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1 Introduction

Water is the source of life, the lifeblood of ecosystems, and a
critical pillar in China’s vision for ecological civilization. Against
the backdrop of intensifying climate change, increasing water-
related disasters, and mounting pressure on the ecological carrying
capacity, we must reexamine the regulatory and supporting
functions of water ecosystems. The time has come to move beyond
rigid, single-purpose water management models and return to
nature-based, ecologically adaptive approaches to building resilient
hydro-ecological infrastructure.

Today, China’s hydro-ecological management faces dual
conditions: urgent issues such as disaster mitigation and pollution
control, and the long-term goal of constructing a Beautiful China.
Central to this challenge is the critical shortage of “four capacities”
of hydro-ecological infrastructure: weak safety capacity leaves
us exposed to floods and droughts; low environmental capacity
worsens the pollution crisis; degraded ecological capacity drains
vitality from water systems; and poor social capacity disconnects
people from water, hindering efforts to improve public well-being.

2 Problem Analysis: Understanding the Crisis
Through the Lens of the Four Capacities

2.1 Weak Safety Capacity: Fragile Water Security Systems
Safety capacity of hydro-ecological infrastructure refers to its
ability and resilience in managing floods and droughts. China’s
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monsoon climate triggers cycles of hydrological extremes. A
healthy water ecosystem requires adequate space for storage

and regulation to cope with both extreme rainfall and droughts.
Yet for decades, reliance on engineered solutions, such as levees,
concrete riverbanks, and reservoirs, has narrowed floodplains and
diminished rivers’ natural adaptive capacity.

Over the past decades, in the pursuit of arable and construction
land, floodplains, and rivers have been filled or reclaimed, drastically
reducing wetlands and flood storage spaces. As a result, even with
unchanged rainfall patterns, flood risks have intensified today. In
cities, conventional rapid drainage approaches worsen stormwater
issues, leading to rain-induced flooding and prolonged drought. A
paradigm shift is urgently needed toward rewilding rivers, restoring
space for water to flow, to infiltrate, and to be stored, while
harnessing nature’s resilience against climatic extremes.

2.2 Low Environmental Capacity: Intertwined Water Pollution
and Scarcity

Environmental capacity of hydro-ecological infrastructure
denotes its ability and resilience to tolerate and recover from
pollution. Water scarcity has long been a constraint on China’s
development, and reduced water availability has further intensified
pollution. Shrinking river flows concentrate contaminants, turning
rivers into stagnant, degraded water bodies and further impacting
groundwater quality.

Large-scale reservoirs and inter-basin transfers have been used
to alleviate water shortages and dilute pollution, but such solutions
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are costly and unsustainable. Projects like the South-to-North
Water Diversion Project relieve urban supply pressures but fail
to address the root scarcity and may even pose new risks to the
ecosystem safety and health.

Meanwhile, excessive groundwater extraction leads to
continuous declines in water tables, vanishing rivers, lakes,
and wetlands, and land subsidence, indicating that the current
supply-driven model is ineffective in the long term. A shift
toward integrated water resource management is essential. This
includes enhanced rainwater harvesting and urban wastewater
recycling to increase environmental capacity to support long-term
sustainability.

2.3 Degraded Ecological Capacity: Over-Engineered Rivers
Losing Vitality

Ecological capacity reflects the ability and resilience of hydro-
ecological infrastructure to sustain biodiversity and perform
ecosystem services. Rivers are living ecosystems, not just drainage
channels. Conventional water management, focused on flood
control and flow regulation, has straightened rivers, hardened
banks, and forced flows into rigid channels.

A series of engineered interventions has severely compromised
the ecological functions of rivers, reducing diverse aquatic habitats,
and wetlands. Accelerated flows and disrupted connectivity
hinder fish migration and plant rooting, causing a sharp decline in

biodiversity and the near-collapse of natural purification processes.

As a result, rivers have become lifeless drainage channels rather
than vibrant ecological corridors.

