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Success in delivering dynamic urban coastal zones is considered essential,
as it brings enormous opportunities to the social, economic, ecological, and
cultural development of the cities in addition to benefitting the coastal zones.
However, the environmental drivers contributing to urban coastal zone vitality
remain uncertain due to unclarified spatial boundaries and the influences of
diverse characteristics from surrounding contexts. This study aims at exploring
environmental drivers that can vitalize urban coastal zones and can inform
an effective way to instruct design procedures. It sets out from clarifying
the spatial boundaries of urban coastal zones and emphasizing the mutual
connections among its spatial components. A data-driven multi-method
approach is used to analyze spatial forms, traffic organizations, land uses,
landscape characteristics, and coastal functions of the eight typical coastal
cases selected in different countries. Results suggested that six typical
coastal zone types can be classified based on landscape characteristics and
coastal functions, while the other vitality-related aspects, spatial forms, traffic
organizations, and land uses are analyzed to imply design requirements for
each type. It is found that requirements on vitality-related aspects of the six
types evidently vary with the coastal functions, but there are similarities among
the types with similar landscape characteristics.

urban coastal zone vitality, environmental drivers, typology, design implications, data-
driven analysis

Introduction

The coastal zone is where the terrestrial environment mutually influences marine
environments (Carter, 2013). In response to global issues related to coastlines,
relevant studies mostly contribute to projecting sea-level rise, mitigating storm hazards
(Godschalk et al., 1989), monitoring shoreline erosion (Maged et al., 2010; Marghany,
2014), controlling waste disposal into coastal environments (Council, 1993), exploitation
of coastal energy (Gill, 2005), and adapting climate change. Besides sustainable and
ecological considerations, the coastal zones are also in possess of huge construction and
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FIGURE 5
Road network density analysis of eight case study sites.

FIGURE 6
Intersection density analysis of the eight case study sites.

Barcelona are dominated by residences and corresponding
living and service functions, while in Qingdao, Shenzhen,
and Haikou, the proportion of employment functions is
distinctly higher than residential and recreational functions
(Figure 9).

Quantitative analysis results of the selected eight case study
coastal zones are summarized in Table 3.
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Classifying urban coastal zones based on
qualitative analysis results

Urban coastal zones have different landscape characteristics
due to their different contexts, such as geographical locations,
climates, topography, and geomorphology. Waterfront features
of the case study sites can be divided into soft and hard types;
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the soft types are those dominated by natural elements like
beaches and green spaces, while the hard types are mainly
dominated by ports, roads, squares, or reefs. Within hinterland
functions, there are three basic types include living and services,
industries and production, and commercial, cultural, and
tourism. Through the combinative considerations of waterfront
features and hinterland functions, urban coastal zones are
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classified into six major types (Figure 10); a hard waterfront with
living and services as the major hinterland functions (HI1), a
hard waterfront with industries and production as the major
hinterland functions (H2), a hard waterfront with commercial,
cultural and tourism as the major hinterland functions (H3), a
soft waterfront with living and services as the major hinterland
functions (S1), a soft waterfront with industries and production
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FIGURE 9
The proportion of specific functions in the eight case study sites.
TABLE 3 The summary of quantitative analysis results of the selected eight case study coastal zones.
Vancouver  Chicago  Toronto  Barcelona  Qingdao  Zhuhai  Haikou  Shenzhen
Development density (km?/km?) 2.6 1.8 1.2 4.0 1.4 1.9 2.0 8.5
Building density (km?/km?) 0.4 0.4 0.4 0.9 0.9 0.3 0.2 0.3
Block size (ha) 0.2 0.2 0.4 0.1 22 6.0 11.0 12.5
Road network density (km/km?) 19.2 22.5 18.5 22.0 17.5 13.5 13.0 8.5
Intersection density (per km?) 15.2 10.0 105.0 25.0 48.5 48.0 22.5 9.5
Functional diversity (%) 29 7.3 33 7.7 7.2 6.8 2.5 2.4

as the major hinterland functions (S2), and a soft waterfront
with commercial, cultural and tourism as the major hinterland
functions (S3). The classification results of the selected eight
coastal study sites are summarized in Table 4.

