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Zhuozhou, eight months after the flood.
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INntroduction
Halhe flood 2023

Over 13 billion euros property loss :
5.2 million people suffered from floods
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North Juma River bank, heavily damaged road, Zhuozhou [ree roots hanging on electric wires, Jinghari district, Tianjin Villagers rebuilding homes, Sugiao down, Bazhou
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Problematization

Air Pollution

Beljing

Polarized Development
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Introduction
Problematization

Landscape fragmentation | ecosystem degradation
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The ongoing construction in Xiongan New Area exemplifies the rapid urban expansion in the Beljing-Tianjin-

Cropland change 1985-2022 (Data: OSM, Jie Yang et al. (2023). 10.5281/zenodo.8176941)
Hebei (BTH) metropolitan region, driven by China's strategic initiatives to decentralize Beijing, promote regional

integration, and develop new economic hubs. L Persistent
Increasement
] Decreasement
] Waterbody
Waterway

--------- Administrative boundary

O

0 10 200 km




INntroduction
Problematization

Hydrological fragmentation | water hazard exposure
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The South—North Water Transfer Project, a major engineering endeavor diverting water from the Yangtze River
Basin to alleviate northern water shortages and support urban growth, significantly alters the hydrological system
and causes ecological disruptions and reduced water availability in source regions.

0 10 200 km

The altered and fragment hydrological system of the BTH region (Data: ASTER Global Digital Elevation Model, GHS
built-up surface, OSM)

[l Engineered waterbody (canal, reservior, salt pond, etc.)
Built-up surface

] Waterbody
Transportation hetwork
Waterway
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INntroduction
Problematization

Morphological fragmentation | social segregation
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A typical village (left) compared to Xiong'an (right) highlights the stark development imbalance in the BTH

Disconnected and fragment morphology (Data: ASTER Global Digital Elevation Model, GHS built-up surface, OSM)
metropolitan region. This imbalance can lead to social segregation by exacerbating economic disparities, limiting Well- ,
access to urban amenities for rural residents, and concentrating wealth and opportunities in urban areas. éll-connected area
l Poorly-connected area

Built-up surface
] Waterbody

Transportation network

Waterway
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Problematization

Problem Statement
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Fragmentation ->
Incapable of effectively addressing water-related socio-environmental challenges ->

Biophysical and social vulnerabilities




Introduction
Reseach question

How can a paradigm shift towards water resilience in the development of territories-in-between help
alleviate the spatial and temporal disequilibrium of water resources in the Beljing-Tianjin-Hebel (BTH)
region, while simultaneously sustaining environmental justice for its inhabitants?
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[ree underwater. Yesterday s land became today

Analysis
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Analysis
From drought to flood

Water cycle in the Haihe basin

Taihang Mountains Guanting Reservoir Beljing Hebel Tianjin
1500
ieco ._._..-~-~...._._... ...\ 4 _—_NAAJN
Dam
500 A N— | |
| | T Canal S © ¢ Canal . Canal o Salt pond
Natural water resource of the BTH region, 2022
(Data: China Water Resources Bulletins, unit: 10°"8 m3)
BTH region precipitation - 1101.6
Total water resources - 228.3 Evapotranspiration and runoff into sea - 873.3
Surface water-41.9 Surface & groundwater transtformation - 65.0 Groundwater - 121.4
1900 __ _ _ _ _ _Pa_ 4\ ___
60 . _ - ___\__f_ VAN
101 se—
O0m _— i — e——gam— W

Average annual precipitation - 539 mm - below the national average
80% of this precipitation Is lost to evapotranspiration or flows into the Bohail Bay
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Analysis
From drought to flood

Water supply of the BTH region, 2022

(Data: China Water Resources Bulletins, unit: 10"8 m3)

Total water supply - 256.0

Recycled-32.5  Cross-basin water diversion projects - 69.8 Halhe basin water resources used - 1563.7
Surface water - 66.6 Groundwater water - unconfined 78.8 | confined 8.3
1500 . _ P J_ N ______ .
00 .~~~ N __ S\
500  _ _ L \Gmmmeme
Om — o ——— e S B e e

Over halt of the water I1s sourced from groundwater extraction
Rely on cross-basin water diversion from other basins



Analysis
From drought to flood

Non-flood season - 195.7

362.2
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Temporal distribution of water resource

(Data: China Water Resources Bulletins, unit: 10"8 m3)

BTH region precipitation - 1101.6

Flood season (Jun. to Sept.) precipitation - 905.9
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The temporal distribution of water resources Is also extremely imbalanced

80%of the ann

Ual precipitation occurs during the flood season, leading to an increase In flood events
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Analysis
From drought to flood

Historical flood and drought events in the Haihe basin Flood-drought duality
o
|mﬁa| FJrEQi“tat O
L
350
FLOOD ‘*
L
10.07.2004 23.06.2011 21.07.2012 19.07.2016 12.08.2020 17.07.2021 19.07.2023 T0p
Beijing Heavy Beljing Flood Beljing, Parts of the The "23-7" 1 A |
experiences rainfall in encounters a disaster Tianjin, southern flood of the 3%, /""llﬂ |
a locally Beijing severe storm in Xingtal, Hebel, branches of Haihe River ) | v\ | |
rare heavy Hebei and other. the Haihe is classified ﬁ | J ®
rainstorm areas face River basin as an W I |.\/1|| W ,\ f
after 10 the most experience extraordinary / \\H‘\‘x « ,\ /\ \
years powerful historical basin-wide [ ' /l / \/ &
rainfall since | flooding flood % | 4 /\ /4 \ / i |
the start of | \ N & 8&
the flood § / |44 V v £ RS
season g | s gt ¥ |
3 NS e | N | RS
DI RS
31.12.2003 12.12.2014 588
s .
The South-to- Middle Route & W
North Water Project's water
Diversion diversion IS
Project's completed
central route
14.08.2000 19.06.2001 has started 06.05.2006 05.02.2009 29.01.2011 19.06.2015
construction
Reasons for Severe Hebel Large-scale Prolonged Local Drought
this year's drought in experiences drought in drought Situation 7
severe northern its largest northern continues in Emerges In A
drought China drought in China northern China North China NN e g
55 years for the next
WEEK

DROUGHT

Data:Annual Report of Beljing Meteorological Bureau

-xacerbated by climate change
Validated by event records since 2000
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Analysis
From drought to flood

Flood risk

Recorded event
L ower risk
Higher risk
Built-up area
Waterbody
Waterway
— Administrative boundary

O

0 60 100 km

Synthesis of inundation potential, development inequality (utilizing night-time light data as

a proxy), and population density to provide an initial understanding of flood risk in the BTH
region.

