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ABSTRACT

Cities have suffered from long-time waterlogging
problems. A review of English and Chinese literature
on “urban waterlogging” can help analyze the
research progress and further explore methods and
approaches to alleviate such problems in Chinese
cities. By examining the literature from the Web of
Science Core Collection database and CNKI database
with CiteSpace, a Mapping Knowledge Domains tool,
this paper aims to scientifically review the disciplinary
structure, major research interests, and research
hotspots of the issues of urban waterlogging.
Through data analyses, it concludes that: 1) urban
waterlogging is a hot topic that has been studied in

a great number of subjects, with interdisciplinary
studies and a continuous growth in Urban and Rural
Planning, Geography, Landscape Architecture, etc.
in recent years; 2] the research on waterlogging

in representative subjects varies; 3) English and
Chinese literature explores stormwater management
and control measures from the perspectives of
planning concepts, infrastructure, drainage systems,
spatial regulation, management methods, and micro-
measures; 4) research hotspots cover the concepts
and measures of waterlogging control, hydrological
processes and patterns, causes of waterlogging, and
risk assessment and management; 5) the existing
research mainly focuses on micro scales, and there
is an absence of studies on ideal spatial patterns and
planning approaches at macro and medium scales,
or on the correlation between urban hydrological
processes and waterlogging formation mechanisms
with spatial deployment of stormwater regulation
approaches. Finally, according to existing research
limitations, the paper proposes that: 1) future
theoretical studies should explore the backgrounds,
objectives, and application scenarios of various
waterlogging control approaches; 2] studies are
expected to explore spatial patterns and planning
approaches at macro and medium scales; and 3)
scholars should expand the territory of research by
integrating with Hydrology.

KEYWORDS
Urban Waterlogging; Research Review; Research
Hotspot; Mapping Knowledge Domains; CiteSpace
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1 Introduction

Along with the aggressive urbanization process, China’s mega
cities are facing increasingly frequent and severe storm and
waterlogging problems. In recent years, sponge city construction
has become a widely-discussed topic among researchers and
local governors, with productive research outcomes and practice
efforts. However, it has also seen a number of problems in

both theoretical and practice explorations'. Since issues of
“urban waterlogging” have already been broadly studied by
international academia in Environmental Sciences, Ecology,
Water Resources, Geography, Urban and Rural Planning,

etc., Chinese scholars have often introduced such proofed
experiences, but neither in a systematical way nor establishing
any theoretical frameworks that could adapt to China’s
waterlogging problems. It thus urgently needs to review the
existing literature of research on urban waterlogging issues
among related disciplinary fields.

The amount of existing research on urban waterlogging is
too huge to be examined with traditional, manual literature
review methods. As a more efficient and scientific analysis
alternative, the Mapping Knowledge Domains (MKD) method
is adopted in this research to comprehensively and accurately
extract subject structures, hotspots, and topics from massive
data in varied fields. This study employed CiteSpace”, a MKD
tool, to examine the existing literature on urban waterlogging
from the Web of Science (WOS) Core Collection database and
China National Knowledge Infrastructure (CNKI) database
through a visualized analysis of the research network of various
subjects. By analyzing co-category and co-keyword occurrence,
subject relations, new interests, deficiencies, and trends were
reviewed to provide a theoretical basis for building ideal spatial
patterns in order to respond to China’s urban waterlogging

issues.

2 Analysis Tool and Data

2.1 Analysis Tools

MKD is an effective tool of knowledge management'”!
and has been widely applied since it was firstly introduced
into China in 200S5. By analyzing individual knowledge
domains, MKD supports visualizing disciplinary structure and
development pattern and trajectory of a certain kind of scientific
knowledge"'. In 2004, Professor Chen Chaomei in the College
of Computing and Informatics at Drexel University, the United
States developed CiteSpace, an information visualization Java
software, which has soon become one of the most popular
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and influential MKD tools in the world™”. However, in China, @

CiteSpace now is mainly used in Sciences of Library and Archive
Management, Management Science and Engineering, and
Pedagogy. Few applications are found in fields of Urban and
Rural Planning and Landscape Architecture.

CiteSpace supports the analyses of cooperation, co-occurence,
co-citation, literature coupling, and research fund. It is also used
to process data from different sources including WOS, Scopus,
Derwent, CNKI, CSSCI, CSCD, RCI, and KCI, wherein WOS
supports relatively comprehensive analyses, while the CNKI
database only supports co-author, -institution , and -keyword
analyses. Knowledge network graphs generated by CiteSpace
mainly consist of nodes® and linking lines, wherein the node size

represents the amount of published articles by author / institution /

country, occurrence of topics / keywords / domains, or the total @

cited times of a literature / author / journal, and the thickness
of linking lines represents the strength of cooperation / co-
occurrence / co-citation while different colors represent the time

. . . s
when the first co-occurrence or co-citation occurred”'®.

2.2 Data Sources

This study examined both the WOS Core Collection database
and the CNKI database. The English literature in the WOS
Core Collection database covers important research findings of
scholars around the world, especially overseas scholars; the CNKI
database basically collects Chinese scholars’ studies, wherein, to
avoid duplication, only Chinese literature was examined®.

The data of English literature from the WOS Core Collection
database was retrieved on November 4, 2018 through a search
by “TS = (waterlogging) OR TS = (stormwater)”® for all years of
the collection span. After duplication screening with CiteSpace,

a total of 12,460 articles were found, spanning from 1974 to
2018. Using the built-in counting module in WOS database for
the literature published in the past 25 years, the statistics reveals
that the total number of English articles on the topic of urban
waterlogging has increased year by year. The fastest growth is
observed in 2015, with a peak in 2017 (Fig. 1).