Design implications for vital urban
coastal zones

The results of the quantitative and qualitative analysis
disclosed the environmental drives of urban coastal zone vitality
(Table 5), which informed a way to develop design implications,
respectively, for the six coastal types.

The HI1 type is coastal zones with hard waterfront
characteristics, such as reefs, ports, and squares, and hinterland
functions are mostly composed of living and services. Green
spaces and squares that can manage public life are recommended
as the major waterfront functions. For this type of coastal
zones, a relatively wide range of development density of 1.0-6.0
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km?/km? is allowed for delivering vitality but building density
should be controlled within 0.2-0.4 km?/km?. Road network
density and intersection density can also be flexible in the
design requirements. Results indicate that 12.0-20.0 km/km?
of road network density and a range of 15.0-50.0 per km?
intersection density are beneficial to promote local vitality for
this type. The block size in this coastal zone is encouraged to be
around 1.0-3.5 ha, and functional diversity is encouraged to be
within 2.2%—8.2%.

The H2 type is coastal zones characterized by hard
waterfronts with industries and production as the major
hinterland functions. The waterfronts can contain public spaces,
and ports and other industrial heritages should be kept as
landmarks. Research findings suggest development density
should be controlled at under 1.8 km?/km?, and the building
density should be between 0.2 and 0.3 km?/km? to enhance the
vitality of coastal zones. The control over intersection density
can be loose (15.0-65.0 per km?), but a higher level of road
network density (10.0-15.0 km/km?) is suggested. The acreage
of block sizes between 3.0 and 8.0 ha and a low level of functional
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FIGURE 10
The classification results of urban coastal zones.

The illustration photos were taken by the author.
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diversity (1.2%—2.6%) for each block are regarded as conducive
to coastal vitality as well.

The H3, the last type with hard waterfronts, has commercial,
cultural, and tourism as the dominant hinterland functions and
should develop local history and culture as its coastal zone
identity to provide tourist attractions. According to the results,
both indicators of the spatial form aspect should be controlled
at a high level, with development density between 3.0 and 8.0
km?/km? and building density between 0.3 and 0.8 km?/km?.
These two have the highest ranges of design requirements among
the six coastal zone types. As for the traffic organization, road
network density is suggested within 18.0-27.0 km/km? and
the block size between 0.5 and 2.5 ha. There is also a loose
range of requirements for the indicators of intersection density
(15.0-55.0 per km?) and functional diversity (1.5-7.9%).

The S1 type refers to coastal zones with soft waterfronts,
such as wetlands, green spaces, and beaches, with residential
and services as hinterland functions. The waterfronts should
be characterized by public spaces, such as green spaces
and squares, to provide a perception of leisure to local
residents. Building density (0.2-0.3 km?/km?) and development
density (0.5-3.0 km?/km?) should be low to encourage
the aggregation of high-quality residential neighborhoods.
The size of blocks, therefore, can be relatively large (2.0-
8.0 ha). A moderate level of intersection density (10.0-
30.0 per km?) and a low level of road network density
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(8.0-14.0 km/km?) are needed to bring vitality to this
coastal zone type. Functional diversity is suggested to be
within 1.2-9.4%.

The S2 type is coastal zones with soft waterfront
the

industries

characteristics; hinterland functions are primarily
of Its

heritage can be regenerated into public spaces and can

composed and production. industrial
also serve as landmarks. The maximum that development
density can reach is 2.0 km?/km? but building density
should be controlled under 0.4 km?/km?. Intersection
density (15.0-45.0 per km?) and road network density
(9.0-16.0 km/km?) should be at a moderate level, while
the block can have a larger size with a range between 2.0
and 9.0 ha. Functional diversity between 6.0 and 9.2% is
concluded from the analysis as being beneficial to deliver
coastal vitality.