Data: GIEMS-D15, DMSP Nighttime Lights, GPWv4

Drought risk
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Recorded event
Lower risk

I Higher risk

e Built-up area

i Waterbody
— Waterway
—— Administrative boundary

O

0 50 100 km

Synthesis of annual precipitation, evapotranspiration, population density, and average water

consumption per landcover type to provide an initial understanding of water scarcity in the
BTH region.

Data: WorldClim, Global-AET, GPWv4, Jie Yang et al. (2023). 10.5281/zenodo.8176941

18




Analysis
Unequal distribution

Recycled - 32.5

Beljing Tianjin

Spatial distribution of water consumption, 2022

(Data: China Water Resources Bulletins, unit: 10°"8 m3)

Cross-basin water diversion projects - 69.8

e B L

R-233.3 R-1447
/d/pc /d/pc

Recycled - 32.5

Environmental - 66.0

Surface water - 66.6 Groundwater water - unconfined 78.8 | confined 8.3
B, S s S O S O S N O OfS S S S S S N N & 4

Hebel
WA A &Y A A 4 A 4 &Y A 4 A & 4 &y &Y 4av 4
R-102.6

/d/pc

Cross-basin water diversion projects - 69.8

Hebel

Surface water - 66.6 Groundwater water - unconfined 78.8 | confined 8.3
B Y D D S N 8 8 8 8 8 8 8 8 8 8 & & & 4

Residential - 53.6 Agricultural - 113.0 Industrial -23.3

Beljing consumes twice as much water per capita for residential use as Hebel does
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Analysis
Unequal distribution

Flood Detention Areas at macro scale
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Analysis

Unequal distribution
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Unequal distribution of water resources and risks correlates with the imbalanced development priorities across the entire metropolitan region
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Analysis
Unequal distribution

Major law & policy evolution which shaped the urbanization of the BTH region
(Data: Gyourko et al., 2022)

600
1949 - Constitution of the PRC 1994 - Tax-Sharing Reform 2014 - Amendment to the Budget Law
Advocated for state ownership of urban land Decreased local governments’ portion of tax revenue Authorized provincial governments to generate funds for
and collective ownership of rural land as without corresponding cuts in spending exacerbates local investments by issuing local government bonds,
Integral components of a socialist ideology. rellance on land finance to meet fiscal requirements. adhering to the limits established by the State Council.
1986 - Land Administration Law of the PRC 2002 - Order of the Ministry of Land and 2020 - Amendment to the Land
Established the inaugural legal safeguard for land use Resources of the PRC (No. 11) i Administration Law of the PRC
rlghts held by private businesses or individuals. Mandated the sale of all land parcels through a public auction 5 Rural collective commercial construction land can be
5 or bidding process. (Reiterated several times from 2002-2015) 5 Introduced to the market without state expropriation,
1988 - Amendment to the Constitution of the PRC 5 with a focus on safeguarding permanent basic farmland.
Facilitated the emergence of the private economy and enable the ’
transfer of land use rights. '

400 Demonstrated a transition from direct -~ The goal was to eliminate hunger Aimed to shift from energy-intensive Nineteen city clusters, such as the Beljing-Tianjin-Hebel region, Yangtze
governmental oversight of enterprises to the -~ and extreme poverty, ensure manufacturing to high-value sectors, emphasizing River delta region, and Greater Bay area, were being highlighted to
implementation of indirect macroeconomic ~universal basic education, and the strategic significance of low-carbon technology, establish regional coordination mechapisms for shared development
measures, signaling the establishment of a - expedite the establishment of a particularly in wind and solar power, as part of the costs, collaborative industrial devel ent, and shared governance
novel framework for the socialist economy. -~ modern enterprise system. top priorities for environmental concerns approaches to ecological issuesghd environmental protection.

The official goal of reform and opening up was The strategic shift in planning aimed to move beyond Aimed to rebalance its economy by transitioning Aimed to enhance the services sector,
the establishment of a socialist market economic narrow, quantitative growth targets, emphasizing focus from investment to consumption, and shiftin promote urbanization, bolster the social safety
system, recognizing the market as the primary coordination of structural and qualitative changes in development from urban to rural areas, particul net, address the aging population through
means of resource allocation and replacing the economic and social growth goals, with a focus on by establishing small cities and greenfield disi#fcts healthcare and retirement system expansions,
planned economy with national macro-control. expanding the services sector, fostering domestic to accommodate coastal migration. and prioritize high-tech innovation, building on
| economic demand, promoting rural urbanization, 5 / themegfrom previous plans.
and supporting western development. | y,
v 4
Y 4
200 7
Facilitaie'the synchronized growth of indeistries in the Beijing-Tianjin-
Hebepfegion by leveraging the respeot'(e strengths of each area, directing
thg’Systematic transition and continglity of industries, and establishing
development model characteriz?ﬁ)y a rational spatial arrangement,
5 ; : interconnected industrial chain} nd efficient distribution of production factors.
Government budgetary Government land sales ' ,
income (bil RMB) revenue (bil RMB) /
" Beijing Beijing | s ) )t i} ™
| . y | . Lo A
- Tilanjin | Tianjin > B il , , Sl gt~ e
: | : ) The gentral objective is to systematically decentralize Tongzhou District in Beijing, Baodi District in Tianjin,
= HebDel : R Hebel nef-capital functions from Beijing while spearheading and Tangshan City in Hebei Province signed a strategic
“advancements in critical areas such as Beljing-Tianjin- cooperation framework agreement, aiming to enhance
Hebel transportation integration, ecological environmental collaboration through the Beljing-Tangshan Intercity
protection, and industrial upgrading and transfer. Railway as a connecting link.
® ® ® ' Q )
1985 1990 2010 2015 2020

.. and shaped by the land finance model and its policies.
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Analysis
Paradigm shift

Profit-driven development paradigm

(Neglected)

Rural development

(Prioritized) L

Perl-urban Deve

Cheap Land

'I, | and sale/debt |

rban/
opment

—————————————)
Land price up

(Profit-driven)

Land Fi

nance
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Analysis
Paradigm shift

Water resource

-———)

Limited

Diverted Peri-urban Deve

(Prioritized) L

Profit-driven development paradigm

(Neglected)
Rural development

Cheap products

Cheap labor

Cheap Land

'I, | and sale/debt |

rban/
opment

—————————————)
Land price up

(Profit-driven)

Land Fi

nance
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Analysis
Paradigm shift

Profit-driven development paradigm

Water resource Water harzard
I
] Taken l
I ,[ Revertea |
I
:_ ————) (Neglected) , (Passive)
o Rural development Rural rebuild
Limited Damaged

