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1 ABSTRACT

In cities, river restoration is widely recognisesl an essential Nature-based Solution (NbS) thateisla
wide range of benefits. However, rapid urbanisadod economic growth over the past four decades hav
led to the degradation of Chinese rivers. In respothe Chinese government introduced the Sponge Ci
(SC) concept in 2013 as part of the 'EcologicaliliSation' era. The SC, considered a hybrid NbSs wa
designed to foster urban resilience, particulaggiast severe disasters such as floods. The ndaten8C
Program (SCP) commenced in 2014. Since then, timbauof participating cities has continued to grés.

a result, a large number of Chinese cities haven ltiensitioning from traditional grey infrastructuto
green/blue infrastructure with substantial investtegleading to the restoration, redesign and abkittion

of urban rivers. Despite these efforts, there inoticeable lack of research that examines urbaer riv
restoration from a multi-beneficial NbS perspectaeurrent global research trend. To addresgéiisarch
gap, the present study adopted a mixed-method®agmr combining expert interviews with bibliometric
analysis, to explore the specific role of urbarersvas an NbS within the SC framework. Our stuggaked

an increasing scientific interest in urban rivestogation beginning in 2013, viewing them as eleimani
sponge construction. Alongside this, there's a nmesgively nuanced understanding of rivers as
multifunctional NDbS. In addition, we identified gpc challenges that impede the successful
implementation of these NbS in Chinese cities. Merocome these barriers, we formulated a set of
recommendations that are in harmony with Chinals Rarer Chief System policy and the Ecology Oriehte
Development (EOD) model. The aim is to enhancestistainable governance of urban rivers as an NbS in
the long term, thus contributing to overall susshie development in China.

Keywords: social-ecological system, interview asiy bibliometric analysis, nature-based solutimiban
river restoration

2 INTRODUCTION

In 2013, China first proposed the constructionrokaological civilization, which was later incorpted into

the country's constitution in 2018. As part of timgiative, the Chinese government introduced ¢becept

of Sponge City (SC) as a scalable NbS in 2012 anddhed the nationwide SC Program (SCP) in 2014.
SCP aims to develop a holistic urban water managermsgstem to adapt to climate change impacts,
particularly in response to extreme weather eventss involves replacing traditional grey infrastiure
with green/blue infrastructure capable of infilingt, absorbing and storing excess rainfall duriogds, as
well as releasing it during droughts. Constructi8@ infrastructures includes restoring rivers and
floodplains, building artificial wetlands, instally sunken green spaces, rainwater tanks, and goeés
transforming permeable pavements, and more (S&@2)2

In 2015, 16 Chinese cities were selected for that fatch of pilot SCP, which expanded to include a
additional 14 cities in 2016. The central governtreovers about 15-20% of the program costs, winée t
remainder is shared between local governments lamngitivate sector through public-private partngrshi
(PPP). As of 2018, the fixed subsidy for pilot Sf@jects amounted to 600 million RMB per year (87.8
million USD) for municipalities, 500 million RMB @&.2 million USD) per year for provincial capitalach
400 million RMB (58.5 million USD) per year for ah cities. The development of the SCP in China has
been a rapid process; the number of pilot citiexhed over 370 in 2018. By 2030, the national goal
anticipated that over 80% of municipal areas wetlycle 70% of incident rainfall (Griffiths et a2020).

Research on river restoration in China emergedénlate 1990s with the introduction of the conoafpt
»ecological hydraulic engineering* (Dong, 2013)n& 2015, efforts to eliminate black-odorous swfac
water bodies have significantly improved the wageality of rivers across the country (Cao et a02@.
Many urban rivers have undergone restoration ombiditation under the SCP, attracting considerable
investments and serving as integral componentsegnginfrastructure within NbS. The creation ofieas
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recreational riverfront parks in densely populaBdnese cities also provides urban green, operespaud
contributes to social well-being. While some reskanas focused on the role of urban river restmati
within the SCP, it has not been thoroughly examiaedan integrated NbS. Furthermore, the practical
experiences of implementing restoration project®sg various Chinese cities remain fragmented among
practitioners and have not been in-depth documenrteelsearched by scholars. To bridge this gap stiidy
endeavours to investigate the following researabstijons: 1) What is the research trend of studyivey
restoration within the SC concept? 2) What prattateallenges does river restoration face while gein
implemented in sponge constructions? 3) What idittkebetween river restoration in China“s SCP dnel
global advancement of NbS research? The proces$sés/analyzing research trends, identifying pcadti
challenges, discussing findings from an intensiterdture review, and providing recommendations for
future efforts.

