization of the “golden waterway” and the development of water transportation have
become important strategies for national transportation development. After 2010, with
the industrial transfer, container transportation has entered more inland areas. In 2015,
the Chinese government stepped up conservation of the Yangtze River and stopped its
over-development. Reasonable development and protection have become the core issues
that various economic activities in the Yangtze River need to explore at present [70]. The
port waterfront is the key area for strict management and control to achieve sustainable
development. Under the above background, it is urgent to carry out investigation and
research on container ports. This paper calculates the waterfront utilization and devel-
opment trend of container ports in the YRD since 2010 by using high-resolution remote
sensing image data and combining relevant information, and it discusses the sustainable
development countermeasures of container ports, with a view of providing case support
for optimizing the Yangtze River port system and improving the ecological environment
protection of the Yangtze River. The first section is the introduction, the second section is
the research preparation, the third section is the analysis of the container port waterfront
patterns, the fourth section is the enlightenment and countermeasures for the sustainable
development of the port waterfront, and the fifth section is the conclusion.

2. Research Preparation
2.1. Research Objectives

This study’s core objectives are as follows. First, this paper selects the ports that
have participated in container shipping since 2010 by combining high-definition remote
sensing images and industrial and commercial information data of port enterprises, and it
collects their geographical location, waterfront utilization, and land area width. Secondly;,
it analyzes the quantity and spatial distribution characteristics of waterfront utilization of
container ports since 2010, the relationship between container port and cities, the changes
of port external traffic convenience, and the occupation of container port waterfront to
ecological reserve. Finally, the paper discusses the enlightenment and countermeasures for
the sustainable development of the Yangtze River container port, explains the utilization
stage of the port waterfront, judges the changes in the exploitation and protection relation-
ship at different stages, analyses the main causes of the increasing of port waterfront, and
puts forward the way to realize the integration of the supply of the container ports and the
sustainable utilization of waterfront resources in the Yangtze River (Figure 1).

Container Port Waterfront Container Port Waterfront
|dentification Utilization Characteristics

High-definition Quantity and Spatial Distribution
GoogleEarth - RS Images Characteristics
" Relationship between
. B E
Dichacha ’ I.ice:ssil:ll:sllsata Container Ports and Cities
_» // Changes of Port External

- Traffic Convenience

Geographical Waterfront = land Area - "
location | Utilizgtion Width Occupation of Container Port

Waterfront to Ecological Reserve

Enlightenment and Countermeasures for the Sustainable Development

of the Container Port Waterfront

Figure 1. Study framework.
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2.2. Methods
2.2.1. Identification of Container Port Waterfront in the Yangtze River

The container port is the general name of the land and water scope of the complete
operation of container arrival, loading and unloading to departure, collection, and dis-
tribution. Firstly, this paper selects the riverside port enterprises whose business scope
includes container operations through the Qichacha (https://www.qcc.com/ accessed on
31 December 2022) enterprise information query system, and it determines the enterprise
location through the industrial and commercial registration address and the latest annual
report address. On this basis, whether the container operation is actually carried out during
the research period is analyzed through high-definition remote sensing images.

In remote sensing images, the port front is a port facility at the junction of land and
water, with ship berths and container cranes, mostly designed in a trestle type. The stack
yard and the marshalling yard are orderly discharge areas for a large number of containers,
with container cranes and on-site transportation vehicles. The freight station also stacks a
large number of containers, but unlike the stack yard and the marshalling yard, the loading
and unloading of machinery in the freight station is mostly small. Some warehouses
are built, and the container stacking is not as neat as the stack yard and the marshalling
yard. The specialized container port has a large and tidy container stacking area and a
large number of container cranes. The general port is also responsible for the operation
of other types of cargo while carrying container transportation. Other cargo can be seen,
except containers.

In this paper, 46 ports are selected. For ports that continuously use the waterfront, if
they are operated by different owners or different types (specialized or general), we identify
them as multiple ports, and the remote sensing image is shown in Figure 2 (sorted from
upstream to downstream).

2.2.2. Estimation of Waterfront Pressure in Container Ports

To estimate the container throughput T,; of container port b in city a, take the container
operation capacity of each port in one city as the same level, and divide the container
throughput of the city according to the proportion of each port to the length of total
container port waterfronts of the city.

Wab
Ty = T —2 1
ab a W, @
where T, is the total port container throughput of city a, w,; is the length of waterfront of
container port b in city a, and w, is the total length of the city’s container port waterfront.

2.3. Data Sources

This paper selects 14 port cities in the Yangtze River Delta, including Shanghai, Suzhou,
Nantong, Wuxi, Taizhou, Changzhou, Yangzhou, Zhenjiang, Nanjing, Maanshan, Wuhu,
Tongling, Chizhou, and Anqing, which have port container operations and liner routes in
the mainstream of the Yangtze River, as seen in the research samples.