Cheap products

Compensation

Cheap labor |
P for disaster

Protected

Cheap Land

'I, | and sale/debt |

(Prioritized) Urban/ _, (Profitdriven)

Diverted Peri-urban Development Land price up | and Finance
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Analysis
Paradigm shift

Water resource

Limited

Diverted

-———)

Profit-driven development paradigm

Water harzard

Taken l

Protected

¢

(Prioritized) L

Perl-urban Deve

,[ Reverted |

(Neglected)
Rural development

————————————

Damaged

Cheap products

Cheap labor

Cheap Land

'I, | and sale/debt |

rban/
opment

—————————————)
Land price up

(Passive)

Rural rebuild

Compensation
for disaster

(Profit-driven)

Land Fi

nance

Low water
res|lience

L OW environ-
mental justice

Aging
population

Sluggish
economy

Fading
identity
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Analysis
Paradigm shift

Water resource

Limited

Diverted

-———)

Profit-driven development paradigm

Water harzard

Taken l

Protected

¢

(Prioritized) L

Perl-urban Deve

,[ Reverted |

(Neglected)
Rural development

————————————

Damaged

Cheap products

Cheap labor

Cheap Land

'I, | and sale/debt |

rban/
opment

—————————————)
Land price up

(Passive)

Rural rebuild

Compensation
for disaster

(Profit-driven)

Land Fi

nance

Low water
res|lience

L OW environ-
mental justice

Aging
population

Sluggish
economy

Fading
identity
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Analysis
Paradigm shift

Risk-driven development paradigm

I Reorgnized |

(Proactive)

Rural development | talizat
9 Guided revitalization
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Analysis

Paradigm shift Risk-driven development paradigm
—Cosystem- ntegrated
based water resources
adaptation management

Recharge
IncreasedI l_l “I\/Iitigated

Water resource Water harzard
Adapted |
Reorgnized
— (Proactive)
(Prioritized) —_— 3 Water-sensitive

Rural development . talizath
9 Guided revitalization




Analysis
Paradigm shift

—Ccosystem-
based
adaptation

wWada
M

Risk-driven development paradigm

ntegrated

Ller resources

anagement

Recharge

IncreasedI l_l “I\/Iitigated

Water resource

Water harzard

Adapted !
Reorgnized
— (Proactive)
(Prioritized) —_ 3  Water-sensitive
Balanced Rural development Guided revitalization
I
|
: Land sale/debt
|
! Land price up
: (Risk-driven)
O Land Finance
), - :
Knowledge 50 —cosystem service
nvestment | = (Provisioning)
Subsidy L (Regulating)
! (Supporting)
: (Cultural)
|
Residents | Residents
(prefer rural life) : (prefer urban life)
l

Balanced

ps

Urban/Peri-urban

Development
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Analysis

Paradigm shift Risk-driven development paradigm
—cosystem- ntegrated
based water resources i wat
adaptation management gh waterres

silience

Recharge
Increased ﬁ Mitigated
I “ ° High environ-

mental justice

Water resource Water harzarad
Adapted l . Balanced
Reorgnized demographics
_— (Proactive)
(Tgorltl‘zed) —_ 3  Water-sensitive Niversifie
Rural development . talizati
Ralanced P Guided revitalization economy

L and sale/debt .
Regaining

identity

Land price up

(Risk-driven)

S Land Finance
Knowledge 3 —cosystem service
nvestment | 3 (Provisioning)
Subsidy o (Regulating)
(Supporting)
(Cultural)
Residents Residents

(prefer ural ife) (prefer urban life)

ps

Urban/Peri-urban
Development

Balanced







INntervention
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An abandoned house in Baiyangdian: a symbol of extensive urbanization.



Intervention
Framework

Action A Path Relative Target Side
PatterﬂS _ actions Costs effects effects
. . Action B 1 o . N 0
1. Design action : :
2. Relative cost Current policy 2 O +++++ O 0
3. Target effect Do Dynam C Action C 3000 ++ 0 0
4. Side effect : : 1 . Action D 400 ++ 0 0
: : 0 0
0. S€ ‘_by date d aptlve * ’ /\/ | : | . Z 80 ++++ 0
. : 0
6. Stakeholder : : pathways 10 70 80 90 gars 100 . O g
: : o Transfer station to new action
Seeeeessseeessecetttttccasssssesssoctttttcsnnsnesans J : [ Adaptation Tipping Point of an action (Terminal) 500 - :
. amme Action effective in all scenarios 9 o i
................................................... ® ® Action not effective in scenario X
(Haasnoot et al,, 2013)

. — Adaptation Pathways Map

; SceﬂanOSZ ; et aeetea e easeea et aeeaseeea o aateentoeatonntesentonestoenteentonstoentesentonnsesentosestosntttentotestontttentosestoentttentotnstoentotestosnstsentonees :

1. Socio-economic condition l l !
2. C imate anﬂge Speed : ................................................. ................................................. .................................................
3. Risk composition N Local I Tributary S Territory

adaptation . i reorganization i i transformation




Intervention
Framework

Multi-scale validation and assessment

p ! v o 5 -
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U R Y e , - o ] - u ‘ ] = . / .
Ern * »
'
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i ——L
.
.

s e
RRee
T Emaanee

. . s
Rl T e
N :.I*h;a-?. ¥
e dy
o t_#‘l.x—&_- . "
o A

Beljing

- Localadaptation . Tributary reorganization . Territory transformation .
. (Synthetic scenarios) Ecosystem service . (Stakeholder status)
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INntervention
Measure as pattern

Ecosystem-based adaptation

A3 Water source
protection

A2 Floodplain
restoration

A1 Waterway
restoration

E10 Riverbank E1 Meadows and
softening pastures

E4 Agri-managed
aquifer recharge

E6 Afforestation in
headwater areas

E2 Buffer
strips

E11 Streambed
re-naturalization

E7 Afforestation of
reservoir catchments

E3 Green
cover

E12 Restoration of

seasonal streams

E13 Dam
removal

E5 Forest riparian
buffers

ES Detention
basins

E9 Wetland
restoration

Pattern languages | action & measure

Integrated water resources management

A5 Hybrid

Infrastructure system water resources

|12 Channel as |T Seawater
distributor desalination

14 Decentralized
water storage

|5 Greywater
Recycling

I'7 Dikes as flood-
proof road network

|16 Agro-industrial
wastewater reuse

|19 Rainwater
harvesting

|18 Reuse of
sediment

A6 Non-conventional

Water-sensitive revitalization

A8 Water-resilient
communities

W1 Village W3 Water resilience
relocation knowledge hub

W2 Farmland W4 Increasing public
consolidation risk awareness

A7 Water sensitive
land consolidation

W7 Economy W5 Establishment of
diversification early warning systems

W8 Climate-proofing

W6 Monitoring and
structure evaluation
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INntervention
Measure as pattern