Data of Chinese literature from the CNKI database was
retrieved on November 7, 2018 through a search by “ =37
MNP OR FI=Fijt OR Fl=itPf i H OR Fl=5F K FH OR
FH=FH A OR FHI=F/KIEE” [“TS=(urban waterlogging)
OR TS=(stormwater flooding) OR TS=(flood disaster) OR
TS=(rainwater disaster) OR TS=(stormwater management and
control) OR TS=(stormwater regulation and storage)”]® for all
years of the collection span. After screening newspaper reports,
editorials, etc., a total of 5,471 articles were found, spanning
from 1988 to 2018.
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The network graphs
generated by
CiteSpace visualize
varied information
according to specific
analysis purposes.

In the analyses of
citing literature (also
known as original
literature that is directly
retrieved), the nodes
represent the author(s),
institution(s), country,
title(s), keywords,
subject categories,
fund(s), etc. When
cited literature (the
references / citations
in citing literature

that usually enjoys
high academic value)
is examined, the
nodes can represent
the authorl(s), title(s),
journalls), year(s), etc.
The thickness of

the circle layer(s)

is proportional to

the total amount of
published articles

(or the total citation
counts) of a certain
year. The color of circle
layer(s) represents

the corresponding
published year(s) in the
timeline on the top of
the graph.
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crops' resistance
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literature by Chinese
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English literature from
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(such as "Stormwater
Flooding,”
Waterlogging,” and
“Storm Disaster” that
share a high similarity),
resulting from the
terminology divergence
among Chinese

"Stormwater

scholars’ research on
urban waterlogging.
In this research, the
authors selected six
keywords out of over
20, which can cover
the most of literature
of a high relation with
the issues of urban
waterlogging.
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Table1: The top 10 subject categories by citation counts and the ones by centrality of foreign urban waterlogging studies in English literature
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3 Disciplinary Networks in English Literature

The WOS Core Collection database that covers SCI, SSCI,
and A&HCI classifies subjects into 252 categories which are
recorded in the field WC, making it possible to directly examine
the disciplinary networks of the English literature from the WOS
database.

3.1 Co-category Network Analysis Results

Through the co-category analyses of the 12,460 English
articles by CiteSpace, a knowledge network graph of disciplinary
network was generated that is composed of 127 key nodes” and
695 linking lines (Fig. 2). The top 10 subject categories by citation
counts and by centrality® (Table 1) were also obtained, revealing
the representative subject categories in urban waterlogging
study with productive research findings. Besides, through the
burst detection® by CiteSpace, 56 burst subjects were identified,
out of which the ones of the highest burst intensity include
Plant Sciences, Agriculture (Multidisciplinary), and Planning &
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default value of 50,

the top 50 subject
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time slice (/year] were
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In CiteSpace, centrality
is a key indicator of

the importance of a
literature / author /
journal / institution in
the network, which is
represented with an
outer ring in purple. The
centrality of a literature
values between 0 and

1, and the value of a
purple-ring node is not
less than 0.1. Literature
of high centrality is
considered disciplinary
pivots (or "turning
points” in CiteSpace)
that connect different
domains.

Burst detection is an
important module in
CiteSpace to examine
the surge of occurrence
of a certain research
object (that is subject
or keyword in this
research] in a short time
period, in order to reveal
the shifts and trends

of related research
interests. In CiteSpace,
the more burst nodes

a cluster includes, the
more active it is, where
emerging research
interests are suggested.
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Table2: Subject categories that see continuous bursts of foreign urban waterlogging studies in English literature in recent years
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Development. In addition, the analyses show that nine subjects
have continued a burst of occurrence in recent years (Table

2). Although the subject categories of Public, Environmental,
& Occupational Health and Area Studies were not retrieved,
both of them are considered closely related to the issues of
urban waterlogging. Therefore, this research examined the two

categories as well.

3.2 Disciplinary Network and Major Research Interests in
English Literature

The preliminary statistics and data analyses reveal that:

1) The representative English literature on urban
waterlogging covers 127 subject categories in the WOS Core
Collection database, out of which the top three categories in the
amount of publications are Environmental Sciences & Ecology,
Environmental Sciences, and Engineering, followed by Water
Resources, Engineering (Environmental), Plant Sciences, Geology,
Ecology, etc., indicating that these disciplinary fields have made
a great contribution to the issues of urban waterlogging and
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Table 3: Main research topics among representative disciplines on urban waterlogging
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Main research topics

HRERF5EES

R

HEAR

IR¥

TARTRE

IMETRE

Environmental Sciences & Ecology
Environmental Sciences
Ecology

Environmental Studies
Engineering

Engineering, Civil
Engineering, Environmental

c ERmMART CREEMENT KGUHRTRT REEEER URSEHKRE 8

%S, B RMIRETNE
© BEN. REEM (MRHAR) . BKEE. EYIHE
© WEITRRNESERSEENEK
.« KRR
© KSUEA N A

© MRER KIS
E- eSS
o PRSI

The application, physical construction, and economic-environmental benefits of “Low Impact

Development,” “Green Infrastructure,” “Water Sensitive Urban Design,” “Best Management

Practices,” and “Sustainable Drainage Systems”

Micro measures: green roofs (hot topic), permeable pavement, and bioretention

Urban river’s ecological problems and restoration solutions
Urban hydrological process
* Application of hydrological models
+ Water pollution and cleaning methods (hot topic) and air pollution
* Stormwater and flood inundation risk assessment

Storm event
* Waterlogging tolerance of crops

KER

Water Resources

“REEIEAL” HES
© BTHATREAE SR G HBIRRI N KRR AR
© WK R RHE
© KRRGAERE

Concept of “Low Impact Development”

Deterioration of watershed ecosystem and runoff pollution by urbanization

Characteristics of urban hydrological process
Integrated water resource management

Rl

Fha

TEH
Agriculture
Forestry

Plant Sciences

L CERRFRT REEREE (20

AW FEET. £, RA

- fEREAR R
BRI T RO IR AR b

Concepts of “Low Impact Development” and “Best Management Practices”