3 METHOD

The study adopted a mixed-methods approach, contpiekpert interviews with bibliometric analysis.
Firstly, a bibliometric analysis was employed tentfy research trends in river restoration under $CP,

as reflected in both Chinese and English literatS8tbsequently, we carried out semi-structurediges

with SCP practitioners to gather information on theactical challenges associated with the design,
implementation, and evaluation of restoration prtgje-challenges that scientific publications do not
typically unveil. The bibliometric analysis was cltted using CiteSpace, a Java application for kenye
mapping, to examine scientific publications fronil2Go April 2023, through keyword frequency stitist
and clustering. CiteSpace visualises the resedrabtisre within a specific domain by creating ctation
networks and keyword clustering (Chen, 2006). ThebWif Science (WOS) was selected as the literature
search engine, and both the WOS Core Collection $&O) and the Chinese Science Citation Database
(CSCD) were used as data sources, for their ataitivg journals, publications, research field aintketspan,

as well as for their compatibility with both Chimeand English literature. The CSCD contains Chinese
literature with translated titles, authors, keywsehd abstracts in English, facilitating a furtbkgamination

in combination with English literature. We usedearsgh query with the following criteria: TS=,Sponge
City" AND TS=,river®, DOP=all years (1900-2023), selting in 333 pieces of literature published bete
1999 and 2023. Of these, 210 were from the WOS@@,187 were from the CSCD, comprising various
publication types such as articles, meetings, vesjidooks, and early access. After eliminating idapds
and irrelevant documents, 272 relevant records wbtained, comprising 153 from the WOSCC and 119
from the CSCD. These records, published betweef aadl 2023, were extracted for bibliometric analysi

In the second step, from 2020 to 2022, we conduotedsemi-structured interviews with urban plarmend
landscape designers actively involved in the SCies& individuals, based in Beijing, Guangdong, and
Sichuan Provinces, provided their firsthand expegs related to specific urban river restorationjguts.
We thus gained insight into the challenges theyentered in the field through content analysis mésh
(DowneWamboldt, 1992). We then compared the findings ftbeninterviews with the analysis of scientific
literature, interpreting them through the lens &3\ Finally, by synthesizing expert perspectiveth whe
results of the bibliometric analysis, our studyeo#fd practical recommendations to bolster the éutur
management of NbS for urban rivers.

4 RESULTS
4.1 Research Trend of River Restoration under SC

41.1 General Trend

Out of the total publications analysed, 228 wergral articles, 27 were conference proceedingsyédré
review articles, and 4 were early access publinatid@able 1). From 2015 to 2020, there was a ctamgis
growth in the number of publications, with the peaknber (58) recorded in 2020, accounting for 218%
the total 272 articles. However, starting in 20@ire has been a decline in the number of puldicatiln
2021, the number of publications dropped to 407%#of the total), followed by a further decrease3®
publications (12.1% of the total) in 2022. In 202@til April), there were only 3 publications (1.166 the
total), but this number is incomplete as the yeaitill ongoing.
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In summary, the trend shows a growing interestiver restoration' and 'SC' research from 20150202
followed by a decline in the number of publicatidnem 2021 onwards (see Table 1 and Figure 1). The
research domains related to 'river restoration' '@ cover a wide range of disciplines, reflectthg
interdisciplinary nature of these topics. The Sceeand Technology domain was the most dominank, wit
263 publications (96.7% of the total). Within tlhismain, the research areas of Environmental Scsemce
Ecology (39.3%), Construction and Building Techmgi¢28.3%), Engineering (25%) and Water Resources
(22.8%) were the most prominent. The Technology alopaccounting for 55.9% of the total publications
emphasised the importance of technological innowatiin fields such as Construction and Building
Technology (28.3%), Engineering (25%), MaterialseSce (2.6%) and Computer Science (2.2%). Life
Sciences and Biomedicine involved 112 publicati@is2% of the total), indicating the connectionvizesn
river restoration, SC construction and the livinmirbarily aquatic) environment. Research areashis t
domain included Environmental Sciences and Ecol@§y3%), Biodiversity Conservation (1.5%), Marine
and Freshwater Biology (0.7%) and Public Environtaeand Occupational Health (0.7%). The Physical
Sciences domain included 92 publications (33.8%thef total), highlighting the relevance of Geology
(8.5%), Meteorology and Atmospheric Sciences (2,6@)eanography (1.1%) and Physical Geography
(1.1%) in understanding the physical processescied with river restoration. The domains of Astsd
Humanities and Social Sciences accounted for 7igatlins (2.6% of the total) and 4 publication$¢.of

the total), respectively, indicating relatively $esonsideration of social and cultural aspectieniterature.