Environmental justice

Pattern languages | attributes

Equal flood risk Equal water resource ; TSI :
distribution distribution : : :
Hypothesis
Theoretical back-up
; . Practical implication
(UNDRR Global : :
Assessment Report, 2015) '.. .............. Target effects
Drought Drought Costs
mitigation mitigation adaptation adaptation | SR Side effects
Stakeholders
| . Synergles & Conflicts
Water resilience P Sell-by date

Water control capacity Environmental impact
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INntervention
Measure as pattern

Pattern fields | Synergies, conflicts and sell-by date (deadline for implementation)

Patterns
Synergies
Conflicts
Sell-by-date
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INntervention
Measure as pattern

Index map | spatial anchoring
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Baoding §&

Important FDA

General FDA

Reserved FDA

Zone of FDA

Built-up area | high development level

Built-up area | medium development level

Built-up area | low development level

Farmland

Forest & shrubland

Grassland

Major waterway

Saltwater pond

Reservoir

Freshwater pond

Highway
Railway

Flood risk
Flood risk
Flood risk

high
medium

low

Drought risk | high

Drought risk | medium

Drought risk | low

15

30 km

Farmland

Typical land types | 500m blocks

Major waterway

Saltwater pond

. Reservoir

Grassland

S Freshwater pond
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INntervention
Measure as pattern

Index map | spatial anchoring
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INntervention
Measure as pattern

Land typology

Built-up area
Built-up area
Built-up area

Farmland

high development level
medium development level

low development level

Forest & shrubland

Grassland

Major waterway

Saltwater pond

Reservoir

Freshwater pond

Flood risk | medium

Flood risk | low

Drought risk

Drought risk
Drought risk

high
medium

low

Water resilience
knowledge hub

Schematic sections for patterns | upstream

Afforestation of . . Removal of Dike system Increasing
forest cover in Afforestation of Establishment of damsand other as flood proof public flood
headwater areas reservoir catchments early warning systems longitudinal barriers road network risk awareness
Monitoring and . .
Meadows avaluation of Reuse of sediment Non-Farm economy Stream bed Agricultural Managed
and pastures water resilience from regulation works diversification re-naturalization Aquifer Recharge
ACTION PATTERN
-

TYPICAL IMPLEMENTATION

U LT II/I 0 s e s s IR AI A 5 J v S o 00 0 A 0 2 S A a0 D D e o 0

CURRENT LAND TYPOLOGY
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INntervention
Measure as pattern

Land typology

Built-up area | high development level

Built-up area | medium development level

Built-up area | low development level
Farmland

Forest & shrubland

Grassland

Major waterway

Saltwater pond

Reservoir
Freshwater pond
—  Flood risk | medium

Flood risk | low

Drought risk | high

Drought risk | medium

Drought risk | low

@

Increasing
public flood Green
risk awareness CONEE

Village relocation
and settlement

Water resilience
knowledge hub

FESTfEESESSESEESSSTENEN

&

Restoratiqn and
reconnection of
seasonal streams

Meadows
and pastures

Schematic sections for patterns | midstream

Dike system
as flood proof
road network

Eliminationof

riverbank protection
Stream bed
re-naturalization

Establishment of
early warning systems

Forest
riparian buffers

Basins
and ponds

Wetland restoration
and management

Monitoring and
evaluation of
water resilience

Use of adapted

Buffer strips ﬁﬂ%rrlwcaugl’é%rilquifer Farmland
and hedges Recharge consolidation

Decentralized
water storage

ACTION PATTERN

TYPICAL IMPLEMENTATION

CURRENT LAND TYPOLOGY

Climate-proofing
ptead infrastructure and
crops and varieties building
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INntervention
Measure as pattern

Land typology

Built-up area
Built-up area
Built-up area

Farmland

high development level

medium development level

low development level

Forest & shrubland

Grassland

Major waterway

Saltwater pond

Reservoir

Freshwater pond

Flood risk | medium

Flood risk | low

Drought risk

Drought risk
Drought risk

high
medium

low

@

Increasing
public flood

riIsk awareness

Village relocation
and settlement

Rainwater
harvesting

Monitoring and
evaluation of
water resilience

Water resilience
knowledge hub

Greywater
Recycling

Agro-industrial
wastewater reuse

Schematic sections for patterns | downstream

Farmland
consolidation

Non-Farm economy
diversification

Precision Flood control

Irrigation

Decentralized
water storage

Use of adapted
crops and varieties

Green
cover

channel as distributor

Establishment of

early warning systems

'—X/'\—f\—’\—/—x

Sustainable
desalination

ACTION PATTERN !

TYPICAL IMPLEMENTATION

CURRENT LAND TYPOLOGY
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Intervention
Scenario making

Moderate climate

char

ge (SSP1-2.6)

Dynamic adaptive policy pathways | scenarios

Socio-economic growth

Progression Intensification

(Socio-economic growth under (Socio-economic growth under
moderate climate change SSP1-2.6) extreme climate change SSP5-8.5)

Regression Exacerbation

(Socio-economic decline under
extreme climate change SSP5-8.5)

(Socio-economic decline under
moderate climate change SSP1-2.6)

Soclo-economic decline

-xtreme climate

nange (SSP5-8.5)
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Intervention
Scenario making

(by 2060)

Mean temperature (deg
C)

Days with TX above
35°C

Frost days

Total precipitation during
flood season (6-9)

Total precipitation during
non-flood season

Maximum 1-day
precipitation during
flood season

Population of BTH
region (million people)

GDP

GDP growth rate
Builtup area

Nature and recreation
Agriculture

Intensification

(Socio-economic growth
under extreme climate
change SSP5-8.9)

9

+225%
+2% per year

%
40%
93%

Socio-environmental parameters

Exacerbation

(Socio-economic decline
under extreme climate

change SSP5-8.5)

-26

+94%

+0% per year
9%

38%

o %

Progression

(Socio-economic growth
under moderate climate

change SSP1-2.6)

9

+225%

+2% per year
7%

40%

93%

Regression

(Socio-economic decline
under moderate climate

change SSP1-2.6)

-26

+94%

+0% per year
9%

38%

o7%

Ref.