Micro measures: green roofs, biofilters, and trees
* Waterlogging tolerance of crops
Carbon cycle and enzyme activity of soil in waterlogging environment

“REEEEER" TRSEHKRS” BES

MIKSCAREL . JKSCT, #aRok 3. @K XS TSI TR g 2
© KRGERUAEZRS R

TR T 6 T 3R A ALK R X 7%
TEUNERSTHREUNERNEZBHXR

THBEYHR

© REMEERRESRENE

Geology Concepts of “Best Management Practices” and “Sustainable Drainage Systems”
* Study on urban hydrological process from the aspects of hydrologic model, hydrologic
analysis, surface hydrology, and wetland hydrology
* Water system degradation and runoff pollution
Changes in land use and planning solutions under the background of urbanization
* The relationship between soil magnetic susceptibility with climate change and annual precipitation
* Soil organic carbon
* The formation and evolution mechanisms of peatland
WEFNARARSKEMRR. MR, REFELER, WIMERIE.
FEUFHERZ SRR © BRFBREEAE S BTN
HETREHEA TKE. BKREL. AMEERUEEN TR
BERS AL  TEYEIRR
ZRHEEERH © RFSBMERRE SRENE
Green & Sustainable Science & These disciplines share the same research interests with the ones in Area Studies, Urban
Technology Studies, and Geography. Besides, they also study:

Construction & Building Technology
Energy & Fuels
Science & Technology — Other Topics

* Life cycle assessment of all kinds of stormwater control measures

Engineering structures of sewers, permeable concrete, timber, and green walls

* Waterlogging tolerance of plants
Formation and evolution mechanisms of peatland
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4% WL W / continued

A0 CiteSpacehMITTa A0  CiteSpace allows users occurrence change of a
FRMEEER () to check the change term over a certain time
3|agH ISR ) ERTE) of occurrence or cited period and the detailed
FRIT . BERIEWS| times of the nodes over literature information;
W&, BEERIEX a certain time period. when users check a
S BN FERE When users check a cooperative network,
MESINFIES; &t co-citation network, the result represents
MR, BEERNE the result represents the timeline of an
ANEC H ISR FE AT 18 a cited-timeline of a author's publication and
MU REFHEIE certain document and the detailed literature
B BRABIENE, & all the citing articles; information.
BERNMEEEXN when users check the
I FEoHREFMEX co-occurrence network,

H=W the result reveals the
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“urban stormwater and flooding” in publication quantity and
academic value.

2) Subjects with centrality higher than 0.1, as outlined
in purple, include Materials Science, Environmental Studies,
Environmental Sciences & Ecology, Engineering, Computer
Science, Ecology, Agriculture, and Chemistry, which have
a higher connectivity with other subjects and thus serve as
disciplinary pivots that help strengthen cross-disciplinary
research.

3) Subjects that see a sharp growth of research on issues
of urban waterlogging in recent years include Urban Studies,
Geography, Green & Sustainable Science & Technology,
Environmental Studies, and Construction & Building
Technology. This is in line with the increasing focus on
flooding and waterlogging problems in Chinese academia of
Geography, Planning, and Landscape Architecture in the past
decade.

The research interests of representative literature were
roughly reviewed by examining the titles, abstracts, author
keywords, keywords plus, etc. of the top 10 most cited
English literature in the top 10 subject categories by citation
and by centrality”, in the burst subjects during the time
span of continuing burst years, and in the fields of Public,
Environmental, & Occupational Health and Area Studies. Then
through thorough analyses of these representative literature,
the major research interests among the studies on urban

waterlogging are summarized (Table 3).

3. 3 Research Hotspots in English Literature

Through the above steps, the authors summed up the
research hotspots on urban waterlogging among the existing
English literature:

(1) Theoretical Exploration on Stormwater Management and
Control

Such concepts include both the ones extensively discussed
by Chinese and overseas scholars (such as “Low Impact
Development,” “Green Infrastructure,” “Water Sensitive
Urban Design,” and “Best Management Practices”) and the
less explored ones, including “water infrastructure,” “blue

3 [15]

and green infrastructure” ', and “irrigation infrastructure,”

and other concepts on stormwater infrastructure; “drainage

. 16 .
infrastructure”® “urban stormwater drainage systems,”

3 [17]

“municipal separate storm sewer system”" ", and other concepts

on stormwater drainage; “urban stormwater management,”

2 <«

“stormwater management system,” “stormwater management

program plan,” and other concepts on stormwater management;

9 [18]

“stormwater control measures”"™, “weather shift water tools,”
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®3: SRERMERE “WHRE B8 ENEBHRRS (4&)

Table 3: Main research topics among representative disciplines on urban waterlogging (continued)®"

REFR

Representative disciplines

EERRAS
Main research topics

o FKBREARKAM B EAIHE

Rl o WTKFIMAKRRATR

Al .« YRR

Materials Science * Structural characteristics of permeable pavement and waterlogged woods
Chemistry * The pollution of groundwater and rainwater runoff

* Waterlogging tolerance of crops

THERE « ERZRGRAMERTRRAERE
Computer Science * Warnings of urban floods and storm disasters with multimedia technologies

s IHREHPKRG CREeTUKEMIRET CREEEERT ERWFAES MK ESEM
MRRIR

© WWRBRAREE

© WHEEBIE. REWKEMRIRAE. ETACCRRMT A AL

o R TRFKRGEURTK, ERENTREBARE SHAER

© WEWA IR BRAAEE: SRERE. BAKIERE. TEMEMEERK

s PERERS5DE, BHEXRPEROEMEERRRL

nI RESRVERE * Hydrological performance assessment and built-up evaluation of applications of “Sustainable Drainage
Systems,” “Green Stormwater Infrastructure,” “Best Management Practices,” and “Low Impact
Development”