Theme Results

Year of study 72.1% were published from 2013 to®@2.9% were published from 2021 to 2023

Article type 228 articles, 27 meetings, 17 revietickes, 4 early access

Article language 153 in English (WOSCC); 119 inrigise (CSCD)

Research domains 96.7% Science Technology, 5588rblogy, 41.2% Life Sciences Biomedicine, 33.8%gskital Sciences, 2.6%
Arts Humanities, 1.5% Social Sciences

Research areas (top 10) 39.3% Environmental Saekeelogy, 28.3% Construction Building Technolo@s.0% Engineering, 22.8%
Water Resources, 9.2% Science Technology Otherc$pBi5% Geology, 4.0% Energy Fuels, 2.6% Architegt
2.6% Materials Science, 2.6% Meteorology Atmosgh8diences

Table 1: Summary of the filtered 272 literature

Publications Il citstions
Fig. 1: Number of publications and citations pearyieom 2013 to 2023

4.1.2 Keyword Co-occurrence Analysis

A knowledge network was constructed based on kegworoccurrence analysis using the top 36 caladilate
keywords. This network is visualised in Figure Zhere each node represents a keyword. The most
frequently mentioned keyword was ,SC* appearingl2d® articles. Other notable keywords included
.Climate change“ (24 articles), ,low impact devetognt (LID, an approach to land design that usesrakt
features to manage stormwater runoff)” (29 articlesrbanization* (22 articles), ,model* (14 artes),
Jmpact” (20 articles), ,system* (19 articles), ggtnwater management” (14 articles), ,performanck? (
articles), ,management” (24 articles), ,runoff* (Hsticles), ,urban“ (12 articles), ,SC constructiof16
articles), ,water quality* (10 articles), ,challegy (11 articles), ,China“ (11 articles) and ,landeai (9
articles). These keywords suggest that the resdamlses on the potential of restoring rivers tdrads
challenges related to climate change, urbanizaiod stormwater management under the SCP. The
prevalence of keywords such as ,model“, ,impactystem®, ,performance”, and ,management” indicates
an understanding of the functioning, effectiveness&l optimization of the river restoration process.
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However, there seems to be less emphasis on tleesivatl perspective, as keywords such as ,catchriént”
articles) and ,river basin“ (6 articles) appearessl frequently (see Figure 2).

During the early stages of the research, partiguéaound 2015, the primary focus was on understayithe
“SC” concept and controlling urban runoff, e.g.|CL. Between 2017 and 2018, several keywords gained
prominence, reflecting a shift towards practicapeats of river restoration. These keywords included
Jmpact’, “SC construction”, “stormwater managenieriperformance”, “model” and “land use”. This
suggests an emphasis on understanding the read-maplications and practical considerations invdiwe
implementing river restoration projects in SCP. the field progressed, there was a growing inteirest
exploring the context of ,climate change” and ,umtzation”. Around 2021, the emergence of the keylsor
.ecosystem service", ,quality’, and ,green infragtture* was observed, following “management” and
“system”, indicating the latest recognition of tregulating, supporting, provisioning, cultural egstem
services that rivers provide and the aspect ofr tlegig-term governance. This shift highlights a ke
understanding of the social-ecological interactiohsurban rivers and their potential to deliver tipié
benefits as an NbS

Furthermore, the top 6 keywords with the strongéation bursts (see Figure 3) provide additiomaights
into the temporal change trends of hot keywords:

e “Ecological restoration” (2016-2019, strength: J.58ggests a focus on the improvement of river
ecosystems during this period, reflecting an emighl@asrestoring the natural state of urban rivers.

* “Water ecology” (2017-2018, strength: 1.84) hightig the ecological dynamics of freshwater
systems, indicating a growing interest in the ipleey between hydrology and ecology.

e “Urban flooding” (2019-2020, strength: 2.15) emetges a significant concern, reflecting the need
to address flood risks in urban environments, irctviniver is often considered an infrastructure.

* “Challenge” (2021-2023, strength: 2.27) indicatiest tresearchers are now focusing on identifying
the difficulties and obstacles encountered in inm@eting river restoration initiatives under SCP.

e “Quality” (2021-2023, strength: 1.98) and ,Ecosyst&ervice* (2021-2023, strength: 1.98) show
increasing study numbers in the multi-dimensionatomes of river restoration, such as improved
water quality and the provision of multiple ecosystservices.