The waterfront utilization data were extracted from the high-resolution remote sensing
images of the mainstream of the Yangtze River in 2010, 2014, 2018, and 2022 using the
method of 2.2. Enterprise. Business data come from Qchacha (https://www.qcc.com/), an
official enterprise credit inquiry system registered by the national enterprise credit inquiry
system, which can provide enterprise addresses and business scope. The high-definition
remote sensing image data of the mainstream of the Yangtze River are obtained through
Google Earth Pro. We download and import the data into ArcGIS software for further
operations, collecting the geographical location of container ports, waterfront utilization,
and land area width. Ports where container operations are included in the business scope,
but cannot be reflected in remote sensing images, are not included in the study. The data of
ecological reserves are derived from the General Plan for the Protection and Utilization of
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3. Characteristics and Patterns of Container Port Waterfronts Utilization
3.1. The Length of Container Port Waterfronts Increases, and There Are Dense Areas Attached to
Big Cities

In the Yangtze River Delta, the number of container ports and the utilization of the
waterfronts have increased significantly along the Yangtze River (Figure 3a). The total
length of container port waterfronts has increased from 22.5 km in 2010 to 33.1 km in 2018,
and it decreased to 32.4 km in 2022. The number of container ports has increased from
31 in 2010 to 41 in 2018, and it decreased to 38 in 2022. Due to differences in economic
development and port and shipping infrastructures, the exploitation and utilization of
container port waterfronts are different between provinces and cities. The utilization of
container port waterfronts in Jiangsu is the highest in the YRD, from 12.1 km in 2010 to more
than 20 km in 2018, accounting for more than 60% of the total since 2014. The utilization
of container port waterfronts in Anhui is small, but the growth rate is fast, from 2.5 km in
2010 to 4.9 km in 2022. Even if the average annual growth rate is 5.8%, it is still less than
1/4 of Jiangsu.

At the urban level, the utilization of container port waterfronts is generally decreasing
from downstream to upstream, and it forms a dense zone attached to central cities and
major manufacturing bases (Figure 2) to match the expansion of the global production-sale
network and to serve trade circulation. Shanghai and Suzhou, located in the Yangtze River
estuary, have a large scale of container port waterfronts utilization, of which Suzhou has
continued to grow, and it has surpassed Shanghai. In Shanghai, there are strict restrictions
on the total amount of productive waterfronts and port construction land and the envi-
ronmental protection of the Yangtze River estuary, and the hydrological and geological
suitability of port construction in the estuary areas is poor. It is popular to use Suzhou as a
port of release for Shanghai to alleviate the burden of regional container shipping. A dense
zone of container ports is formed between Shanghai Waigaogiao and Suzhou Changshu
(Sutong Bridge), which is a hub area for international liner docking and river-sea inter-
modal transportation. In the middle of the lower reaches of the Yangtze River, Nanjing
is the shipping center of the lower reaches, and Wuhu is the shipping center of Anhui.
They undertake regional container distribution and intermodal transport functions. The
number of container ports and the scale of waterfront utilization are high, forming another
relatively small, dense zone. Nanjing is the largest container port waterfront utilization,
except Shanghai and Suzhou, reaching 4.5 km in 2018, and the container port waterfronts
utilization in Wuhu has exceeded 3 km in 2022, 1.7 times the total number of other four
port cities along the Yangtze River in Anhui.

Ports with higher waterfronts utilization are mostly located in the shipping center
cities and the lower reaches, mostly in the dense zones (Figure 3b). The waterfront length
of the main container ports in Shanghai, Suzhou (Zhangjiagang, Taicang, Changshu), and
Nanjing, is more than 1000 m. In Anhui, only in Wuhu, there is a trend of large-scale ports.
The demand for Anhui’s own container shipping is low, and the high cost of opening up the
port and the rear land area has a restraining effect. Suzhou Taicang Container Port (Phase I,
II, 11, IV), Shanghai Waigaoqiao Port (Phase I, II, III, and Phase IV, V, V1), Nanjing Longtan
Port (Phase I, 11, 111, IV), and Wuhu Zhujiaqgiao Port (Phase I, II, I1I), which cumulatively
utilize the waterfronts, all exceed 2000 m.
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Yangtze River Delta. (a) the number of container ports and the length of waterfront utilization in
cities, (b) distribution of container port waterfronts.
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3.2. The Development Direction of Container Ports Is Large-Scale and Specialized

Large and specialized container ports can use supporting facilities to improve the
transport efficiency to centralize the cargo receipt and delivery and transform the traditional
port from the extension of the upstream and downstream of the waterfront to the extension
of the rear land area behind the waterfront, so as to realize the intensive use of the waterfront
and reduce the fragmentation of the riverside landscape. The length of the waterfront
used by one port has grown rapidly. The average length has increased from 725.2 m in
2010 to 851.5 m in 2022, and the average width of the land area used has increased from
702.8 m to 772.3 m. Compare the ports according to the three types of using waterfront
below 500 m, 500-1000 m (excluding 1000 m), 1000 m, and above. The proportion of ports
using higher waterfronts continues to increase, and the proportion of ports using 500 m
and above increases by 10%. The number of smaller container ports with waterfronts of less
than 500 m decreased from 13 in 2010 to 12 in 2022. The average width of land area they
use is small. The number of medium-sized ports with waterfronts of 500-1000 m increased
from 12 in 2010 to 19 in 2014, and it decreased to 15 in 2022. The average width of land
area they use is medium. The number of large ports with waterfronts of 1000 m and above
increased from six in 2010 to 11 in 2022. The average width of land area they use is the
largest, with an average of 942.6 m-1149.8 m in four years (Figure 4a).