* Emergency solutions to urban waterlogging

* Waterlogging mitigation methods: improvement of design standards of rainwater drainage pipe
networks, land use planning based on hydrological models

+ Pollution causes and control solutions of water systems (e.g., watersheds, basins, and rivers) and

Public, Environmental &
Occupational Health

stormwater and runoff

* The impact of urbanization on urban land use: watershed degradation, urban hydrological process
changes, and changes of soil microbial characteristics

* Public health and sanitation, especially the infrastructure development in developing countries

s 'REeRuRET  UKERNRRET CRETKERNEE" WKEMRE" O HNRKEERMR
M CEREMEET CSEEERE CRWEEHEE CUMETT ERMNLT FER20RM
BEHMLELRE, SRSEEMNHF. K, RibdRE. LERKREEE, SEERNARE. %
Wkm, FHEHRES MY RINE

© WAUERE: SRR, KEEM. FWKRAER. FeHNE. WKER. FUKE. £YnEih. SKEE. A
TRt FAPKEEEHT T AR ENHR, LENREEMMNY RINE (MEMRBEKFE. KHF
X ) BRI, SONTREEMNER. 44, BASHBERIWR

« BENASHEESESREFOESRNTENBNSE. BABISARIRATIRERENSE. 24K
S5 RINFZ 550

o MRS BRI SORE R E SR T KSIEIR . AKX S F . KXIEE . KRR G K TR

o HEREIHE S RENSHLE

X5 « KGR, SWEE. £ES5RGRS. SMEVBEMSTRHELR
WHHR « Planning and implementation approaches of more than 20 concepts including “Green Infrastructure,” “Water
HhIE A Infrastructure,” “Green Stormwater Infrastructure,” “Stormwater Infrastructure,” “Distributed Stormwater

Area Studies
Urban Studies

Management Infrastructure,” “Blue and Green Infrastructure,” “Best Management Practices,” “Stormwater
Control Measures,” “Urban Resilience,” and “Adaptive Planning,” covering spatial structure and layout, site

Geography selection, design process, implementation strategies, etc., with an interest shift from mitigating stormwater
and purifying water quality towards broader uses
*  Micro measures: a great number of subdivisions of studies on trees, green roofs, rainwater retention ponds,
green streets, rain gardens, rain barrels, bioretention, permeable pavement, constructed wetlands, and drainage
facilities, especially including research on the broader uses of green roofs (such as hydrologic balance and water
use efficiency of roof farms) and on the functions, structures, problems, and promotion of green roofs
* Cross-department collaborations, collaborations between governments and public or private institutions,
public engagement and awareness, and economic benefit evaluation of related applications and practices
* Hydrologic cycles, dynamics, functions, models, and other aspects at scales of watershed, city, and micro
measures
* Flood risk assessment and disaster responding mechanism
* Water restoration, landscape pattern, ecosystem services, animal and plant habitats, and sustainability
s IHEHPKERG ERWART HES
© BUERE: REEW. BKEE
ZR © AMREM
Art « Concepts of “Sustainable Drainage Systems” and “Low Impact Development”
* Micro measures: green roofs and permeable pavement
* Hygroscopicity of timber
fE2 =
LFERAE, hRESTIBONFERIHTT &
NOTE

Due to the huge amount of examined disciplines, in this research the ones with similarities are merged.
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. . 1
“stormwater biofilters”!"”) and other concepts on management
and control measures; “adaptive planning,” “green open spaces

29 “land use planning,” and other concepts on urban

planning’
spatial planning.

(2) Structural and Spatial Deployment of Various Measures
of Stormwater Management and Control

Studies on micro stormwater management and control
measures cover topics of green roof, permeable pavement, rain
garden, stormwater retention pond, stormwater treatment
pond, swale, marsh, constructed wetland, floating bed, rain
barrel, green street, green building, drainage network, and
temporary flood storage spaces (such as floodplain), among
which green roof and permeable pavement are hotspots. For
example, scholars have studied the main functions of green
roofs (e.g., water purification, runoff reduction, stormwater
collection, energy saving, and heat island effect mitigation),
structures of green roofs (e.g., the selection of plants and
medium), specific types of green roofs (e.g., extended green

I and roof of aromatic plants), as well as

roof, roof farm!
related hydrological performance, efficiency evaluation, and
self-pollution problems; Studies on permeable pavement
concentrate on related structures and hydrological performance.

(3) Water Pollution and Water Quality Improvement

Water pollution and water quality improvement are the
two research hotspots. Such literature has studied not only
the pollution problems of watersheds, basins, rivers, and other
water systems, as well as stormwater and runoff, caused by
urbanization, but also ecological measures of water quality
improvement such as wetland systems.

(4) Hydrology

Studies in Hydrology cross scales. At watershed, city, or
other macro scales, such literature studies the changes of runoff
mechanisms (e.g., processes of formation, evaporation, and
infiltration) from the perspectives of Ecological Hydrology**,
Natural Hydrology™", Watershed Hydrology, River Hydrology,
Urban Hydrology, and Surface Hydrology, helping identify

. 24
catchments in urban areas™

with a particular focus on the
balance of urban hydrological processes. At micro scales,
studies of various stormwater management and control
measures often focus on hydrological performance'””, functions,
and benefits, helping establish natural water cycles through
constructed approaches. In addition, such studies also explore
the application of hydrological models and tools such as
SWMM"*) SWAT™ and SCS-CN for stormwater management
across scales.

(5) Research on the Causes of Waterlogging

In WOS Core Collection database, despite of little English
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literature with a title of “waterlogging causes” or “stormwater
causes,” the causes of waterlogging or flooding are broadly
discussed among such literature, being summarized into
climate change, extreme storm events, urbanization,
drainage system, policies and regulations, etc., among which
urbanization is often considered the causes to damages of
natural hydrology by land use changes, river canalization,
impervious pavement, etc.