The analysis of citation bursts and the temporahge trend reveals a transformation in researalsfouer
time. Initially, the emphasis was on flood risk iggition, but there has been a subsequent shiftrtsna
more comprehensive understanding of rivers as dynaocial-ecological systems. This shift further
addresses the emerging practical challenges i mestoration projects and the need for sustainable
management.

urban flooding runoff
urbanization  china green infrastructure
city .
etosystem service low impact development
urban construction z X
conservation river basin
i i area
sponge city construction mbdel
- .. «catchment
land use eponge city L
climate flood risk water quality
adaptation agement
climate change water, stormwater management
Stem ®
water ecology
challenge water mar sim

- 9

= Hrainage quality flood risk management

i drainage system perforrnance

= impact

Fig. 2: High-frequency keyword map, based on tequdency and patterns of co-occurring keywordseénliterature. The thickness
of the rings within each circle reflects the numbgpapers within a given time frame. The colouttaf rings corresponds to the
publication time, as indicated by the time bahattop of the figure. The links between differeaywords indicate co-occurrence

within the same papers.
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Keywords Year Strength Begin End 2013 - 2023
ecological restoration 2016 1.53 2016 2019 —
water ecology 2017 1.84 2017 2018 s
urban flooding 2019 2.15 2019 2020 —
challenge 2018 227 2021 2023 —
quality 2021 1.98 2021 2023 —
ecosystem service 2021 1.98 2021 2023 —

Fig. 3: Top six keywords with the strongest citatlursts.

4.1.3 Cluster Analysis

We applied the log-likelihood ratio (LLR) algorithta group the keywords which are closely relatedne
another and identified five distinct research @ust(Figure 4). The cluster modularity Q=0.6009 and
weighted mean silhouette S=0.7885 indicate thatlingter structure is significant and effectiveblideates
the boundaries of research directions within tHfegeclusters. The silhouette value provides a ttative
measure of the coherence and separation of theerdu&eywords within different clusters are sulssly
summarised into specific research themes (TableSggcifically, cluster O represented urban flooding
cluster 1 focused on SC, cluster 2 dealt with stemter management, cluster 3 highlighted low-impact
development and Cluster 4 addressed flood risk.oMeelapping key terms indicate shared researcledpp
particularly in the domains of hydrology. This damattributed to the interdisciplinary nature & freld and
the need to address different aspects of riveprasvn simultaneously. Additionally, the citatioetwork
structure might have contributed to the overlappirmes, with influential papers shaping multiglesters.
The interconnectedness of the five clusters alggests that they are part of a larger researchefnaork
tackling common obijectives.

Cluster 0 (silhouette value=0.70), with an avenaglelication year around 2016 (Figure 5), focusedidyan
flooding and the application of the Storm Water lbgement Model (SWMM; e.g., Kong et al., 2017; Luan
et al., 2017) in SC. Key terms included ,urban éiog"“ and ,LID practices“. The milestone papersXig,
Zhang, et al. (2017) and Xia, Shi, et al. (201A)estigated urban water regulations facilitated & S
construction and proposed an integrated approaahcttimbines green infrastructure, such as rivaked
and wetlands, with grey infrastructure. Seeing S@ aybrid NbS, technical guidance was made (J&h et
2017), and the combined effectiveness was assgsamtdy et al., 2017). Luo et al. (2021) took the
Shenzhen-Shantou Special Cooperation Zone (SSCZfase study, identifying riparian areas as eccibg
buffer zones with higher flood risks and lower liegsice to engineering solutions. They proposedorias)
them to act as natural sponge bodies that coutdttafely mitigate urban floods (Luo et al., 2021).

Cluster 1 (silhouette value=0.81), with researcpeps published on average around 2016, focused on
sponge techniques for sustainable urban developidegtterms included ,SC*, ,LID", ,total runoff canol

rate" and ,water system“. Zhang et al. (2016) asatlythe SC concept from an urban hydrology perisgect
and proposed designing flood prevention measurtreeaiver basin level and connecting rivers arkedato
enhance overall drainage capacity. However, Qiad. €2020) contended that the SC initiative shawdtbe
classified as a LID program since conventional grdgastructure remains a significant componenttsn
implementation, and there was limited space in @ohgChinese cities and an absence of documented
efficiency for green infrastructure (Qiao et abD2B).