® New-built ®Remaining ® Withdrawed

10 I I
0

< 500m =500m Specialized port  General port

]

PORT NUMBER

Waterfront Waterfront

446.2-563.0 m
477.3-615.2m

868.0-888.9 m
Land area
Land area

315.4-3432m

459.1-668.6 m

pr—

—_—
944.3-984.5 m 974.1 m

Figure 4. Difference in waterfront length and land area width in different ports. (a) number of
ports with different waterfront length level and average waterfront length and land area width,
(b) number of ports with different port function type and average waterfront length and land area
width, (c¢) number of ports with different port operation states and average waterfront length and
land area width.

The construction cost and site selection requirements of specialized container ports
are high, so some general ports participate. In the early stage, due to the small scale of
container transportation, some port cities did not build specialized ports. The number of
specialized ports increased from 17 in 2010 to 23 in 2018, and it decreased to 22 in 2022. The
number of general ports increased from 14 in 2010 to 18 in 2014 and 2018, and it decreased
to 16 in 2022. The main port areas and public ports in various cities are mostly specialized
ones, while some non-core peripheral ports and cargo owners’ ports are mostly general
ones. The average length of specialized ports is close to 1000 m, between 953.5 m-984.5 m
in four years, and its land area width is used between 868.0 m-886.5 m. Compared with
that, the average length of general ports in 2022 is only 668.6 m, and the land area width is
615.2 m (Figure 4b).

The container ports are divided into new-built, withdrawn, and remaining. The
remaining ports carried out container operations during the study period, the new-built
ports joined the container operations during the study period, and the withdrawn ports are
no longer carrying out container operations during the study period due to various reasons.
The decrease in ports is mainly small, and the increase is mainly large and medium-sized.
After the optimization and adjustment of the port system, eight ports, including four small
and four medium ones, have been removed or changed for container operation, which
cannot meet the modern transportation standards. The average waterfront utilization is
481.0 m, and the average land area width is 386.9 m. Among them, two specialized ports
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are Nantong Langshan Container Port and Shanghai Baoshan Port. There are 15 new-built
ports, including seven small and eight large- or medium-sized ones. The average waterfront
utilization is 663.5 m, and the average land area width is 686.5 m. Among them, there are
seven specialized ports. High-standard construction of specialized ports has become an
important step for cities to develop container shipping, and this is supplemented by some
small and medium-sized ports to improve the availability of transportation and to relieve
the pressure of large port areas. There are 23 remaining ports, including five small ones
and 18 large- or medium-sized ones. The average waterfront utilization is 974.1 m, and the
average land area width is 828.2 m. Some ports can meet the needs of waterway shipping
development and the environmental protection requirements of the Yangtze River. Most of
them are the main port areas of each city, and the waterfront utilization increases gradually
due to the phased planning and construction. Through the reservation, it will be extended
after the upgrading of the logistics services and popularization of containerization. The
Changzhou Luanzhou port increased from 450 m to 1000 m, and the Wuhu Zhujiagiao port
Phase II and III increased from 800 m to 1265 m (Figure 4c).

3.3. The Utilization of Container Port Waterfront Is Approaching the Periphery of the City and
Areas with Convenient Transportation

The development of container ports and the utilization of waterfronts are gradually
moving away from urban areas to expand. During the study period, the average straight-
line distance from the container ports to the city center increased from 16.5 km to 19.4
km, the average driving distance increased from 21.8 km to 25.7 km, and the average
driving time increased from 35.9 min to 39.7 min. The number of ports with straight-line
distance of no less than 20 km has increased from 12 to 20, and the average length of a
waterfront is 902.2-948.8 m, while the average length of a waterfront with a straight-line
distance of less than 20 km is 613.4-750.7 m. The number of ports with driving distance
of no less than 20 km has increased from 18 to 26, and the average length of waterfront
is 903.4-949.8 m, while the average length of a waterfront with a driving distance of less
than 20 km is 478.3-638.4 m (Figure 5a, Table 1). External transportation is an important
link in port construction, matching each port with the nearest expressway entrance. The
average driving distance between the two reduced from 10.6 km in 2010 to 7.0 km in
2022, the average driving time reduced from 17.5 min to 12.3 min, and the number of
ports less than 10 km from the entrance increased from 16 to 28, accounting for 51.6% to
73.7% of the total. Many ports have opened entrances through new dedicated lines or
expressways passing through the port area to reduce the complexity of the main entrance of
expressways connecting with urban internal and external passenger transport. The number
of ports sharing the entrance with the urban area decreased from 16 to 5, and the proportion
decreased from 51.6% to 13.2% (Figure 5b,c, Table 1).