(6) Urban Planning Approaches

Land use planning, urban planning, and landscape design
are commonly considered spatial approaches to stormwater
management and control. Land use planning approaches focus
on reducing the use of impervious surfaces in urban areas and
optimizing spatial deployment to enhance urban resilience
to waterlogging through planning policies and management
measures””*; Urban planning emphasizes the importance of
blue-green spaces to stormwater management and control
and focuses on combining the approaches of green open
space network planning and integrated agricultural system
modeling with urban planning; Landscape design approaches
concentrate on the structural design and spatial deployment
in implementation such as Low Impact Development unit
design.

(7) Risk Assessment and Management

Literature on risk assessment of waterlogging and
flooding mainly focuses on assessing the economic loss by
such disasters, and that on risk management studies the
adaptive mechanism to such impacts.

(8) Benefit Evaluation

Research on benefit evaluation is more found in
English literature, which evaluates the economic benefits
of specific cases of stormwater management and control
measures (such as green roof and permeable pavement), as

291 Tt also sees a number of articles that

mentioned previously
demonstrate the monetary value of ecosystem services.

(9) Policies and Public Participation

Policy studies include the formulation of laws and
regulations, as well as decision-making tools for stormwater
management. Public participation studies discuss the scenarios
and roadmaps of collaborative initiatives led by governments
or local communities, or in a public-private form, stress the
access of social capital, and encourage the engagement of
stakeholders such as community residents.

(10) Waterlogging Tolerance of Crops™”

Such research covers topics like cell aeration tissue and
response patterns to waterlogging impacts of wheat, rice,

corn, cotton, pea, and other crops.
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Table 4: The top 10 keywords by amount of published articles and by centrality of urban waterlogging study in Chinese literature
BNEHEREI0XEA RO EHES R0/ X213
Top 10 keywords by amount of published articles Top 10 keywords by centrality
HE= XS X§2ia HEZ e X§2ia)
Ranking Amount of published articles Keywords Ranking Centrality Keywords
1 1,129 LT Sponge city 1 0.34 HHRE Flood disaster
2 bbb WM Urban waterlogging 2 0.24 WA Urban waterlogging
3 574 % RE Flood disaster 3 0.23 FEMIZH Green infrastructure
4 357 R4 Low Impact Development 4 0.20 5 AKZEM Extreme storm events
5 221 TI4EIE Stormwater management 5 0.18 BB Sponge city
6 210 [HRE Meteorological disaster 6 0.16 ZWARE Storm disaster
7 200 ZEEMEH Green infrastructure 7 0.16 Jt5 T Beijing City
8 171 SWMM 8 0.10 MB&ITEIE Risk assessment
9 95 £/ Rainstorm and flood 9 0.10 B Flood resistance and emergency rescue
10 93 K& IEE Risk assessment 10 0.09 B5RM K Disaster prevention and mitigation
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Table 5: Top 10 keywords of the strongest citation bursts of urban waterlogging studies in Chinese literature

*42i3) RREE SRRMBIAT RREREFD SRRIERATEH (1988~20184F)
Keywords Burst strength Beginning year Ending year Timeline of study burst (1988 to 2018)
RGN 85.7876 2016 2018 (1]
Sponge city
St e
3 A_% 18.6043 2013 2014 || |
Flood disaster
WK
12.3082 1988 2012 EEEESEEEEEEEEEEEEEEEEEEEEE
Urban hydrology
AL
. 12.0158 1988 201 ENEESESEEEEEEEEEEEEEEEEEE
Tsinghua Campus
MIKEAZEY
12.0158 1988 2011 ENEESESEEEEEEEEEEEEEEEEEE
MIKE model
B RE
éﬁﬁg&?ﬁ}i ) 12.0158 1988 201 ENEEEEEEEEEEEEEEEEEEEEEE
Analysis and rechecking system
EW
N . 12.0158 1988 2011 ENEESESEEEEEEEEEEEEEEEEEE
Xiamen City
ekl _ 12.0158 1988 2011 EEEEEEEEEEEEEEEEEE RN
Submergence analysis
R EER
o 12.0158 1988 2011 ENEESESEEEEEEEEEEEEEEEEEE
Farmland irrigation
SRS
. 12.0158 1988 2011 ENEESESEEEEEEEEEEEEEEEEEE
Yiyuan County
fEgeS
“REEREE PRLERINRREHANES,
NOTE

The burst years are marked in red.
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4 Disciplinary Network of Chinese Literature

Since the retrieved documents from the CNKI database do not
include subject category information, the disciplinary network was
indirectly reviewed through a co-keyword analysis (also known
as co-word analysis), which is used to count the occurrence of
keywords of literature, helping scholars learn research hotspots and
trends. In a co-keyword analysis, emerging fields can be identified
by a scattered network pattern while developed fields by a strong
centrality.

4.1 Co-Keyword Analyses

By setting up the nodes to “keywords,” a co-keyword network
graph was generated; then by screening newspaper reports,
editorials, briefs, and other non-research documents and merging
the synonymous keywords — for example, “LID” and “Low
Impact Development”; “SWMM?” and “SWMM model” — 193
key nodes and 669 linking lines were obtained (Fig. 3), forming
a network of a strong centrality on the keyword “sponge city.”
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Table 6: The keywords of continuous bursts of urban waterlogging studies in Chinese literature in recent years

ES:HE] TRIEE RRRIAER RREREMR SERERENEMH (1988~2018%)
Keywords Burst strength Beginning year Ending year Timeline of study burst (1988 to 2018)

7 4
kjﬁg; 4.6913 2015 2018 HEEEE
Hydraulic model
WK

. s 5.8777 2016 2018 | ] ||
Rain garden

NIz
& . ~ . 6.0528 2016 2018 | ] ||
Agricultural production
FEWRL
AL . 5.8683 2016 2018 | ] ||
Landscape design
3 g i
s %ﬁ_ﬁ_ 85.7876 2016 2018 | ] ||
Sponge city

R
“REEREEH PRLERIRRREEANESD.
NOTE

The burst years are marked in red.
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The top 10 keywords by amount of published articles and by
centrality are listed in Table 4. These 20 keywords together reflect
the current research hotspots in Chinese academia on urban
waterlogging, out of which “sponge city” has the highest burst
strength (Table 5), consistent to China’s research upsurge on
“sponge city” in recent years. Besides, the keywords of continuous
bursts in recent years include “hydraulic model,” “rain garden,”
“agricultural production,” “landscape design,” and “sponge city”
which are considered the current interests among Chinese scholars’
research on urban waterlogging (Table 6).