Restoring the ecological capacity of hydro-ecological
infrastructure requires returning rivers to their natural state—
enabling them to flow freely and rewilding their ecosystems.

This involves reducing concrete embankments, reintroducing
meanders, floodplains, mudflats, and vegetated buffers, and
enhancing interactions between water, soil, and air to support self-
restoration of rivers. Only then can water regain vitality, becoming
the ecological lifeblood of cities and countryside. This is also the
foundation of river ethics.

2.4 Poor Social Capacity: Fragmented Water Ecologies and a
Growing Disconnection Between People and Water
Social capacity refers to the hydro-ecological infrastructure’s
ability and resilience to support social and cultural services. Water
is not only essential for life and production, but also a symbol
and cultural medium—a link between people and nature. Yet
conventional water management often prioritizes flood control,
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water supply, and quality improvement, while neglecting water’s
social values—its role in daily life, landscape aesthetics, and cultural
heritage.

Where water bodies are enclosed and polluted, and riverbanks
are hardened, urban waterways become monotonous, inaccessible,
and in some cases, unsafe spaces. In the past, people worked, rested,
and gathered by the river—but today, embankments keep them
apart. Even where new waterfront parks have been built, rigid
designs and poor accessibility often fail to attract people to linger
and engage.

We must rethink the human-water relationship and reintegrate
water into daily life. Waterfront spaces should be key elements of
both urban and rural environments, offering ecological, recreational,
cultural, and aesthetic values. Only when people can access,
approach, and enjoy water can it become a true companion—no
longer a force to be controlled or feared.

3 Vision: Building Hydro-Ecological Infrastructure for
a Beautiful China

The vision of a Beautiful China is not merely an environmental
goal—it represents a fundamental transformation in national
development strategies. As a core element of the territorial
ecosystem, water ecology plays a vital role in the construction of
ecological civilization. In the face of global climate change, ecosystem
degradation, and rapid urbanization, we must treat water ecology as
a driving force. Guided by the concept of “four capacities,” we aim to
enhance hydro-ecological infrastructure systematically and realize
the vision of harmonious coexistence between people and water.

Achieving this vision requires an integrated approach to
urban and rural water systems, restoring the integrity of aquatic
ecosystems and building blue-green networks. Water should become
the ecological lifeblood, the soul of cities, and the foundation of
rural revitalization. By optimizing spatial layouts at the watershed
scale, promoting sustainable use of water resources, and enhancing
the carrying capacity of water environments, we can revitalize
waterfront spaces and transform lucid waters and lush mountains
into invaluable assets—meeting people’s growing aspirations for a
better life.

4 Integrated Strategies: Four Key Approaches Based
on the “Four Capacities”

In response to the current challenges of hydro-ecological
governance, we must systematically enhance the “four capacities”



of hydro-ecological infrastructure. For a holistic governance of
watershed, this means constructing a sponge system for the entire
territory. The following four strategies represent critical points of
breakthrough.

4.1 Building Blue-Green Infrastructure to Expand Safety
Capacity

We must restore the continuity and integrity of rivers, lakes, and

wetland ecosystems. This requires a shift from rigid, large-scale
flood defenses to a more precise, localized protection strategy—
thus significantly enhancing the safety capacity. Ancient wisdom
from the Yellow River and Yangtze River basins, such as the design
of enclosures and the elevated mounds, offers valuable lessons

for today’s localized, adaptive strategies. Ultimately, solving water
safety challenges depends on optimizing land use patterns. Instead
of battling against water, we should build a sponge watershed and
territorial system.

Modern China has transitioned from an agricultural to a post-
industrial society, with the primary industry (agriculture, forestry,
animal husbandry, and fisheries) now accounting for only
about 7% of GDP. In this context, allowing seasonal inundation of
selected farmland, under the premise of ensuring public safety,
will not pose a major threat to the national economy. This opens a
historic opportunity: through strategic population relocation and
high-standard settlement planning, we can designate floodplains
with adequate space for water, a goal that is both necessary and
attainable.