(Calvin et al., 2023)

(Calvin et al., 2023)
(Calvin et al., 2023)

(Calvin et al., 2023)

(Calvin et al., 2023)

(Calvin et al., 2023)

(Zhang et al., 2023)
(Jiang et al., 2018)
(Jiang et al., 2018)
(Fan, 2022)
(Fan, 2022)
(Fan, 2022)

Risk compositions

Hazard
| High

A Intensification

A Exacerbation

Mid ) A Progression

A Regression

|
|
l
|
|
|
|
|
|
|
|
|
|
|
l
|
—{- LOW
|
|
|
|
|
[
|
|
%

P

High f/'” ““x\‘ High

Exposure Vulnerability
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INntervention

Scenario making

Moderate climate

Soclo-economic growth

Progression Intensification

Extreme climate

\change (SSP1-2.6)

Regression Exacerbation

Soclo-economic decline

change (SSP5—8.5),

46




Intervention
Scenario making

Preferred pathway

Soclo-economic growth

N
2025 2030 2035 2040 2045 2050 20565 2060 2025 2030 2035 2040 2045 2050 20565 2060
Progression e | o . . . . Intensification b o . . . .
scenario Mitigation + (mid hazard, low exposure, low vulnerability), Environmental + Land use shift + e Mitigation + (high hazard mid exposure, fow vulnerability), Job + Land use shift +
Target affacts (0,+++ ++4) ) Target effects (0,+ ++ +++) )
) ) ) Cosls (0+,++,++4) Side effects(= -0+ ++ +++] . o Costs (0,4 4+ +44) Side affects|-—- - -0+ ++ +44)
. Measure water resilianca environmeantal justica " Measure water rasiliance anvironmeantal ]l..|$1IGE'
Flood Droughit Flood Drought  Equal flood risk Equal watar Initiate Maintain Water control Job Environmental Flood Drought Fload Drought  Equal flood risk Equal water Initiat Maintain Water control Job Environmental
mitigation mitigation adaplation adaptation distribution resourca distribution capacity opporunity impact O mitigation mitigation adaptation adaplation distribution resource distribution . amnia capacity opportunity impact
now=-2030 now-2030
O Prioritized pathway 2 2 1 0 2 3 1 2 1 3 4 O Prioritized pathway 2 2 3 0 a 2 2 1 2 1 2
O Prafarred pathway 3 2 4 3 5 5 4 4 2 ] Praferred pathway 3 2 3 1 4 5 3 3 2 5 3]
| Tl _ 2030-2045 2030-2045
09 O _ Prioritized pathway 8 10 3 1 7 10 10 3 2 4 14 09 O _ Prioritized pathway 6 7 5 4 7 8 7 5 - 4 8
m 4 Farmland consolidation Praferred pathway 8 10 15 16 15 17 17 17 2 12 19 O I Farmland consolidation Praferred pathway 8 10 17 15 15 16 17 17 3 12 17
I _ 2045-2060 m 1 _ 2045-2060
E12 { Restoration of intermittent streams Prioritized pathway g 8 6 2 10 10 10 5 2 3 10 E12 { Restoration of intermittent streams Prioritized pathway 1 1 1 5 13 11 15 10 5 8 g
Prefarred pathway 12 14 1" 5 16 16 18 10 1 B 16 Preferred pathway 13 16 1 5 16 17 22 13 5 10 8
By 2060 By 2060
5 I Prioritized pathway 19 20 10 3 19 23 b3 10 3 10 28 5 I Prioritized pathway 19 20 19 9 23 2 24 16 6 13 17
Preferred pathway 23 26 30 24 36 3B 39 Eq 5 26 41 Prafarred pathway 24 2B k] 21 35 38 42 33 10 27 M
Q Q :
1 ; Riverbank softening 1 i ; Riverbank softening
: - | E10 : : o u
! : Streambed re-naturalization ! ! | Streambed re-naturalization
: - L ET1 : . .
L) L) :
1 ] I
i ] I
] ] I
! ! : O
] ] I
! O | | : | | |
: [ Climate-proofing structure m : : Climate-proofing structure
1 Ha 1 ] 5
1 - 2 Ta 7o 1 I - 2 Ta 7o
' I Dam removal ' i i Dam removal
: o - | E13 : : O -
- R SR N S bmmmmmmm———- It S
1 1 1
1 ] i
1 1 |
i i 1
1 1 |
1 1 1
: O : i
i i
1 1 :
1 1 1
] ] |
- : | - : : o}
i 1 1
O Prioritized measure - to be implemented under prioritized pathway o .O O Prioritized measure - to be implemented under prioritized pathway I O — jem=cmccccccscmsssssssssssssssssssssssstassssssssssssss=a==a=
. L) . L) I
(O suggested measure - to be implemented under preferred pathway N N S 0 (O suggested measure - to be implemented under preferred pathway Ly e e e e e e e m e ————————————
Optional measure - can be skipped based on future condition Optional measure - can be skipped based on future condition :
P —— -
| Tipping point - deadline of implementation | Tipping point - deadline of implementation
- . — Preferred adaptation pathway — Preferred adaptation pathway O
. Village relocation . Village relocation
m - - Preparation pathway - for long term measure 8 BBbebeos. Jeflisbrimivnti SO - = Preparation pathway - for long term measure 8 WBbebstos. -Jefdisisbrimivet SO
wo7 D Optional pathway - for optional measure ...EFconomy diversification =~~~ | ey Optional pathway - for optional measure ,.Economy diversification =~
* * ’ * * * * * =
- 2030 2035 2040 2045 2050 2055 2060
! ! ! ! ? ! ? ? Progression
Moderate climate 7078 7030 0% 010 085 7050 0% 7050 Extreme climate
2. A
N 4
C a g e ( E E _I ' 6) 2025 2030 2035 2040 2045 2050 20565 = 2030 2035 2040 2045 2050 20565 2060 C a g e ( E E 5 E ' 5)
Regression . . , . ] Re ress I On i i '
et Adaptation + (mid hazard, low exposure, high vulnerability), Cost -, Land use shift - h exposure, high vulnerability), Cost -, Land use shift -
Target effects (0,+,++,+++) Target effects (0,+ ++ +++) Costs (0 Side ffe 0
+ 4t bt T ——
# Measure waler resilience environmental justice " M water resilience anvironmental justice 08lS (0+,++,44+) Ko silocet J
easune
Flood Drought Flood Drought  Equal flood risk Equal water Initiate Maintain Water control Job Environmental Fload Drought Flood Drought  Equal flood risk Equal waler Initiat Maintain Water control Job Environmental
mitigation mitigation adaptation adaplation distribution resource distribution capacity opportunity impact () mitigation mitigation adaptation adaptation distribution resource distribution e Al capacity opportunity impact
0 now-2030 0 now-2030
Prioritized pathway 1 2 3 2 3 3 2 2 2 Priorilized pathway 1 2 3 2 3 2 2 2 1
O Preferrad pathway 3 2 4 5 5 4 4 2 G G O Praferred pathway 3 2 4 3 5 4 2 G G
_ 2030-2045 _  Rainw _ 2030-2045
09 | O _ Prioritized pathway 2 2 g g 7 7 4 7 2 4 3 09 O _ Prioritized pathway 5 5 10 8 1 g 8 g 3 B g
O | Farmland consolidation Prefarrad pathway 4 i) 15 18 11 14 13 16 & 11 11 O | Farmland consolidation Praferrad pathway 7 [y 17 15 16 15 15 17 4 12 14
m 1 " . 2045-2060 m 1 " . 2045-2060
P, - - et rratime of i - -
E12 { estoration of intermittent streams Prioritized pathway 3 4 8 7 7 5 8 8 3 5 5 E12 { estoration of intermittent streams Prioritized pathway : B B 5 8 8 9 P 3 P P
Preferred pathway 10 8 15 9 18 12 18 12 =1 11 13 Preferrad pathway 12 1 17 a 20 15 21 14 0 1 13
By 2060 By 2060
- l ne | l
= | Priorilized pathway 5] 8 20 18 17 15 14 15 G 11 9 | s ] | Priorilized pathway 13 15 19 15 22 20 19 17 7 14 16
Preferred pathway 17 16 34 30 34 3 35 3z i 28 30 Preferred pathway 22 22 38 27 41 35 40 35 +] 29 33
O ' O
)
O : :
: E O ; Riverbank softening ‘? ! O ; Riverbank softening
1 i
: : 1 m 1 ) ]
i i Streambed re-naturalization : : Streambed re-naturalization
: N N o I m : ] O I
i ] I |
i i ' : O
1 I [
I ]
i ! : : O
L] ]
i = ® = =
1
] I Climate-proofing structure : | Climate-proofing structure
= : Q : a» : ; O n
' ! Dam removal 1 Dam removal
1 1 I 1 = AW I 1 = AW
: : : o - | E13 : | O -
" i 1 1 [
_______________________ N N R S I— B e e e e e e e e e e e e e e e e e e )
] i : © : |
[]
i I i [
] : : : I
i I ; H L
| i b ] !
1 1 i i I
i 1 | b I
! i " ] !
! 1 " I X
5 ' 1 i 5 I -
: : I 1 : '
O Prioritized measure - to be implemented under prioritized pathway | ! S SRRSO | L O O Prioritized measure - to be implemented under prioritized pathway ;. ........... S Y S .o
. 1 1 . 1 [
(O suggested measure - to be implemented under preferred pathway ! ' (O suggested measure - to be implemented under preferred pathway ! R N (Y S 0
Optional measure - can be skipped based on future condition : ‘ Optional measure - can be skipped based on future condition l |
- - - - . . ! ! - - - - . . ! I
| Tipping point - deadline of implementation \ ! | Tipping point - deadline of implementation | :
v 1 . ! i v 1 . 1
L | — Preferred adaptation pathway : ' | | — Preferred adaptation pathway ! ;
. Village relocation . . Village relocation
m - - Preparation pathway - for long term measure Lo m e S | ? B - m - - Preparation pathway - for long term measure L ommmemmmm e m L O B -
] . . i . .
------ i - i ' Economy diversification i - i i Economy diversification
Wo7 Optional pathway - for optional measure N [ S 0 ) Wo7 Optional pathway - for optional measure N R S S O )
* * ’ * * ’ * * =
2025 2030 2035 2040 2045 2050 2055 2060
. * * * 4 * * * ’
2025 2030 2035 2040 2045 20580 2055 2060
v