The S3 is the last type with the coastal zones characterized
by the soft waterfront. It has commercial, cultural, and
tourism as the major hinterland functions. Local historical
and cultural characteristics should be emphasized along the
corridors connecting the hinterland and the waterfront to lead
tourists to a full exploration of the coastal zone. This type
has the widest range for building density (0.2-0.8 km?/km?)
among all six types, and development density is suggested
to be between 0.5 and 5.5 km?/km?. Road network density
(12.0-24.0 km/km?) and intersection density (20.0-55.0 per
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TABLE 4 The classification results of the selected eight coastal zones.

10.3389/fevo.2022.962299

Sites Landscape Waterfront Hinterland functions Coastal Analysis illustrations
characteristics type types
Vancouver Square/trail Hard Commercial, cultural and tourism H3
Living and services H1
Beach Soft Commercial, cultural and tourism S3
Living and services S1
Chicago Beach Soft Living and services S1
Green space Commercial, cultural and tourism S3
Industries and production S2
Port Hard Commercial, cultural and tourism H3
Toronto Port Hard Industries and production H2
Square/trail Commercial, cultural and tourism H3
Barcelona Port Hard Commercial, cultural and tourism H3
Living and services H1
Beach Soft Commercial, cultural and tourism S3
Qingdao Beach Soft Living and services S1
Commercial, cultural and tourism S3
Reef Hard Industries and production H2
Commercial, cultural and tourism H3
Zhuhai Reef Hard Living and services H1
Living and services H3
Port Living and services H3
Beach Soft Commercial, cultural and tourism S3
Haikou Reef Hard Living and services H1
Commercial, cultural and tourism H3
Green space Soft Living and services S1
Beach Living and services S1
Shenzhen Reef Hard Commercial, cultural and tourism H3
Reef Industries and production H2
Beach Soft Commercial, cultural and tourism S3
Living and services S1
Green space Commercial, cultural and tourism S3

o o wn” MEANS reef, “smm mm w—” means port, ‘s e w” means square/trail, ‘s me m=” means green spaces, and “ss s ==’ means beach.
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TABLE 5 Environmental drivers of coastal vitality based on typological analysis.

Types H1 H2 H3 S1 S2 S3
Waterfront features Hard waterfront Soft waterfront
Hinterland functions Living and services Industries and Commercial, Living and services Industries and Commercial,

production cultural and production cultural and
tourism tourism
‘Waterfront functions Green spaces, Port, green spaces, Port Wetlands, beaches, parks
squares squares
Local identities Public life Industrial heritage Historical and Public life Industrial heritage Historical and
cultural cultural
Building density 0.2-0.4 0.2-0.3 0.3-0.8 0.2-0.3 0-0.4 0.2-0.8
(km?*/km?)
Development Density 1.0-6.0 0-1.8 3.0-8.0 0.5-3.0 0-2.0 0.5-5.5
(km?*/km?)
Block size (ha) 1.0-3.5 3.0-8.0 0.5-2.5 2.0-8.0 2.0-9.0 0-3.5
Intersection density (per 15.0-50.0 15.0-65.0 15.0-55.0 10.0-30.0 15.0-45.0 20.0-55.0
km?)
Road network density 12.0-20.0 10.0-15.0 18.0-27.0 8.0-14.0 9.0-16.0 12.0-24.0
(km/km?)
Functional diversity (%) 2.2-8.2 1.2-2.6 1.5-7.9 1.2-9.4 6.0-9.2 2.3-8.8
Proportion of specific functions (%)
Employment 35.5 25.0 31.0 28.0 12.8 33.0
Living 32.7 16.7 32.3 22.0 33.3 30.7
Recreation 17.8 0.0 23.4 28.0 23.1 24.7
Transportation 14.0 58.3 13.3 22.0 30.8 11.6

kmz) should be controlled at a moderate level, while small
block sizes (0-3.5 ha) are encouraged for this type. As
for functional diversity, there is a relatively wide range of
requirements 2.3-8.8%.