4.2 Disciplinary Network and Major Research Interests of Chinese
Literature

On the basis of keyword statistics and an overall review of the
corresponding Chinese literature, eight subject categories closely
related to urban waterlogging in the CNKI database are identified:
Urban and Rural Planning, Landscape Architecture, Hydrology,
Water Supply and Drainage, Meteorology, Agronomy, Forestry,
and Medicine. Detailed research interests are summarized as
follows:

1) Urban and Rural Planning has studied the concept and

»[31] »[32]

implementation of “sponge city”""' and “green infrastructure”"",
with practice efforts exploring urbanization construction,
municipal road improvement, remote sensing technology, and
sustainable development. It also sees research on identifying the
causes of urban waterlogging from the perspective of spatial

deployment and policies of urban planning.
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2) Landscape Architecture studies the application of various
stormwater management and control measures under the concept

»[33] [34] and

of “Low Impact Development”"” especially rain gardens

sunken green spaces”’, while exploring the issues of rainwater

utilization, regulation and storage, collection, management,

etc. Scholars also study “landscape hydrology” by combining

Hydrology with landscape design"®, at a micro scale though.
3) Hydrology has examined the processes of urban

7 and related problems, studied the formation, control,

hydrology
and specific parameters of stormwater runoff, and applied
hydrological models such as MIKE, SCS, and SWMM"* for the
simulation of Low Impact Development implementation of site-
scaled practices. It also sees research on water resource utilization
and management, especially rainwater resource management.

4) Water Supply and Drainage pays more attention to flood
regulation of water conservancy projects. To urban flooding
problems, it combines with Urban and Rural Planning to improve
urban planning of drainage (rainwater) and flood control
systems'””. A series of innovative methods, such as drainage
systems at varied scales and smart drainage network systems were
put forward while drawing on the wisdom of ancient rainwater
management'*’),

5) Meteorology focuses on climate change*', meteorological
disasters'™”, low-pressure meteorology, and meteorological
disaster warnings and signals'*’',

6) Agronomy concentrates on the impact of storm disasters on
the production of agriculture*¥), fisheries, livestock, and poultry
farming, as well as related restoration.

7) Forestry mainly studies waterlogging and flooding disasters
in forests and the impact on forestry.

8) Medicine studies the clinical manifestations of epidemics
such as acute schistosomiasis and infectious diarrhea caused by
waterlogging and flooding events and the history of exposure of

vulnerable populations to infected water bodies™ "¢,

4.3 Research Hotspots among Chinese Literature

Chinese scholars’ research can be overall learned by reviewing
the retrieved Chinese literature. Through clustering statistics
of high-occurrence keywords, 22 representative clusters are
identified (Fig. 4). Through a thorough review of the Chinese
articles in these representative clusters, six major research topics
on urban waterlogging are extracted:

(1) Urban Waterlogging Control Methods

Basically, Chinese scholars’ efforts of urban waterlogging
control concentrate on exploring the concept of “sponge city”*],
with a high keyword occurrence of “Low Impact Development”

35[48]

and “rainwater system”""', which is coincided with the
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introduction of Sponge City Construction Technology Guidelines
in 2014. Representative foreign concepts of stormwater control
are also studied, including “Water Sensitive Urban Design,” “Best
Management Practices,” “Sustainable Drainage Systems,” “Low
Impact Urban Design and Development,” “Active Beautiful Clean
Water Program,” “Green Infrastructure,” and “Green Stormwater
Infrastructure.” New concepts have also been developed, including

29 [49]

“Green Sponge System”'"" and “Water Ecological Infrastructure.”

Studies on waterlogging control measures focus on rainfall
infiltration regulation systems and Japan’s rainwater storage
infiltration methods. In addition, macro-scaled urban planning

#1301 «ecological security patterns,”

2 [51]

strategies such as “resilient cities
and “stormwater regulation and storage systems”"" are proposed.
Particularly, the concept of “ecological security pattern” focuses
on the establishment of water security systems and stormwater
security zoning, and develops strategies like physical reservation

measures for rainwater storage (such as urban water corridor,
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keywords in similar
research, which reveals
the research hotspots
on urban waterlogging
by Chinese scholars.
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rainwater corridor, catchment, resilient stormwater regulation
and storage space, potential water storage space, natural
river network, flood retention areas, and green space for rain
collection™, park and green space system, urban drainage and
storage system, rain garden, flood storage park, and stormwater
park). On the planning laws and regulations, scholars study
the existing problems and related improvement approaches,
including the drainage (rainfall) planning for flood control,
urban drainage planning, municipal road planning and design,
urban green space system planning, urban three-line planning,
and municipal drainage design improvement methods, as well
as the establishment of blue-green ecological network, smart
drainage pipe network systems, and drainage systems at varied
scales.