Soclo-economic decline
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Intervention
Scenario making

Moderate climate

‘change (SSP1-2.6)
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Intervention
Design exploration

The socio-economic condition
can become more tangible in the

near future. It can serve as an in- Socio-economic

Synthetic scenarios | steering Iin a temporal sequence

Combined pathway for intensification
and progression scenarios

dicator to identify which scenarios

growth
the plan is shifting towards. {

EO3 ul

Soclo-eco- L

. Moderate
. climate
. change

Progression scenario

Intensification scenario

Extreme
- climate
. change

Combined pathway for exacerbation

and regression scenarios

nomic decline

Prioritized & suggested measure
Long-term masure preparation
€Iy Optional measure

Moderate
- climate
. change

Extreme
: climate
. change

Possibility of various scenarios emerging from a single branch and evolving into differen
nased on soclo-economic conditions In the short term and the pace of climate change iIr

2045

- future outcomes

the long term.
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Intervention
Design exploration

Local adaptation | current

Farmland in poor condition

Local zoom-in location

long waterway

r0SIoN a

Zhongting River

-

ISk

lages under ri

V

Daqing River

Built-up area

s Dike

mmmmm Jree buffer
— Road

—  Waterway

Zhaowang New River

1200 m

600
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Intervention
Design exploration

Key measures

- 19 Rainwater

#4494  harvesting
o800

W2 Farmland
consolidation

Low cost
Foundation for future measures

Local adaptation | By 2030

Leading to

\ Lol Intensification Growth

Exacerbation
Progression Decline

TEIY

Regression

Farmland consolidation
Buffer strips
Reuse of sediment

(X00 ®) [ong-term masure preparation

Optional measure

Prioritized & suggested measure
Built-up area

— Dike
mmmmm  Jree buffer

—— Road
—  Waterway

0 600 1200 m
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Intervention
Design exploration Local adaptation | Socio-economic growth | By 2045

Key measures

Leading to

MOV — Extreme

E10 Riverbank
softening

MOLEHS I — Moderate

Qj@ E12 Restoration of

\I Intermittent streams

|5 Greywater ..: 18 B, A 1. g ' ° B
recycling N ~rva - : .

|2 Channels as
distributor

X‘ W3 Water resilience
knowledge hub [l Agri-managed aquifer recharge
Meadows and pastures
q W4 Increasing public |l @R\ W5 Early warning @ W6 Monitoring ’ Monitoring and evaluation
risk awareness — systems and evaluation H Water resilience knowledge hub
/ﬁ\ W8 Cimate-proofing E Monitoring and evaluation !
xv structure V Early warning system
R/ Waterrecycling !
. Farmland consolidation
Buffer strips !
= == Reuse of sediment
(X00 ®) [ ong-term masure preparation ¢
Optional measure
Waterway restoration Prioritized & suggested measure 3
-fficlient water recycle and use Built-up area
Water resilience network = Dike .