Equally important is the restoration and protection of widely-
scattered traditional small-scale water infrastructure—such
as paddy pondscapes, low weirs in streams, and village ponds.
China’s vast network of traditional pondscape systems is rapidly
disappearing!". Restoring and protecting these distributed “cells”
of the sponge landscapes can greatly improve flood and drought
resilience, thus bolstering the overall safety capacity.

By channeling the water infrastructure funding more wisely
and systematically—through ecological restoration rather than via
conventional grey infrastructure—we could, without increasing

total expenditures, build a sustainable national-scale sponge system

that benefits generations to come.

4.2 Creating a Dispersed Water Cycle System to Expand
Environmental Capacity
By capturing rainfall where it falls and allowing it to infiltrate
into the soil and recharge groundwater, we create the basic units
of nationwide sponge landscapes—often referred to as “sponge
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soil” and “green water.” These components are the foundation of
terrestrial ecosystems and the micro-scale drivers of a healthy
global water cycle. In this regard, China’s 5,000-year heritage

of adapting to monsoon climates offers a wealth of experience.
Nature-based small-scale water projects, like terraced fields,
pondscapes, and low weirs, can be used to effectively build sponge
landscapes. Successful ecological restoration efforts in the Loess
Plateau provide compelling models for this work. Such sponge
systems continuously feed clean water into rivers, offering a truly
sustainable water source.

Nature-based urban wastewater recycling and reuse systems
are also important. These systems can substantially enhance the
environmental capacity by reducing dependence on inter-basin
water transfers, stabilizing ecological base flows, and ensuring
long-term water quality and quantity. In turn, this lays the
foundation for a vibrant blue-green landscape across urban and
rural regions.

4.3 Restoring Ecological Resilience to Expand Ecological
Capacity

To restore ecological resilience in water systems, we must shift
from rigid engineering to flexible, nature-based restoration—
reducing human intervention and enabling self-restoration
processes. Traditional hard embankments disrupt the ecological
interaction between water and the surrounding environment.
These should be gradually removed and replaced with ecological
slopes, planted with waterlogging-tolerant vegetation that
stabilizes banks and purifies water.

Restoring mudflats and ecological buffer zones helps intercept
pollutants and improve aquatic habitats. When combined with
wetland and eco-park construction, these strategies enhance both
ecological function and livability. Measures such as aquatic-life-
friendly river design, optimized underwater topography, and the
introduction of ecological substrates can promote biodiversity
recovery and strengthen the ecological capacity of hydro-ecological
infrastructure.

4.4 Creating Waterfront Spaces to Expand Social Capacity
Industrialization and urbanization have increasingly separated
people from water, making it urgent to rebuild integrated urban-
rural waterfront spaces that reintegrate water into daily life and
reestablish the deep bond between people and water.
This can be achieved by developing slow-traffic networks
that link rivers, lakes, wetlands, parks, and cultural areas—
transforming waterfronts into vibrant spaces for socializing,
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recreation, and exercise. Design should embrace natural elements
such as terraced revetments, floating wetlands, and accessible
platforms, complemented by shading, seating, and lighting, all help
create comfortable, inviting environments. Revitalized waterfronts
can also incorporate ecological restoration through wetland

parks, water forests, and water-themed events—strengthening
community cohesion.

Reviving water culture is of equal importance. Restoring
historical elements like old docks, stone bridges, and wells adds
local character to the water landscapes and reconnects people with
the cultural legacy of water. By optimizing waterfront environments
and making water a tangible, experiential part of public space, we
can create healthy and beautiful rivers for all.

5 Conclusions

Centering hydro-ecological infrastructure on the “four
capacities” provides a scientific and actionable roadmap for
building a Beautiful China. In the context of climate change,
ecological degradation, and water crises, we must move beyond
rigid, conventional water management models and embrace
nature-based solutions to build resilient landscapes. Through
strategies like making room for water, promoting decentralized
infiltration and storage, softening hard infrastructure, and reviving
human-water relationships, we can systematically enhance the
safety, environmental, ecological, and social capacities of hydro-
ecological infrastructure—laying the foundation for long-term
human-water coexistence. This transformation requires not only
technical innovation, but also shifts in governance, administrative
functions, and public mindset.