Many cities have built ports in peripheral areas to reduce the use of ports in urban
areas. The average distance and driving time from the new-built ports to the city center
is relatively long, while the average distance and driving time from the withdrawn ports
is relatively short. Newly built ports with straight-line distance and driving distance of
no less than 20 km accounted for 66.7% and 73.3% respectively, compared to 25.0% and
37.5% of the withdrawn ones and 43.5% and 65.2% of the remaining ones (Figure 4a). The
average distance and driving time from newly built and remaining ports to the nearest
expressway entrance is relatively short, while the average distance and driving time from
withdrawn ports is relatively long. The average driving distance from the newly built and
remaining ports to the nearest expressway entrance is 7.8 km and 6.5 km, respectively, and
the average driving time is 13.9 min and 11.3 min, respectively, which is far lower than the
12.15 km and 20.3 min from the withdrawn port. The proportion of the withdrawn ports
and the urban traffic flow sharing the entrance are 87.5%, The newly built and remaining
ones are only 6.7% and 17.4%, respectively (Figure 5b,c, Table 1).
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Figure 5. The proportion of ports more than 20 km away from the city center, less than 10 km away
from nearest expressway entrance, and the nearest expressway entrance shared with cities. (a) the
proportion of ports in different years and different states more than 20 km away from the city center,
(b) the proportion of ports in different years and different states less than 10 km away from nearest
expressway entrance, (c) the proportion of nearest expressway entrance shared by ports and cities.

Table 1. The distance between the container ports and the city center and the nearest expressway

entrance.

2010 2014 2018 2022 New-Built Remaining Withdrawed
Average straight-line distance to 16.5 17.5 18.6 19.4 215 18.1 12.1
the city center (km)
Average driving distance to the ity g 233 249 257 29.1 234 16.7
center (km)
Average driving time to the city 35.9 37.8 39.3 39.7 433 373 303
center (min)
Average driving distance to the 106 95 79 7 78 65 122
nearest expressway entrance (km)
Average driving time to the nearest 1, 5 164 142 12.3 13.9 113 203

expressway entrance (min)

The relationship between the ports and the cities is gradually expanding, and the
convenience of the port external transportation is improving. There is incompatibility
between the utilization of port waterfront and urban leisure and recreation as the main
functional types of waterfronts. Transport pollution limits the improvement of urban
quality and the living environment, and it cuts the landscape along the river in the city. At
the same time, the waterfront utilization that focuses on urban living limits the expansion of
the port area and the construction of collection and distribution channels, which promotes
the outward migration of some ports. During the study period, the waterfront utilization
of newly built ports is generally far from the urban area, but there are still a few ports, such
as Tongling, Anqing, and Wuxi (Jiangyin), close to the main city.

3.4. The Container Port Waterfronts Occupy the Ecological Reserve and Is Highly Concentrated

According to the General Plan for the Protection and Utilization of the Waterfront
of the Yangtze River Economic Belt, the container port waterfronts occupy the ecological
reserve in the YRD, and the occupation length is expanding with the development of the
inland waterway transport. The length of the ecological reserve section occupied by ports
increased from 6167 m in 2010 to 11,125 m in 2018, and then it decreased to 10,265 m in
2022. The total proportion increased from 27.4% to 33.6%, and then it decreased to 31.7%.
The number of ports increased from 11 in 2010 to 19 in 2018, and then it decreased to 17
in 2022, and the total proportion increased from 35.5% to 46.3%, and then it decreased to
44.7%. The annual growth of the conflict length in 2010-2014 was 9.3%, From 2015 to 2018,



Land 2023, 12, 778

12 of 21

~
fe>)
~

12,000
10,000
8,000
6,000
4,000
2,000

Waterfront length (kilometer)

(c)

2010
Length

the annual growth rate was 6.1%. After 2018, the relationship between the container ports
and the protection reserve eased, and the scale of conflict decreased. The core area of the
reserve is an important area to play the protection function, and the occupied length has
increased from 3637 m to 7630 m, and the proportion has increased from 59.0% to 74.3%
(Figure 6a).
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Figure 6. Conflicts between container port waterfront and protection reserve. (a) length of ecological
reserve occupied by container ports, (b) length of ecological reserve occupied by container ports in
different states, (c) distribution of ecological reserve occupied by container ports.