Cluster 2 (silhouette value=0.71), with an averpgelication year around 2018, focused on spec#sighs
and impact evaluation for urban river systems ammstvater management. Key terms included ,stormwater
management®, ,uncertainty”, ,rainwater zone", ,dgsiecology” and ,stormwater quality and quantitfhe
article by Zhang et al. (2014) identified the eféeof urbanization on the hydrological regime, utthg the
degradation of river ecology, straightening andncigdization of rivers and covering or transformpmnds
and streams. Booth et al. (2016) and Walsh et280%) further suggested identifying the Urban Strea
Syndrome (Wantzen et al., 2019). Liu et al. (20&xplained SC construction guidelines, addressieg th
protection of natural ecological features, suclwasands, the maintenance of natural flow reginfasvers

and the reduction of impervious surfaces in rivedd Li et al. (2019) proposed an evaluation systean
quantifies the environmental, economic and soogmleffits of different combinations of LID units f&C
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construction, incorporating indicators such as watentity, water quality, landscape and ecologsealice
functions. Using similar methods, Mei et al. (20B)aluated the cost-effectiveness of Gl in urbahise
watersheds for flood mitigation under SCP usingWiMM.

Cluster 3 (silhouette value=0.79), with an averagelication year around 2018, delved into the oflever
restoration in adaptive urban development facimmate change effects. Key terms included ,LID", wio

& city planning®, ,urban rain island (a phenomenionwhich precipitation levels in urban areas amghbr
than those in the surrounding suburban areas)fsfamt pipe drainage” and ,drainage ratio®. Jiah@le
(2018) examined the root causes of the vulnerghititurban pluvial flooding. Traditional approaches
managing urban rivers, such as channelization eeahihg, were insufficient for tackling current dbages
(Chan et al., 2018; Wang et al., 2018). Chan ef28l18) suggested that the SCP offered opportsnitie
protect rivers and other inland water bodies whdkaling with broader environmental issues. More
integrated and localised (Nguyen et al., 2019) Jasel guidance and assessment tools were recommended
(Chan et al., 2018). River“s role in urban heatustin in the SCP was underlined (Nguyen et al1920
Furthermore, developing urban drainage systemsedegdconsider factors at the watershed scale (&lguy
et al., 2019) and safeguard the watershed's ityeagnd the health of water resources (Li et al1, 20

Cluster 4 (silhouette value=0.72), with an averpgblication year around 2016, emphasised an inegra
flood risk management approach that included pets@s from society and decision-making processes.
Key terms included ,flood risk", ,perceptions obfiding“, ,guideline” and ,integrated water managefie
Using Wuhan as a case study, Shao et al. (2019)iegd the impact of urban impervious surface cayera
on hydrological processes and monitored intercamedearban watersheds by calculating impermeability
ratios. It also highlighted the absence of intezptatecision-support information. With a social syrwVang

et al. (2017) discovered that the public predomtigaregarded incomplete drainage systems as the mai
cause of urban flooding, while impermeable surfagee considered less significant factors.

By analyzing the characteristics of each clustergain a general understanding of the temporauéool of
research topics related to river restoration and @Gsters with an average publication year aro20t6
(Cluster 1 and 4) primarily concentrated on hydgatal subjects, such as LID, flood risk management,
urban runoff and water systems. In a contrastinig, shusters with an average publication year ab@018
(Cluster 0, 2, and 3) redirected their focus towambre detailed issues, including river design ripan
planning, drainage management, climate mitigatiuth specific case studies such as the SSCZ. Cotesdruc
wetlands were also discussed in relation to riestaration, and watershed scales started to reatamtion.

. .

o #0 wrban figoding ,
- .

#&flood risk x4
#3 low impagt.development

#1, spofige tity

Fig. 4: 5 most significant clusters and the mosivaciter to each cluster, based on LLR clusteahgeywords

#0 urban flooding

(_x #1 sponge city

#4 flood risk

| HEE |
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Fig. 5. Timeline of five clusters
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Cluster | Size | Sihouette Average| Top terms (LLR, p-value)

ID Value year

0 59 0.703 2018 urban flooding (4.32, 0.05); SWMa3@, 0.05); Shenzhen-Shantou special
cooperation zone (3.77, 0.1); LID practices (30°/'T)

1 58 0.808 2016 SC (16.17, 1.0E-4); LID (5.91, p.abtal runoff control rate (5.75, 0.05);
water system (5.75, 0.05)

2 50 0.709 2018 stormwater management (4.27, OwWkertainty (4.2, 0.05); rainwater zohe
(4.2, 0.05); design ecology (4.2, 0.05); stormwateality and quantity (4.2,
0.05)

3 33 0.788 2018 LID (4.6, 0.05); town & city plangi(4.26, 0.05); urban rain island (4.26,
0.05); constant pipe drainage (4.26, 0.05); drarmagjo (4.26, 0.05)

4 27 0.724 2016 flood risk (6.02, 0.05); percemiaf flooding (4.81, 0.05); guideline (4.81,
0.05); integrated water management (4.81, 0.05)