(2) Technology and Model

Chinese scholars have conducted a great number of modeling
simulations of flood inundation and benefit assessment of
stormwater management and control based on hydrological or
hydraulic models of GIS, SWMM, MIKE, SCS"”, MIKE Urban,
SUSTAINP*, MUSIC, Info Works, MIKE Flood, FloodArea,
DigitalWater, etc. In addition, a series of calculating methods
such as variable fuzzy clustering, TRMM data, analytic
hierarchy process, and Delphi method are also proposed.
These models and methods are used for measuring indicators
such as rainwater regulation and storage volume, annual runoff,
and rainwater regulation and storage capacity of green space,
helping site selection to implement Low Impact Development
measures”’, the deployment of rainwater pipeline networks, and
disaster risk assessment and security zoning.

(3) Research on the Causes of Urban Waterlogging

At present, a large number of Chinese research studies
the causes of waterlogging and examines various influencing
factors such as climate change, urbanization, underlying
surface changes, the backwardness of urban drainage systems,
topographical constraints, urban hydrological process changes,
and the lack of policy support. Scholars have also systematically
studied disaster-causing mechanisms and vulnerabilities.

(4) Risk Assessment and Security Zoning

Risk assessment and security zoning use the above
mentioned software or models for simulating and assessing the

Bels7 and stormwater™.

risk of flooding, waterlogging
(5) Loss Assessment
Research on loss assessment mainly focuses on flood
disaster statistics, assessment of direct economic loss, vulnerable
communities, and vulnerability of infected bodies"”.
(6) Disaster Emergency Response

Research on disaster emergency response to stormwater and
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Table 7: Common terms of urban waterlogging and stormwater regulation measures in English literature
and the corresponding Chinese terms

b2ES R ZR TN FRIR
Categories Chinese terms English terms
RS K Low Impact Development (LID)
BHBHT Sponge City (SPC)
MR E
Planning concepts KM IR Water Sensitive Urban Design (WSUD)
R MRt 5F% Low Impact Urban Design and Development (LIUDD)
T Urban Resilience
FEREIEHE Green Infrastructure (Gl)
e MKERIEHE Green Stormwater Infrastructure (GSI)
HNERIRHE Ecological Infrastructure (El)
HE KRR M Stormwater Infrastructure
Infrastructure IKERIR HE Water Infrastructure
EREMEHE Blue-Green Infrastructures (B&GI / BGI)
FERERIL I Irrigation Infrastructure
TR FKEREM R Distributed Stormwater Management Infrastructure
HEK BRI Drainage Infrastructure
SREHEK R G Sustainable Drainage Systems (SuDS)
HKRG
Drainage systems W MKHEK RS Urban Stormwater Drainage Systems
TR MK EERS Municipal Separate Storm Sewer System (MS4)
MKRG Stormwater Systems
T FI K Land Use Planning
ili?i?igulation &R MR Adaptive Planning
FE TR B MK Green Open Spaces Planning
RIEEEREN Best Management Practices (BMPs)
WK EE Urban Stormwater Management (USM)
SR EER G Sustainable Urban Water Management System
KBTI Stormwater Management Program Plan (SWMP)
S MAKEERG Stormwater Management Systems
Management methods K AR Stormwater Use Management Plans (SUMPs)
SRR EE Sustainable Stormwater Management
WK TR Urban Rainwater Resources (URRs)
MKBERS Rainwater Harvesting System (RWHS)
KR ETH] Water Safety Plans

BIEHE

Micro measures

RWEHIER

Stormwater Control Measures (SCMs)

MAKREIRTHEHE Stormwater Quality Improvement Devices (SQIDs)
SEEMKEERTA Weather Shift Water Tools
TR EL IR = Stormwater Biofilters

flood disasters studies real-time simulation, real-time warning
and meteorological disaster warning, as well as post-disaster

management and relief.

5 Summary of Regulating Approaches Responding to Urban
Waterlogging in Chinese and English Literature

Through the analyses in Chapters 3 and 4, the commonly
used regulation approaches responding to urban waterlogging
among the academia in China and abroad are concluded,
ranging from planning concepts, infrastructure, drainage
systems, spatial regulation, management methods, and micro

measures (Tables 7, 8).

6 Research Review and Perspectives

6.1 Summary of Disciplinary Network

By using CiteSpace, this study reviewed the English and
Chinese literature on urban waterlogging in both the WOS Core
Collection database from 1974 to 2018 and the CNKI Chinese
database from 1988 to 2018 to examine the disciplinary
network of the existing literature, which can be summarized as
follows:

1) Overall, Chinese and foreign research on urban
waterlogging continues to rise over the past decades;

2) The existing literature is contributed from most of
subjects, among which the ones with the most published articles
include Environmental Sciences, Ecology, Water Resources,
Engineering, and Geology. In recent years, the subjects with
burst in research include Geography, Urban and Rural Planning,
Landscape Architecture, Hydrology, and Water Supply and
Drainage;

3) Cross-disciplinary research sees among various subjects,
and pivot subjects of a high centrality include Materials Science,
Environmental Studies, Ecology, Engineering, and Computer

Science;
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Table 8: Common terms of urban waterlogging and stormwater regulation measures in Chinese literature and the corresponding English terms

bS] X EIR FFRIR b2 X ZFR FRIR
Categories Chinese terms English terms Categories Chinese terms English terms
BT Sponge City (SPC) Wik ( K8 ) MK Urban Green Space Planning
EFFL Low Impact Development (LID) i FI AR Land Use Planning
MRS KM TR T Water Sensitive Urban Design (WSUD) W =4 K -
Plannintg REMHEHEITSFE Low Impact Urban Design and Development (LIUDD) IREEAEZSRY -
concepts
ABCKit#l Active Beautiful Clean Water Program (ABC Waters) NE S Y -
T - BEFHERG -
P - ERREWEB Ecological Security Patterns
. R -
foSeih- Sty Green Infrastructure (GI) Spatial = alE)| Blue-Green Spaces
FEMKEMIERE Green Stormwater Infrastructure (GSI) regulation I 7K R ERIE -
ERig
Infrastructure Rt - A RRE -
SRR Landscape Infrastructure WHRIEEE -
KA ZSERE Water Ecological Infrastructure (WEI) HMEEE S -
SR R G Sustainable Drainage Systems (SuDS) KD -
HK (FK ) B - WHIEE RS -
HWHEK RS - RIRT -
R WITHE RS - KK -
Drainage
systems THEHEK&T - st .
B HHKEN R - EERTE
Management BIEEEREE Best Management Practices (BMPs)
KINHEK RS Major and Minor Drainage Systems methods
THEGE R R - BRNBEBRG -
WKRG% Stormwater System MAKPFBERAR -
W SWRG ]
Micro
measures WKERE Rain Garden
AR -
Tt -