The conflicts are mainly distributed in the Yangtze River estuary, Nanjing, and
Tongling. Almost all waterfronts in the Yangtze River estuary area are within the scope
of protection. This section is the core area of the National Aquatic Germplasm Resources
Protection Area of Yangtze Coilia, which has led to a large number of ports in Suzhou
(Taicang, Changshu) and Nantong, falling within the protection area, forming a large-scale
occupation. The number of ports in this area has increased from 4 to 10, accounting for
36.4% to 58.8% of all conflict ports, and the occupied waterfront has increased from 3059 m
to 6572 m. The proportion increased from 49.6% to 64.0%. The main city of Nanjing and its
upstream areas are all in the National Aquatic Germplasm Resources Protection Zone of
Leiocassis longirostris in Dashengguan, and a large number of waterfronts of Tongling are
in the National Nature Reserve of Freshwater Dolphin (Figure 6c).

Different from the traditional cognition of the newly built and remaining ports evading
reserve, the scale and proportion of the reserve are high. There are eight newly built ports
in the reserve, occupying 4703 m of the protected waterfront, accounting for 53.3% and
47.3% of the number of ports and the length of waterfront utilization. There are nine
remaining ports in the reserve, occupying 22,404 m of the protected waterfront, accounting
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for 39.1% and 24.8% of the number of ports and the length of waterfront utilization. The
core area of the reserve is occupied by seven newly built and five remaining ports, with
the occupied length of 3993 m and 3637 m, respectively, accounting for 84.9% and 65.4% of
the total occupation of each type. The average length of conflicting ports is small, and the
proportion of specialized and large ports is low. Their impact on the environment is large,
so the site selection is more cautious (Figure 6b).

4. Enlightenments and Countermeasures for the Sustainable Development
4.1. Transformation of Productive Waterfront Utilization Has Reshaped the Sustainable
Development Pattern along the Yangtze River

Development activities can directly change the natural background of the waterfront
and its surroundings, as the waterfront is a disposable one-time, non-renewable resource.
Ports’ site selection, which is the joint result of the hinterland economy, waterfront ecological
environment, distribution facilities, etc., relates to the economic development stages and
resource development mode. For most of the Yangtze River ports, waterfront utilization
develops in three periods, exploitation, conflict, and mitigation, as it relates to their long
history and intensive human activities.

Inland container shipping develops with the expansion of global product sales in in-
land regions. This speed-developing mode and traditional shipping both work. Waterfront
utilization of traditional shipping is horizontal expansion-based, in which the capacity
relates to the length of the shoreline. It results in the heavy utilization of the waterfront
and threats to ecological preservation areas and drinking water sources. In contrast, inland
container shipping reduces unit transport costs and pollutant emissions by transferring
the land transport and increasing the proportion of multimodal transport to river-ocean
combined transport. Container shipping is away from heavy waterfront utilization, as it
possesses high operational efficiency with the standardized transport and centralized feeder
ports distributed in the YRD, which are the logistic nodes sited in the inland region during
the port regionalization process. Hence, for the Yangtze valley, the container shipping need
of a whole city can be realized in hundreds of meters of waterfront, and the same is the
case in the Rhine Valley. It has only been decades since container shipping developed in the
Yangtze River. In the 1980s, Shanghai began to develop container shipping and gradually
expanded to Suzhou (Taicang, Changshu, and Zhangjiagang) in the Yangtze River estuary.
In the 1990s, it became popular in the Jiangsu Province. Later, in 2000, large-scale container
operations began in Anhui Province. With the construction of —12.5 m and —10.5 m deep
waterway in the lower reaches of the Yangtze River, container throughput has the fastest
growth among all kinds of cargo.

The development of container ports is closely related to China’s foreign trade growth
and the Yangtze River’s resources and environmental management. In 2010, the period
wherein China was the “world factory”, container shipping developed rapidly in the entire
region, with the fastest-growing foreign trade. To alleviate the pressure of collection and
distribution, some existing wharves were altered for larger transport capacity and the most
use of the waterfront. During the conflict period, many container ports were located in
the old port area, and lack of pollutant collection and material supplements caused many
environmental problems.

“Mitigation” is considered to begin after 2015. We believe that there are two reasons.
One is regulation. The decades of urbanization and industrialization along the Yangtze
River have accumulated a series of resource and environmental issues [21,71]. The Chinese
government has proposed a national strategy of “Yangtze River Protection” to guide the
sustainable use of the waterfront of ports. After meeting current and future transportation
needs, ports are not allowed to be constructed excessively. Scholars have reviewed the
challenges faced by current inland port and shipping [72] and believe that sustainable
development requires social, economic, and environmental aspects, such as environmental
measures, setting up emission control zones, using clean energy [73,74], and more efficient
ship scheduling systems [75].
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On the other hand, by establishing a modern transportation and supply chain covering
the Yangtze River basin, one can integrate logistic links to reduce the resource and environ-
mental impact of unit transportation and to internalize external costs. Specialized public
container ports have been built in various regions, and intensive utilization of waterfront
resources is taking shape. With the continuous improvement of environmental control
requirements, the external costs of various modes of transportation, especially roads and
railways, continue to rise. Under the same environmental control standards, inland water-
way transport has the smallest cost consumption [76,77]. Inland ports can alleviate traffic
congestion and reduce transportation costs in seaport cities [18,78]. When ships stay in the
seaport for a long time, it can cause environmental impact on residents of seaport cities. In
this process, intermodal transport plays an important role. Through the optimization and
improvement of the logistics system in infrastructure docking, regulatory procedures, as
well as other aspects, as well as various transportation links, have formed service models
that can integrate regional logistics [79,80], significantly reducing the social marginal cost
of transportation. For the additional economic burden caused by ecological measures,
suppliers provide cost compensation through cooperation and various technologies.