Table 2: Summary of cluster size, silhouette vahwerage year and top terms of each cluster
4.2 Practical Challenges

4.2.1 Knowledge Gaps and Spatial Inequality

The bibliometric analysis indicated that the sutgeelated to ecological restoration had gainedngrence
since 2016 in scientific research. However, thelifigs from the interviews revealed a gap in prattic
knowledge, with conventional methods such as rigkannelization and dredging still being widely
implemented in river restoration efforts, despiteit inadequacy in addressing complex water managem
issues (Chan et al., 2018; Wang et al., 2018). Mawsr restoration projects simply dredged the rive
channel—removing sediments and debris from the'lveg—to tackle issues with black and odorous water
bodies. This method is often implemented by thall¥¢ater Resource Bureaus, reflecting their enginge
centric tradition and lack of ecological knowledgs,river dredging can harm the ecosystems by tiag
aquatic life and destroying natural filtration lag¢hat are essential for maintaining potable wagserves.

Furthermore, the interview analysis highlighted thallenge of convincing local government officiads
allocate space for floodable riparian areas iresjtiwvhich would benefit biodiversity instead of |tiurg
higher concrete embankments. This process canntbe-cdbnsuming due to the knowledge gap among
government officials regarding river-floodplain sm®ms. An example is the ,river restoration* projéct
Dali, Yunnan Province, China, in 2020. Despiteais) to control mudslides, the project resultedhia t
devastation of the natural riverbed and riverbamough the encasement of 18 small rivers in coacret
Although the project faced public criticism and hedkntually been interrupted due to media presshiese
rivers in Dali remain channelised.

This phenomenon also presented a spatial inequatipng Chinese cities. Practitioners widely beliethet
river restoration efforts under SC construction hedle more progress in China's first and secomdtities,
primarily located in the eastern and southeasteastal regions. These cities, such as Shenzhew, hav
superior economic performance and a higher stanafdiding, as evidenced in the case study by Luale
(2021). Conversely, third-tier cities, particulatlyose in less developed provinces such as Yunmdhei
southwest, experienced more frequent channelizatiativers. These cities, with smaller populaticarsl
lower economic output, often rely on traditionalgereering approaches to SC construction. This alpati
inequality is also attributed to the knowledge gad institutional path dependency of local govemisie

4.2.2 Inadequate Evaluation of River Health and Faileg Rfodels

River health assessment within the context of t6® &as not been a primary focus of scientific nefea
Rather, most scientific tools have been geared rasvaappraising the cost-effectiveness of green
infrastructure, as evidenced by Mei et al. (208milarly, investigations such as Li et al. (201#ve
mainly focused on the various benefits of comborai of LID units rather than examining rivers in
isolation. Regrettably, despite the pressing newditf a proper evaluation of the health of riverfser
restoration has yet to be established. China esiiglol standards for surface water environmentdityua
2002; however, the absence of biological indicaterglers the current physical and chemical meagurin
methods insufficient for comprehensively assessirgy ecosystem health (Cao & Wantzen, 2023).
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In a groundbreaking move, the Chinese Ministry ait®¥ Resources released the ,River Health Evalonatio
Guide" in 2020, which united multiple performanoéicators, including water quantity, quality andlbgy
(such as invertebrates, fish and aquatic plangsjyedl as social service functions, to assess theatl health

of river systems. This initiative was widely propsgd to governments at all levels across the nation
Additionally, beginning in 2019, the notion of eggical flow was instituted into policy. The YangtRever
Commission has, therefore, established ecologioal fargets for important rivers and lakes, anditined

an ecological flow rule platform to ensure thoseers do not dry up during droughts. However, urban
streams are rarely addressed. The financial buodeconducting regular river health assessments has
hindered progress; applying the ,River Health Eatibn Guide” is not yet standard practice underS@.

Practitioners from the private sector also shekt lan the dearth of a well-defined business styategthe
PPP model in SC funding (Wang et al., 2017), ndisténding the endorsement of it by the central
government. In recent years, private companieger@ually distancing themselves from investing @PS
due to the lack of immediate financial benefitscélogovernment investments and debt issuances lgecom
the only funding sources for current SC constructibhe obstacles associated with the PPP modeireonf
those identified in prior research on obstaclegh® Chinese PPP model, notably cost overruns, time
overruns and wrong expected return (Bashar e2@21).