NOTE

This article is adapted from the author’s keynote speech at the plenary
meeting of the Scientific and Technical Committee of the Ministry of Water
Resources of China on February 28, 2025.

Competing interests | The author declares that he has no competing interests.

VOLUME 13/ ISSUE 2 / APRIL 2025

008

REFERENCE

(1]

Yu, K., Jiang, Q., Wang, Z., & Li, M. (2015). The research progress and
prospect of Bei Tang landscape. Areal Research and Development, 34(3),
131-136.



https://doi.org/10.15302/J-LAF-1-010044 WimEER | 2025-03-01

FFIHH | 2025-04-08

FESES | TU8S EMFRAG | C

A “AERT WD, FEESE a0 E KA S5 6l 3 i

L

ERAZFRASRIIKITFE, LR 100080

wiE T

1515

KRR, RASRGEMMAK, H= e b B A 0 S
o AR RRAURASITRD . PRI E K B 2 08 . A SRR 2
Wi A PR AY I 5T, A B AR S R SRR SRS, &
g £ — WIPERIAREE, B AR N AEZS, s Sr HATEITERY
KA SR B -

5 A KA 2 PR B A A S B IR T T A, SO AR 5
R A ROk FL AR o FRATT THT If A9 A% o Bk A3 T U1 45 DR 7K A 25 R
B PO BTN R —— e R AR LR IR AR 8 2 K
TR, BRI AN TS R INEE, ESFREKIKRRE
TGy, Ak AR A AN LK AR S S AR ROR BT, ML LR 2
A

2 WA 25T “PUAERT AR RTKRA SR BN B

2.1 RRBFRWNE: KE2BRMSE, HKTTBRGER

K AR 25 BN 14 22 42 25 i LT BB RCH Y RE I AL
A KD SE T K 9 Y LIRSS o AR K AR S R G A 4
FE R EE A ], LAR6E AR e B AR 3 T SR A XU B i . AR, LATE
AR K S B A TR SR L . 6 gy 12 MK P 2 TR G, R R o 1T 30

ERIEE

ik ERMIERRARNIEAE127- 15 ARZE
501%

BB4m: 100080

#BFE: kjyu@urban.pku.edu.cn

) H AR =
KA HE

W ETRE, BATERB A A, B iE R A
B, R . BOKIRE 2 RIRIRAR . i, BIAERE KGR B R
A, BEOKGCE R F . kTR, ARgTag PRk B
J T R, SEC MY AR o A A, il
KA R ZE RSN B iE . BE, LURANTE R 30 I X g
A, BN S ETIR KA R OCHE

], AR AR R IR, SRk TN AR L et

2.2 A RAR : KIGRGKER SR, KU L&A RRE

Wikk

7K A 2 A it 114 PR 7 A R SZ K 5 Y Y RE D R M o K B
Jfil B Ry R R AR, T A R v D B IR T K G )
VEZ T R R Wi 05 B VR BE T, KRR SRR “BEK” , Jf i
— AT KK

HET, 102 Hi DX AP AR A RIS ) A I3 8 85 R i85 3 30 7K R 4% fit /K
BEIR LR, Il X S AR AR RS g o AR, kA A
g, HICHEMARAS g mp 8, fian, mKd6 i TR AR 2 A T b
Jr IR K fE AL, (HIFASBE R K B IR AS B (R i, 28 AT e i
25 FR G0 1) 4 4 RV B J v A SR

SR, o B ISR R K R BOK A RS2 T R, T A A T

LANDSCAPE ARCHITECTURE FRONTIERS / EDITORIALS



I, HEGUR MR TSR R E . XA “PKRE | WK rgie
MELL A4 o FAT0a 200 57 AL GE R B — Rk J7 3, e i K BRI B B
X, RIFFRAEE S FIHRE ST, FEO0 T A MR FR A K BEIR, ok 36
S, SCBUK BRI HFSE A H o
2.3 BB ARL: MRgOd R TR, KRRBLEWEN