4.2. Conflicts between Waterfront Utilization and Protection Are Inevitable, and It Is Necessary to
Face Up to the Rise in the Occupation of Protected Areas

Although the container ports in the Yangtze River Delta account for only 1% of the
total waterfront, some protected waterfront covers nearly 100 km. Many waterfronts in
some cities are in protected areas due to highly unevenly distributed protection needs. For
Suzhou, Nanjing, Tongling, and other cities, a large number of waterfronts is within the
protection reserve. Besides, many cities along the Yangtze River, including Nantong, Nan-
jing, and Wuhu, try to amplify the riverside economic and social benefits by constructing
urban corridors with location advantages. Local governments tend to construct gardens
to exert the multi-function of the riverside landscape, as the Yangtze River is attractive
to residents. Hence, many waterfronts are used for leisure and recreation. The dilemma
in container ports’ site selection makes the local stakeholders develop waterfronts for
economic development pressure in the game between economic development and resource
protection. The productive activities of the waterfront cannot be prohibited, so there will
be conflicts between port development and waterfront protection.

Inland waterway container transport is an important means to solve China’s logistic
development dilemma. The proportion of national total logistic expenses in relation to
GDP has decreased from 17.37% in 2010 to 16.00% in 2015, but it is still higher than that of
developed countries, and there is still a certain distance from the world average of 10-15%.
Assuming that logistics efficiency can be raised to a level close to that of the United States
(5-7%), it can save nearly 5 trillion yuan per year. Most of the logistics costs come from the
process of transporting goods from inland regions to coastal ports. Although the length
of domestic transportation is shorter than that of international section, the cost accounts
for a high proportion of the total freight. This has provided a huge market capacity
and development space for inland water transportation. The cost of inland container
transportation with shipping as the core is 50% of road transportation. It is marked by
standardized transportation units, achieving high efficiency and informatization, as well
as changing traditional cargo source organization and transportation processes. “Door
to door” transportation [81,82] can reduce the turnaround time of various links in the
transportation process [83], accelerating the diversification of the relationship between
ports and hinterland and the process of port regionalization.

The shift from land transportation to water transportation occurs under environmental
control. Among the main transportation modes, the energy consumption and pollutant
emissions per unit of cargo transportation by waterways are far lower than those by
highways, which can reduce costs by nearly 10% and greenhouse gas emissions by more
than 15% [84]. The European Commission proposed the Marco Polo Plan at the beginning
of the 21st century, aiming to transform land freight into other greener modes. The two
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phases of the Marco Polo plan ultimately reduced carbon dioxide emissions by 4.36 million
tons, reduce land freight turnover by 64 billion kilometers, and reduce truck queuing by
64,000 km. After 2010, the EU further promoted the development of sustainable transport
modes, with the goal of reducing greenhouse gas emissions by more than 60% by 2050.

The volume of container ports that conflict with the protection reserve is considerable,
increasing from 2.99 million TEU in 2010 to 7.16 million TEU in 2020. Considering the
unit waterfront container handling capacity of each container port in the city at the same
level, it is calculated according to the method in Section 2.1. and accounting for 8.2% of
the inland river container throughput in the Yangtze River Delta to 12.2%. In 2022, all of
the container operations of Maanshan, Anging, and Nantong, and 60% of Suzhou and
Yangzhou, were in protected areas. In the Yangtze River estuary, Suzhou and Nantong
have become the two most critical relocating regions of Shanghai, and Taicang Port Area
has the largest container port group on the Yangtze River, except Shanghai. These are all
related to Shanghai’s lacking waterfront, scarce land resources, and continuous increase
in collecting and distributing pressure. Although protection is essential, the considerable
container operation over several millions will conflict with the protection zone no matter
where they are distributed, as all of the waterfronts of this section are in the protection zone.
If there is no room for container shipping, it will seriously affect the construction of the
integrated logistics system and social-economic development, locally, or even in a larger
region. At this stage, the best time to adopt the most stringent protection measures and
overall relocation has yet to be noticed. Considering many large-scale hub ports exist in
the protection reserve, the primary way is to develop these ports and carry out ecological
compensation and restoration through other methods simultaneously.