4.2.3 Fragmented River Management and Deficient RiveirBasrspective

River restoration projects posed a challenge, wiiel not frequently mentioned in scientific papeus
extensively observed in reality, on the collabamatand coordination between diverse departmentsvias

in river management in Chinese cities. China fofloavsectoral river management structure, where each
department is only answerable for its tasks: TheirBnment and Ecology Bureau oversees water quality
the Water Resource Bureau looks after flood prmectthe Planning and Natural Resources Bureau is
responsible for land use and the Forestry and FBukeau is in charge of riparian vegetation, wittiel
horizontal connections among them (Shen, 2021)s Ebtup led to conflicts during the river restanati
with each department prioritizing its duties with@my cooperation (Cao & Wantzen, 2023). Nevergle
our interviews also confirmed the effectivenesshaf newly introduced national policy in 2018, knoas

the River Chief System, as a crucial role in resghinter-departmental conflicts and creating arstia
vision for river management (Li et al., 2020; Waa@hen, 2019). Integrated river basin managemerst wa
also found to be a distant goal in China as thedination mechanism at the basin level remains weak
Despite the existence of six river basin committ@eduding the Yangtze River Committee and theldel
River Committee, they are still subordinate to Kiaistry of Water Resources, leaving them with liea
coordinative powers among the upstream and dovamtrgrovinces (Cao & Vazhayil, 2023).
Administrative boundaries serve as the province ity jurisdictional limit in managing rivers, thilittle
motivation for co-managing transboundary riversideein administrative regions. This finding, in afiggnt
with the bibliometric analysis, underscored thesimg river basin perspective in current river reston.

4.2.4 Limited Public Awareness and Participation

The final challenge lay in the public's limited aemess of rivers and restricted public participaiio the
river management process. The public sometimesdfdd view the river as a 'sponge' entity, lackamg
understanding of the river“s flood mitigation caacThis finding was in line with the social sugvessults
of Wang et al. (2017). Conversely, the public'sestations of SCP were found to be excessively istea!
with many erroneously believing that it could eglffrresolve urban flooding issues. When the Zheogzh
flood disaster struck in July 2021, the public ttiticised the Zhengzhou government‘s sizable stwent
in SC construction, which still resulted in hugedifl damage, leading to scepticism about the SCepdnc
nationwide. However, as an NbS, SC needs timenmdstrate its effectiveness, and mitigating flosds
intense rainfall events often requires hybrid meas@Vojinovic et al., 2021). As a relatively newlipy, the
application of SC in China is still underway. Lgstlue to the limited public participation in Chimaurrent
river management scheme, many river restoratiojegi®©do not include societal stakeholders in datis
making. Public engagement is not only under-disediss scientific studies, as revealed by the bibétric
analysis, but also overlooked by practitioners @ &esign. On a positive note, the RCS has created
opportunities for public involvement; despite beiigited, the public can supervise RCs" work, thsre
raising their awareness of urban rivers (Cao & \&amt 2023).
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5 DISCUSSION

Implementing on a national scale, SCP is a maiastreffort by the Chinese government to implemerf Nb
with hybrid solutions, supported by continuous goweent investment. Similar to sustainable drainage
systems (SuDS) and LID, the SC concept is devedppiith Chinese characteristics during rapid
urbanization (Griffiths et al., 2020; Lashford &t 2019). Urban rivers, often reflecting the histal water
city design in ancient Chinese dynasties (Liu et2815), are critical to managing flood risks unthe SCP
(Xia, Shi et al., 2017) and restored by SC consisac(Wang et al., 2016). As revealed by keywords'
temporal analysis (see Figure 3), a growing sdieninderstanding has shifted river restoratiorurom
solely hydrological control to a more holistic apach incorporating social-ecological consideratighao

et al., 2019) and microclimate effects (Jiang et2018), such as heat island reduction (Wang.e2@l8).
This shift emphasises the sustained benefits arurtver restoration, in accordance with the crsestoral
multifunctionality of NbS for sustainable urban d®pment (Nesshover et al., 2017).

However, the successful implementation of NbS imaarsettings faces many barriers (Ershad Sarabi, et
2019). By combining the results of interviews withactitioners and bibliometric analysis, we have
identified several challenges in urban river resgion within China's SCP. The identified knowledgpp
confirms the need to enhance the cognitive cagpaciif local policymakers to integrate NbS into yail
planning practices and associated governance (Véamishl., 2020). In terms of flood management,elie
still a prevalence of engineering mindsets (Qia@let2018) and prioritization of quantifiable otijies
within short time frames (Qiao et al., 2020) inervwestoration projects. This phenomenon manifasts
spatial inequality in Chinese cities, where lesgefleped regions often struggle to overcome path
dependency in organizational decision-making tqpadiinS, compared to their more-developed countespar
(Davies & Lafortezza, 2019).