I Az 75 R Rl it 19 A 2 A R A LR A8 A o A 25 T R Y E ) R
Yo WA A HEAK SRS, MR — e TS RS, R
M, SRR 7K 7 AR A A kK L 48 Bk & B AR, R B o i)
B IREBETIRIE, R mibE A RS O, 8 KR LU — R B

— I T AR BIGE B R BIR TR B A 5T RE . A Z R K
A AR SRR L SR A R, MR AN U T AR I R e K A R, ]
TIESNEAZ B, MATCIEME, AKARYICEILR, Y ZREvE IR,
IKFER AERE LT . R, PR ST A ALE RS AL, T
Jh Z T HE LAY HEK A E o

BRI K AR SR i) AR A A, AR [0l B AR —— A
FoA sy AR, JfF-rRERAE . i, KGR, KR T |
Pz X TR SR vhal?, HOIOKAR S L dE . S A RSCHE., 2T
W A REE R T MEA A, KA RRM K A, BT R S M AR
IEPIA REhfy ERMAK” o X WIER S BEAY SR .

2.4 HEARRZ : KESHHH, NSKEEKRH Gz

IR Az 25 FE R Bt A9 A 23 A AR R B0 2 M SCAR IR 55 /9 BE ) R
Peo AKABURAEZI A= 50R, BRI B MRAE, A5 A
SRR . SR, AR GER KA BB G TE TRt - K ADK BTk
b, WA T KEFE SO A, BIRXEARAGE | 53627 KO AL 7K i
HEAEH

MOKRBEIN . 755, KRS, Sk R A K B AR T
R AP AEAE, R SETRARET o a2k, AMITEIL ST
B REL. Ry, WA MPORIERRR . RV — 280 DR 1 K A b
WHBTHE . SRR, HELLEIEWSIANTIER .

FANTFT LI EE NGKARFR, KR EIEMANTRAN . 5
KA A LSRR 5 & R R BB AR oy, B A ds . Wei . SCe AR
KRB SFZEIRE, MRRATLEK, Tk, K, iKEIER N AZE
MIA, MARBOREE | piREny “HE

3 HbnIE s 4738 32 M b KA AL R B it

SN E B SN DU PR AR B bR, SR — IO [ 5k S 7
AR ARG TR, KAEABENE L ESRERZOER, A

VOLUME 13/ ISSUE 2 / APRIL 2025

SRV AR SRR T . T Ak AR A | AR S R GER AL AIIR T Al ik
FEMTRAEPRA, FATLA LKA LIS T, L AR A5
G, HESNKAEZSEERR B R GRS T, SIS K A LA A G i

] Ja 5t o
X — Hbr, WEEFEINS KRG EB, WEKESRERE

e, MEEIE SaE M, KOS T2 SRR
Z 3k R AT S (B RS JR L (R K SR A AT R SRR L 4R T
WIRREEAE ST, FATREW T I & ok =3 6], LK L HIEF L 4
R, 2 N RO S A T A I oK

4 ZEIRBIRIG . DL “TUAA R O EERERYT PR SR

TN 2R KA IR BEAY PR A, FRATTTE 2 R GUIE SR TH K AR 2 Al 1t
B PO AT, R ECR R B FA R L, R Y [ T A
RYE. VLT USRS S I S

4.1 RSy, MiEaR RS NRAESIER Ve, PR EZ AR

PRE W . WA A S R GRSk S e s, ARE SR K
B, AT BT E 0 R R R 3, AR T L 5 . BT R ORI
KITHI T E AR AKE R & (R, 35t ) . AT aRAT4 K=
bR VR S W B2 (B4 8 o 7K %2 A ) B AR A figt pie 22 3 7 T i M 2 TR
(AL, RATEE “ AKMIS" BGBRRat, S i 48 1k 0 i s [+
K&