The sustainable use of the port waterfront is a dynamic process. By improving the
entry and exit mechanism of the port waterfront, the utilization efficiency of the port
waterfront can be improved, and the supply of the waterfront can be shifted to large-
scale public ports with high throughput capacity per unit waterfront. Besides, it is also
helpful in promoting the gradual withdrawal of ports with low unit waterfront handling
capacity or long waterfronts occupied by ports. These ports are relatively expensive due
to modernization. In port construction, many methods are beneficial, following the green
concept from the whole life cycle of design, construction, and operation, including restoring
the intertidal zone, establishing ecological corridors, setting up aquatic animal and plant
habitats, building ecological security barriers and water exchange spaces, and providing
environmental compensation and pollution control fees for nearby residents.

4.3. Through the Horizontal Coordination of the Port Groups along the River, Balance the
Waterfront Load of All Container Ports

In the sustainable utilization of the waterfront, the increase in terminals gradually
slows down while the demand for container transport continuously grows. To share the
pressure of partial urban ports on waterfront, it is necessary to build a cross-city and cross-
province integrated port logistics system in the YRD port group through operation and
management, cargo source organization, barge calls, and multimodal transport. Consider-
ing the unit container handling capacity of the waterfront within a city at the same level, the
waterfront loads of ports vary significantly between cities. On the one hand, the pressure
on the waterfront of hub cities is relatively high. The Shanghai International Shipping
Center ranks the highest in the YRD, reaching 3000 TEU/m in 2022, while the neighboring
Suzhou is relatively less stressful. Therefore, the port cooperation between Shanghai and
Suzhou can effectively reduce the pressure of container handling and the resources and
environmental burden. It can also optimize the security and connectivity of the shipping
network through the new port hub. The SIPG (Shanghai International Port (Group)) has
invested in the SZP (Suzhou Port) and many container enterprises in Suzhou. Nanjing,
Yangtze River Shipping Center, is under high pressure in the middle of the YRD, and Wuhu,
Anhui Shipping Center, is stressful in Anhui Province. On the other hand, non-hub cities
are transited to specialized ports of the new port area, from small/medium-sized and
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general ports. The change in waterfront suppliant is slower than the spurting growth of
container transport capacity. The waterfront pressure of container ports in Nantong and
Whuxi is 1100 TEU/m and 1000 TEU/m in 2022, respectively. Tongling, Maanshan, Chizhou,
and Anging in 2022 are twice that of 2010, of which Anqing is 8.22 times compared with
2010 (Figure 7).
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Figure 7. Container port waterfront pressure and container throughputs.

Hub cities are the core of container port waterfront supply. Although urban expansion
and resource and environmental constraints have further squeezed the living space of the
port waterfront, the limited waterfront and land use will be inclined at the national and
provincial levels. It will also take inland waterway shipping and container intermodal
transport as an important part of future development. Shanghai Waigaogiao, Nanjing
Longtan, and Wuhu Zhujiagiao are still in expansion. Non-hub cities are not major in
shipping. The pressure on the shipping volume and routes increased considerably during
the study period. The excessive development of the port waterfront leads to resource waste,
and inactive development puts serious pressure on collection and distribution. Some local
governments and practitioners need to pay more attention to the planning of the container
port system and investment in specialized and large-scale ports.

Therefore, researchers and governments should focus on integrated port cities, shifting
from hub ones. A cross-city comprehensive port and shipping logistics system is expected
when there is a bottleneck in the hub area, using the resources of the surrounding cities.
Some practices on co-construction and sharing transport infrastructure that break admin-
istrative boundaries are shown. The non-hub port areas’ container transport pressure is
relatively high, especially as more cities join the container shipping system. Shipping
will transfer the original non-container transport to container transport and the original
overland transport to inland waterway transport. Practitioners in these cities must adapt to
container shipping, including proficiency in operating rules and procedures and matching
infrastructure. The waterfront supply of container ports can help these cities form shipping
interfaces for the inland container and close the gap with the first-mover cities.

4.4. There Are Barriers between Higher and Lower Levels or between Different Departments and
Cities, Which Can Be Solved by the Yangtze River Delta Integration Mechanism

After going through the process from “conflict” to “mitigation”, the relationship
between the development and utilization of port waterfront and people’s life, resource man-
agement, and environmental protection will eventually move towards “coordination”. At
present, container port waterfront management involves many government departments,
such as development and reform, water conservancy, natural resources, transportation,
agriculture, ecological environment, etc. As the corresponding performance assessment
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is divided into various departments, relevant departments have issued policies and in-
stitutions from their respective functions, with weak connectivity and relevance, as well
as a lack of cross-department overall management at the Yangtze River Delta level, and
many problems of waterfront resource development and protection are difficult to coor-
dinate in a unified manner. The development, reform, water conservancy, and natural
resource departments play prominent roles. The development and reform departments
pay attention to the layout of industries and infrastructure along the river and hold the
right of approval. The water conservancy departments have the right of waterfront, river
management, and related approval. The natural resources departments pay attention to the
standardization of natural resources protection and land use along the river and constrain
the port construction and operation process through land space planning and ecological
red line protection.