Although aquatic ecology has been increasingly ersigied in the literature, in practice, ecological
considerations are not always prioritised in rirestoration under the SCP. In Chinese cities, ¢ltoration

of urban rivers is predominantly achieved throuije-specific landscape design (Qi et al., 2021eded
river sites are strategically transformed to magentheir functions for human use, overwhelminglyvisg

as riparian public parks (Liu et al., 2019). Thgpeach underlines the high recreational valuesveis
(Duran Vian et al., 2021; Zingraff-Hamed et al. 120 but the integrity of the river ecosystem, siash
supporting biodiversity, is often not a prioritydalacks proper monitoring and evaluation. In thegléerm,
this may lead to potential trade-offs among thesgstem services that NbS provide (Seddon et &20)20

This study also addresses the common barriers ®uyibake concerning inadequate financial resowaods
uncertainty regarding the implementation proceskedfectiveness (Ershad Sarabi et al., 2019). Whaay
studies have proved the role of private sectorlireraent in ensuring the financial viability of tIis&CP, our
interviews revealed that the PPP model faces dliffes in the operation and maintenance of watejepts
(Liang, 2018). This might necessitate a changéhérmeasurement technique of the cost-effectiveokss
NbS compared to engineered alternatives, partiguiarterms of valuing their significance in addseg
societal challenges (Dick et al., 2019). In 2020in@'s central government introduced the Ecologerided
Development (EOD) model intending to address thdcar issues of inadequate funding sources for
ecological engineering projects and convert enwirental benefits into economic gains (Wang & Han,
2022). The first list of pilot projects, launchedtionwide in 2021, has extensively encouraged tAE P
(Ministry of Ecology and Environment, 2021). Thi©®B model may offer fresh opportunities for refining
the PPP in the context of river restoration in @smcities.

Employing NbS extends beyond a technical issue @edents a new governance challenge. In China,
persistent obstacles arise from institutional fragtation in river management (Cao & Wantzen, 2023;
Ershad Sarabi et al., 2019). Moreover, while efflectommunication, involvement, and feedback aveiat

for public participation in NbS (Ferreira et alQ2D), these elements are notably lacking in therriv
restoration under SCP (Dai et al., 2018). The #ahirepresentation of social science and governance
research in this field also confirms this gap. De#ig collaborative governance for NbS (Malekpauale
2021) that actively involves stakeholders and tidemnsociety aids in understanding the complexityrban
rivers as social-ecological systems (Wantzen et28116, 2019; Zingraff-Hamed et al., 2021). This is
particularly important for restoring the social cestivity of rivers (Kondolf & Pinto, 2017; Wantze?022).
China's RCS plays a pivotal role in this respectbsgigning stewardship to Civil RCs, who often uide
NGOs, experts, and local communities. These gratpivolved in preserving the environmental qyadit
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rivers and providing feedback on the work of thiic@l RCs. This cooperative model (dual RCS) shidug
effectively implemented across all types of urkiganrestoration projects in China (Cao & Wantz2023).

6 CONCLUSION

In summary, the steady increase in scientific paltibns on river restoration under SCP from 20gBaied

a persistent interest in promoting NbS as a ctittenponent of sustainable development in Chinah wi
restoring urban rivers serving as a multifaced N#&8mple for generating both environmental and $ocia
benefits. The bibliometric analysis highlighted the&erdisciplinary nature of these combined tomecsl a
research trend evolving from primarily managingotlarisk towards an integrated focus on aspects afch
ecology, urban planning, climate change adaptateomy methodology of modelling and evaluation.
However, while there was a strong emphasis on ergimng-led river restoration approaches, both the
current research agenda and practical applicatigpiayed an absence of the social science fiekigihs
from SCP practitioners identified firsthand chafjes in implementing river restoration projects unithe
SCP, including knowledge gaps, spatial inequaditgleficient evaluation of river health, unsuccesBfaP
models, fragmented river management, and limiteblipuparticipation. These issues conformed to the
existing obstacles to NbS adoption and mainstregnparticularly the limited acknowledgment of local
policymakers, insufficient funding resources, ptnecosystem service trade-offs, institutionalthpa
dependency, insufficient cost-effectiveness evanatand collaborative governance. In China, theSRC
policy fostered cross-departmental cooperation @pgbrtunities for public involvement in protectitige
river environment. Moreover, the newly establisiidD model could potentially revive PPP models at a
local level for investing in comprehensive rivessta@ation. Consequently, future research and piojec
should pursue a more expansive, trans-disciplinaeyvy, considering urban rivers as social-ecological
systems and encouraging stakeholder and societdl/ament in the long-term management of NbS.
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