MA T E O NEGER A STAJG TALEHR, 5E—r=lk (RMRHE
W) HGDPRYHECFERT% A . TEORBE A RAE ATV 7 2 2 R i T
B L0 434 T A 254 P 98 8 8 S 0 ] R 0 o i KB . IR
NPT IRAEAL & SR ) Dy s PEALIE , S A DA R 52 E, Bk
P2 XA R, bR BRI 0 SR ok 2 A as i), ik B R as ], i
PiE =

[, AWK E IR Y o A )12 B AL GE /N RU K R Bt A
B OBRWAGE . MEIEK RS o E R A AR S R G A
Ko, e AR s E A i T L T R R T
SRR e ) AR A

A BN BUA AT LA KR TAR 9 4 R 2R | O R GE B ) A A S TR Y
B SEE, RLg K ERRIERYgE, JOFRNE AR A, IR
PR HELL . AR A RS R E R4 R4

4.2 sriiBE, WAIIBGABENUKIGIARS, RIMASEA R
Bk BBE , LN AR E, AT A e TR, A
e [E L AR T, WK R A1 CgoK” o BEAEREL



ARG AV PIRAFTAE , 02 23 o BRAKAE P 5 fr) fO08 5L il
FEIXTT I8, T AR R ZE KU R B AR T R R A il S
T ASRA/INRDK A TRE——nh I Bl R S —— T 50k it 4
o b o e ) A B SR S 001 S i A b sk B B A T
AR o X8 I AR B A T U AR AL IR RN T AT T, X AR LR AN
iy KR

FIREE L, 3T AR RIS K B AR R R &=, AT K
PETHIT P RS i, D B R R K B, R AT A A
T, PREEK 5K M T REEE, B2 i 4R sc 4L TR SE I Ik
Z KA T

4.3 BBidE, WEKRRLEEWMNE, RealEaR

PRE TR B EZSTINE, TN “WIEIG B 0 “ErEBE” A8,
AT, KRR ARBERNGES . RS RRE B R BIR T KR
5B A AL A 6], R AR s S A A G, TR
TR AR, DARRIETAT S | Ak o

PR WETR MAE S G2 oty , ANUREEAIRTT 4, b RESY 5l UK A A 58
o SR RSN AR, & AESBE S N E IR T AR
Bo I AHEK A AP AL R . UK R L SIAES R, A
B TAEY Z RV, SR TR A SRR Bt i R S A

4.4 H5KNMKE, FTEFRKDEN, RIESER

TAr AN ARG K R 5 H WA H AR, A AN S —
RS ], LK AT B AR, BRSNS TR &

T UK AT, R . A PRSI, FDREK
FeAb At sg | PRIR A B B EE A [], FR TR R o SRK B R H
FARIEBETT, W bR . AESTR R AOKF &, JFECEE . A
MBS0t , P e O 5 il T R KR 2 ) B3 At mT 5 A B A
45, FTEMHARE . K B, IFITEAK LIRS RSO REE, MR
FEIXBER T o

IKSCAC B XA R R AR 2SS, Wk . A KRS
Dy #EER, 375 WA MR G K SO, AR AT E B2 K B g
53OS o KR IR, KO AT il T A A R i, B SR
G IR A ST TR IR/ A

5 45tk

PL PO DR 0 A 7K A SRR Tt #2256 o o el A s i 3
TR AR AR S B R o AL AR AR ROK BHRAE ML, FAT

WA FAL G WP AR, Fem 2T A AR TT %, Mg I
do G RERBT . MR E . BRI SR N, RATRER
RGNEH R TR A SR BN ) 2 i . MR AR AR SRR
i, SEHANGKAANEIE A o B IR K B R AR A
FORMAE ROt H T BT BUPURE At e R UL ) 587

iE

RIREFE 20252 28 BHEAF BRI EZRAZRE2 RN EITHA SEIEMA .

011

LANDSCAPE ARCHITECTURE FRONTIERS / EDITORIALS