R

L EAZRNAEEEENRS FEBRTAAE, SNEREEE SO THREESEE; 55, M AT SABNEXBIFERSEA, HEREX, WBIREEFIIHERHZECRR,

NOTE

Some English terms are absent where the measures are often developed by Chinese professionals and there have been no authoritative corresponding terms in English yet. Besides, Chinese terms such as “G# 435 /"

refer differently in English, so this research does not include the corresponding English terms.
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4) The major research interests on waterlogging problems in
each representative subject vary. Among them, Hydrology sees
a strong connection with other disciplinary fields, evincing that
hydrological process and service is the common interest among all
the subjects studying the issues of urban waterlogging.

5) In contrast, the existing English literature has established
a relatively complete disciplinary network and promoted the
stormwater and flooding control through cross-disciplinary
research, which provides valuable reference for Chinese scholars’
theoretical exploration.

6.2 Research Hotspots and Limitations

After an overall analysis of the research interests and hotspots
obtained by studying representative Chinese and English
literature among various subjects, it is found that the cutting-edge
research and shortcomings on the issues of urban waterlogging
in China and abroad involve aspects of regulation approaches,
Hydrology-related cross-studies, causes of waterlogging, and risk
management and assessment.

1) At present, a number of regulation approaches responding
to “waterlogging” and “stormwater” problems have been
developed in China and abroad, ranging from spatial deployment,
performance assessment, benefit assessment, expanded functions,
and policies to public participation and awareness. The latter
five aspects mainly focus on the promotion and refinement of
conceptual exploration and spatial construction.

Since foreign academia has a longer history of studying the
issues of “stormwater management and control,” the existing
research has more focused on the overall regulation and control
of urban rainwater, covering all the six aspects mentioned above
from various disciplinary perspectives. Particularly, spatial
deployment research focuses on the systematic and scattered
layouts of macro-networks and the site selection and design of
micro measures. Macro-network is often established or realized
through land use planning while proposing methods such as
identification of networks of blue-green space and green open
space. However, there are few documents that offer specific
guidelines to spatial deployment of macro rain and stormwater
storage space, or any clear roadmap. In contrast, the number
of literature in the other five aspects is much larger because
foreign scholars have attempted to conduct integrated research
on water quality improvement, runoff reduction, and multi-
functional expansion. English literature has also carried out
comprehensive performance and benefit assessments of built-
up rainwater storage facilities. Performance assessments often
focus on examining the hydrological performance of spatial
structures and specific measures that improve the hydrological
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connectivity under different concepts'®”. Benefit assessments are
often developed to value ecological benefits of built-up projects
to facilitate improvement plans, with a particular focus on policy
and public participation and awareness.

In contrast, at present Chinese research still concentrates on
controlling the extent of waterlogging events. Most advocated
concepts such as “sponge city”'*"and “filling the short-board
action” are developed to reduce surface runoff'®”, combined
with implementation of spatial deployment. Most Chinese
scholars tend to explore the issues of waterlogging mitigation
and stormwater management through spatial planning, for
example, the concept of “sponge city” is applied through drainage
planning and green space system planning'®’. However, the
lack of systematic theories or models for establishing specific
spatial structures leads to the difficulties in planning practices.
Scholars have also made preliminary explorations on some
emerging concepts such as “Water Ecological Infrastructure” and
“Rainwater Infrastructure.”

2) Chinese and foreign research on Hydrology has studied
both urban and natural hydrological processes, as well as how
they work in specific applications, proposed that stormwater
regulation is to restore hydrological cycle processes, emphasized
that natural spaces such as green spaces and water bodies play an
important role in rainwater drainage, and attempted to restore or
improve hydrological connectivity by identifying hydrologically
sensitive areas at city or site scales'®’. However, the existing
studies have been mostly applied to micro-scaled facilities such
as green roofs, while less seeing research that comprehensively
examines the city-scaled correlation between hydrological
processes and spatial systems composed of rainwater storage
facilities.

3) Currently, research hotspots include the causes of
waterlogging, risk assessment of stormwater and flood disasters,
risk management and zoning, loss assessment, and disaster
warning and emergency responses. In particular, the causes of
urban waterlogging have been studied from the perspectives of
policy, planning, drainage, landscape, etc. while mechanisms are
also analyzed in terms of geological conditions, impact factors,
and vulnerable bodies — although scholars often emphasize
that urbanization has greatly changed or destroyed natural
hydrological cycle processes, systematic research of case studies
on how the hydrological processes of grasslands or lakes that
provide services of infiltration or water storage are destroyed is
still absent. It results in the development lagging of “restoring
hydrological connectivity,” one of the aims of stormwater
management. In addition, research on how to restore, protect,
and configure spatial deployment types for a better performance
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of improving hydrological cycles and mitigating waterlogging

disasters is also expected.

6.3 Research Trends

The history of China’s research on urban waterlogging is
relatively short. Based on an overall review of the hotspots
and limitations of Chinese and English literature, three
research shifts are summarized that would shed a light on
Chinese scholars’ studies in future:

1) Deepening theoretical exploration. It requires scholars
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