The change in the status of departments in the government has affected the direction
of shoreline development and protection. The waterfront and industrial transportation
planning along the Yangtze River were led by the development and reform department.
After 2020, the management of the Yangtze River waterfront was transferred to the water
conservancy department. This department focused on water intake protection, flood
control, and drainage facilities’ layout while weakening the rationality and predictability of
the port layout. At the same time, the natural resources department mastered the dominant
power of the national spatial planning, and the red line control thinking was enlarged,
and the strong position of the department requires other plans and policies to match it,
and some waterfronts cannot be fully utilized. The management and approval of the use
of land and water areas are not in the same department, and some of the water areas
behind the port are planned for other use types, and vice versa. With the further release
of the shipping potential of the Yangtze River, the demand for port waterfront resources
is still relatively strong. Some deep-water waterfronts are located within the scope of the
reserve and cannot carry out production activities, and some of the rear land areas are
not suitable for large-scale exploitation and construction, or the cost is high, which makes
the high-quality waterfront resources increasingly tense, especially in Nanjing, Suzhou,
and Zhenjiang.

With the implementation of the Yangtze River protection strategy, the riverside indus-
tries have gradually withdrawn from the waterfronts, and ports have become one of the
few productive waterfront types on the Yangtze River that are still in continuous supply.
It is necessary to improve the comprehensive management system of the waterfront with
multiple departments and administrative regions to ensure the waterfront supply of key
projects. On the basis of total amount control of waterfront utilization, and to strengthen
the connection between waterfront planning and other plans, use the hinterland of the
waterfront to reduce the occupation of riverside space, releasing it for port use.

5. Conclusions

Based on the summary of remote sensing images and relevant data, this paper calcu-
lates the waterfront utilization of the container ports along the Yangtze River in the YRD,
analyzes the waterfront organization pattern and change characteristics, and puts forward
the enlightenment and countermeasures for the sustainable development of the port water-
fronts. The academic contribution of this paper was to analyze the waterfront utilization of
inland container ports by combining remote sensing image data and enterprise data, as well
as to expand the research of port resources from coastal to inland areas. In addition, this
paper puts forward suggestions for sustainable development in view of problems existing
in the Yangtze River, which has practical significance for the development of Yangtze River
Shipping, exploitation, and protection of land resources along the Yangtze River.

In the YRD, the waterfront utilization of container ports has increased along the
Yangtze River, showing a decreasing from downstream to upward, and it has formed
dense zones attached to the central cities and major manufacturing bases. The ports with
higher length of waterfront are mostly located in the shipping central cities and the Yangtze
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River estuary. The development direction of container ports is large-scale and specialized.
The number of large ports with waterfront utilization of 1000 m and above has increased
from six to eleven, and the number of specialized ports has increased from 17 to 23. The
utilization of container port waterfront is approaching the periphery of the city and areas
with convenient transportation. The utilization of container port shoreline will be close
to the periphery of the city and convenient transportation areas. The number of ports
with driving distance of no less than 20 km from the city center increased from 18 to
26, and the number of ports with driving distance of less than 10 km from the nearest
expressway entrance increased from 16 to 28. The container port waterfronts occupy the
ecological reserve, and the conflicts are expanding with the development of shipping,
mainly distributed in the Yangtze River estuary, Nanjing, and Tongling.

Based on the empirical analysis, this paper puts forward four enlightenments. First,
the exploitation and utilization of the port waterfront has experienced multiple stages
of “utilization—conflict—mitigation”. With the transformation of productive waterfront
utilization, the pattern of sustainable development along the Yangtze River has changed.
Secondly, the conflict between waterfront utilization and protection is inevitable. The traffic
volume of ports in conflict with the reserve has reached a considerable scale. It is necessary
to face up to the temporary rapid rise of encroachment on the reserve. Third, through
the horizontal coordination of the port system along the river, the original focus on the
hub cities will be transferred to the comprehensive consideration of the port cities in the
whole region, and the waterfront load of different types of container ports can be balanced.
Fourth, use the Yangtze River Delta integration system and mechanism to solve the barriers
between higher and lower levels or between different departments and regions.

In further research, on the one hand, by collecting more remote sensing images and
historical documents, the research time can be extended to the 1990s, and the research
area can be extended to the middle and upper reaches of the Yangtze River to build a
more complete waterfront and land use database of ports. On the other hand, through
surveys of some waterfront sections and port enterprises, it is possible to further study the
relationship between waterfront utilization and protection and its driving mechanisms,
especially the challenges faced by ecological service functions, the impact of port and
shipping technology changes on waterfront resources and environment [2], to comb the
evolution of the interactive relationship between waterfront development, to explore the
port carrying capacity, to explore economic development, and to explore the issue of the
transfer of externalities of inland port shipping [72].
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