Preperation for long term measures mm— Tree buffer

— Road
— |WVaterway

0 600 1200 m
b2




Intervention
Design exploration

Key measures

E13 Dam
removal

|4 Decentralized |16 Agro-industrial
water storage wastewater reuse

W8 Climate-
proofing structure

High control

Local adaptation | Socio-economic growth + Extreme climate change | By 2060

Leading to

Intensification

. Wetland restoration
Detention basins
Farmland consolidation

[] Agri-managed aquifer recharge
Meadows and pastures
g Decentralized water storage
M Climate-proofing structure
~ Monitoring and evaluation
H Water resilience knowledge hub
E Monitoring and evaluation
V Early warning system
N/ Waterrecycling
—>&— Dam removal
Buffer strips
w= == Reuse of sediment

(X00 ®) [ong-term masure preparation

Optional measure

Prioritized & suggested measure
Built-up area

— Dike
mmmmm  Jree buffer

— Road
— |WVaterway

0 600 1200 m
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Intervention
Dynamic adaptive pathways

Intensification
scenario

2025

2030

Dynamic adaptive pathways | Intensification scenario

2035

Mftig;atfon + (high hazard, mid exposure,é low vulnerability), Job + Land use éshift +

O

O Prioréitized measure - to be implemented under prioritized pathway
O Sugt_jested measure - to be implemented under preferred pathway

| Tipping point - deadline of implementation

O

. Farmland consolidation

Optional measure - can be skipped baséd on future condition

Preférred adaptation pathway

0

5

|
i _

5

Bt ietin © S

-E----------

r-=~=============="r

- . . . . . . . . .

e S S —————

- = Prepération pathway - for long term meésure

Optional pathway - for optional measure

2025

2030

2035

2040

' Restoration of intermittent streaf‘ns

O

OO

2040

2045 2050 2055 2060
Target effects (0,+,++ +++) .
N _ o Costs (0,+,++,+++) Side effects(---,--,-,0,+,++,+++)
water resilience environmental justice
# Measure
Flood Drought Flood Drought  Equal flood risk Equal water Initiate Maintain Water control Job Environmental
mitigation mitigation adaptation adaptation distribution resource distribution capacity opportunity Impact
now-2030
Prioritized pathway 2 2 3 0 3 3 2 1 2 1 3
Preferred pathway 3 2 3 1 4 5 3 3 2 5 6
2030-2045
Prioritized pathway 6 7 3 4 7 8 7 5 1 4 8
Preferred pathway 8 10 17 15 15 16 17 17 3 12 17
2045-2060
Prioritized pathway 11 11 11 5 13 11 15 10 5 8 6
Preferred pathway 13 16 11 5 16 17 22 13 0 10 8
By 2060
Prioritized pathway 19 20 19 9 23 22 24 16 6 13 17
Preferred pathway 24 28 31 21 35 38 42 33 10 27 31
| Riverbank softening
| Streambed re-naturalization
| Climate-proofing structure
O | Dam removal
5 - Village relocation
~ Economy diversification
2045 2050 2055 2060
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INntervention

Design exploration Local adaptation | Socio-economic growth + Moderate climate change | By 2060+ —
Key measures S | | ® Leading to

<0 ' Progression
BEN £01 7 S

‘W‘ E13 Dam B R R 1HHN et |
removal \ L [ | TR Rk ne A 4 lf‘ K i N4 iR = ...Z { |
' GE ~ U] ' R 104 *
) BT e | | -] L
=3 . e i . | .. . . ~L] |
()2 2 : " s
( i | | | I e et e | | _ . Forest riparian buffers
S.. e f ST AR -~ o ; .
1 _ P R ... | ) 4. SN 8  Wetland restoration
POOODGI> : | R &% , ,
| 09 4 s> ' T i — Detention basins
: : PR nannennanansaseser ()9 4 | o | o . .
16 Agro-industrial o REIO0 SOOIt IO . Ll N/ - T Y . Farmland consolidation
wastewater reuse | I n oy | T MR f - ([ ([ ne | |
B E13E {1l = | o T [] Agri-managed aquifer recharge
Qe H THIL| | A Meadows and pastures
S | \"74 — e e [l SR RV § TR G L s Decentralized water storage
g - R R e o | | Lo e T Monitoring and evaluation
VA B TR TN, ol vt S (R o
j — it ot | Water resilience knowledge hub
T II ~ L% Monitoring and evaluation
' / | ,
X - Early warning system
o3 J — E131= ) el e 1 I i ORI | R/ Waterrecycling
e U . WA \# o el T D _ —>&— Dam removal
' oA P == Buffer strips
| | - .
104 & RS Reuse of sediment
. " | | (X00 ®) [ong-term masure preparation
__ | £ LD Optional measure
Bosesieala) S - YK Prioritized & suggested measure
£ Built-up area
}j_ e ) E
104 £ RES

L ow control

mmmmm  Jree buffer

— Road
S —  Waterway

0 600 1200 m




INntervention

Dynamic adaptive pathways Dynamic adaptive pathways | Progression scenario
2025 2030 2035 2040 2045 2050 2055 20600
Progression L _ N _ _ : ;
T Mitigation + (mid hazard, low exposure, low vulnerability), Environmental + Land use shift +
Target effects (0,+,++,+++) _
. _ o Costs (0,+,++,+++) Side effects(---,--,-,0,+,++ +++)
water resilience environmental justice
# Measure
Flood Drought Flood Drought  Equal flood risk Equal water Initiate Maintain Water control Job Environmental
mitigation mitigation adaptation adaptation distribution resource distribution capacity opportunity impact
5 5 now-2030
0O | Prioritized pathway 2 2 1 0 2 3 1 2 1 3 :
O | 9 9 Preferred pathway 3 2 4 3 5 5 4 4 2 6 6
. Rainwater harvesting 2030-2045
O | - Prioritized pathway 8 10 3 1 7 10 10 3 2 4 14
5 . Farmland consolidation Preferred pathway 8 10 15 16 15 17 17 17 2 12 19
O 'I | | | 2045-2060
Preferred pathway 12 14 11 5 16 16 18 10 1 8 16
O I By 2060
. Greywater Recycling
O | Prioritized pathway 19 20 10 3 19 23 21 10 -3 10 28
f f f Preferred pathway 23 26 30 24 36 38 39 31 5 26 41
4 | . .
| . Riverbank softening
5 O | o
L ~ Streambed re-naturalization
L O |
I ;
. oF
g
. O
1 5
. O |
- | Climate-proofing structure
N O |
| . Dam removal
3 O |
T USRS USRS R USSR RRPRIY SO S
I :
!
!
!
! ;
!
: O
| :
| O
| A - ~ 2 |SE
: O _
- - ;
O Prioritized measure - to be implemented under prioritized pathway L s St S O
_ I ;
O Suggested measure - to be implemented under preferred pathway I S S S ‘O |
Optitjnal measure - can be skipped baséd on future condition |
| Tipping point - deadline of implementation seawater desalinati
- - Village relocation
- = Preparation pathway - for long term measure ; R RSN Soft. ot
""" Optional pathway - for optional measure e ECONOMY diversification
2025 2030 2035 2040 2045 2050 2055 2060
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Intervention
Design exploration Local adaptation | Socio-economic decline | By 2045