The comparison of the six types of urban coastal zones shows
that waterfront functions and local identities should be in line
with waterfront features and hinterland functions to facilitate
coastal zone vitality. The range of the quantitative vitality
indicators of the six coastal zone types also varies evidently
with the hinterland functions, but there are similarities in
vitality design control among the types with similar waterfront
features. For example, the types of H3 and S3 both have the
widest and highest ranges of development and building density.
Similarities are also observed between H2 and S2 in terms
of almost all vitality indicators, and the block sizes of these
two types cover the widest and highest ranges. As for the
H1 and S1 with hinterland functions of living and services,
they have similar recommended design requirements on the
indicators of building densities and block sizes. The most
evident difference that is observed between coastal zones with
similar hinterland functions is in functional diversity in H2
and S2; H2 has a range of 1.2-2.6%, while S2 is between 6.0
and 9.2%.
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Discussion and conclusion

This study explores environmental drivers to deliver urban
coastal zone vitality by analyzing the eight coastal zone cases.
Eleven indicators were identified from the literature as being
influential to coastal zone vitality, including development
density, building density, road network density, intersection
density, block size, functional diversity, proportion of specific
functions, waterfront features, local identities, waterfront
functions, and hinterland functions. In general, spatial
form, function, and consistency between them are the key
determinants of urban coastal zone vitality.

Six urban coastal zone types were classified based on their
waterfront features and hinterland functions. Results suggested
that coastal types with similar hinterland functions have similar
characteristics of building density, block size, road network
density, and functional diversity, while development density
and intersection density are more likely to be affected by
waterfront features. In the respect of spatial form, costal zones
with hinterland functions of commercial, cultural, and tourism
require a relatively high level of building and development
density to provide sufficient human activities (Desfor and
Jorgensen, 2004), as well as the small size of blocks to increase
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walkability (Sha et al., 2014). A relatively loose spatial form
with a low level of building and development density and
medium size of building blocks can be more favorable when
coastal zone vitality needs to be balanced with other quality of
life, for example, living and production. A high level of road
network density and intersection density is also necessary for
coastal zone vitality, especially for the type with commercial,
cultural, and tourism as hinterland functions. This can possibly
be explained by their positive relationship with walkability and
connectivity (Li et al., 2020). In addition, the importance of
functional diversity to urban vitality has been confirmed in this
and existing studies (Im and Choi, 2019), though there are
no differences in design constraints found for different coastal
zone types.

Though research findings appear to be conclusive, there
are limitations that exist in this research design and analysis.
First, only eight coastal zone design case studies were selected
to control their construction levels, locations, orientations,
the scales of hinterlands, and the lengths of the coastal
zones. The number of case studies is also constrained by
the lack of an efficient way, and the case study selection
since, to date, there are still no consistent definitions of
urban coastal zone vitality. Though the emerging deep learning
algorithms provided bases for large-scale image analysis, they
have their shortages in identifying qualitative attributes and
their application is also limited greatly by the generality of
training datasets. With the development of artificial intelligence,
the continuous accumulation of basic datasets as well as
the vitality contributors disclosed in this study, they can
together be used in evaluating the vitality of worldwide urban
coastal zones and then, in turn, refine the definition and the
contributors. Also, research outcomes may also be affected by
the accuracy of the obtained data since for most potential
indicators; Google is the only data source involved. Besides,
a part of the quantitative data was retrieved from open-
sourced government websites of different counties and the
investigation years were slightly different—this could also bias
the analysis results. The use of multiple data sources and
robustness tests in future similar studies can help reduce
data errors, though data collection standards may differ
across platforms.

To conclude, this study set out from clarifying the social-
spatial boundary of urban coastal zones and proposed a
typological basis for future relevant research. Through a data-
based case study analysis, a comprehensive perspective of
understanding how urban coastal zone vitality was developed.
Research outcomes provide cues for designing dynamic
urban coastal zones that can be straightforwardly relevant to
environmental planning and design aspects and are responsive
and adaptable to local contexts. More importantly, they can be
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applied to coastal zones with similar characteristics or within the
same categories, and thus, have practical values in promoting
coastal city development strategies.
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