Key measures Leading to
E10 Riverbank
¢ @ E12 Restoration of
j:‘; intermittent streams

I5 Greywater

: WO Tta
recycling _

|2 Channels as

distributor
—  Economy diversification
W3 Water resilience Meadows and pastures
knowledge hub ' ' Village relocation
M Climate-proofing structure
Q W4 Increasing public |l @R\ W5 Early warning @ W6 Monitoring ~ Monitoring and evaluation
risk awareness systems and evaluation H Water resilience knowledge hub
G (] (o N S |
A structure arly warning system
E10 o 2 e o R/ Waterrecycling !
e . Farmland consolidation
Buffer strips
= == Reuse of sediment
(X00 ®) [ong-term masure preparation ®
Waterway restoration Optional measure
—fficient water recycle and use Prioritized & suggested measure %
Water resilience network Built-up area
Preperation for long term measures == Dike L

(Village relocation) m— Tree buffer

— Road
—  Waterway

0 600 1200 m
b7



Local adaptation | Socio-economic decline + Extreme climate change | By 2060

Design exploration
Key measures ! | W Leading to .
\\\‘\‘ E
L
Exacerbation
[
o e - =41 T
N - ~ r‘"“ﬁ? - f. _ | ':' U4 CEEL L“'“T
E13 Dam | HT”J e Lk
\x] o . S , b4 < il ¢
B SN : ): GRS - - , “ ; O Forest riparian buffers
A % l , I X . ¢
Wi / = o g _ | > _ 8  Wetland restoration
LH H : | '.":.::T‘:::::.:!...-._.;.:.:.:.:.:.:.:;:;’:':':':‘:':‘:’:':':‘.':':' ''''''' :.:.; | s Detent/'On bas/ns
. SRR - e i e A | - . . . O
| e | R R S ASRAB ~ —  Economy diversification
e -- = r | = 08 = . .
bt o """""""" L o, ] | 5 [---] Agr/-managed aqufer recharge
B Pl (LR IR ey IR L 0 o e )< ; N4 ; ®
et ooy (OROGOTsS i LS = s Meadows and pastures
‘ﬁ‘ W1 Village S . @GE : alith “ = = (( T 1 Village relocation
" : - T st _ T @Y s |
I relocatlon "°'. ' ~a o TH T #_. | mANEN : //'f D@CG/’)UQ//Z@O’ Watef StOfage !
QTS > T e B i e U . I e -
S e SUREE il BENESCRRERES on v ENEIEN VSN e M Climate-proofing structure
OB w7 Economy iy Yo\ | Monitoring and evaluation !
diversification T (04 1 e i e e R T IR CHEE G S R , .
@A i = |~ AP S i B WO T, ol P s s Water resilience knowledge hub
T LT el = Pttt _ Monitoring and evaluation 1
E04 Al | - | | . -y (U QR Early warning system
1 A | tl‘; } \\;," - % A/ ; : ' o e, g | .
DS S DG . —>&— Dam removal
| = Buffer strips
| . '
104 & Q== Reuse of sediment
(X00 ®) [ong-term masure preparation

NS A AN | Optional measure
Prioritized & suggested measure
Built-up area
s Dike
mmm— Tree buffer
— Road

7
| o — |WVaterway

Cost-effective

600 1200 m




Intervention
Dynamic adaptive pathways

Exacerbation

2025 2030

scenario

|

Ralnwater narvesting
=

1.
I
|

000

O |

. Farmland consolidation

Dynamic adaptive pathways | Exacerbation scenario

All aspects + (high hazard, high exposure, high vulnerability), Cost -, Land use shift -

o0

O Prior?itized measure - to be implemented under prioritized pathway
O Sugt_jested measure - to be implemente@i under preferred pathway

Opti@nal measure - can be skipped baséd on future condition
| Tippfng point - deadline of implementatéion
— Preferred adaptation pathway
- - Prepéaration pathway - for long term meéasure

------ Optional pathway - for optional measure

2025 2030

2035 2040 2045 2050 2005 2060
Target effects (0,+,++,+++) .
. , o Costs (0,+,++,+++) Side effects(---,--,-,0,+,++ +++)
water resilience environmental justice
# Measure
Flood Drought Flood Drought  Equal flood risk Equal water nitiate Maintain Water control Job Environmental
mitigation mitigation adaptation adaptation distribution resource distribution capacity opportunity impact
now-2030
Prioritized pathway 1 2 3 2 3 3 2 2 2 2 1
Preferred pathway 3 2 4 3 5 < 4 4 2 6 6
2030-2045
Prioritized pathway 9 o 10 3 11 9 8 9 3 6 9
5 Preferred pathway 7 9 17 15 16 15 15 17 4 12 14
R Y . 2045-2060
-I estoration ot intermittent strearps Prioritized pathway E 3 5 5 3 3 9 5 5 5 5
Preferred pathway 12 11 17 9 20 15 21 14 0 11 13
. | . By 2060
Greywater Recycling g
Prioritized pathway 13 15 19 15 22 20 19 17 7 14 16
Preferred pathway 22 22 38 27 41 35 40 35 6 29 33
! | | Riverbank softening
| : :
: ' : .
; ! .~ Streambed re-naturalization
! : T @ I
I I :
I I '
| | O
: : O
I | § :
| [
| I :
i : | Climate-proofing structure
1 : :
: I s i ;
! | - Dam removal
: : O |
o L ittt ettt 292
: I ;
! ] |
: | - 0O
: : O
| : f . Agro-industrial wastewater reuse
' ] ; |
pceneanaees R R O
I I : :
: e B et Sttt Attt O
| I .
: : Seawater desalination
: | é TE N
' ] | S .
! . - Village relocation
R e e e e e e e e e e e T TP -( ) f f
: Economy diversification
O L S O- 4
2035 2040 2045 2050 20005 2000
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Intervention
Design exploration Local adaptation | Socio-economic decline + Moderate climate change | By 2060+ —

Key measures Leading to

Il

o Regression

Forest riparian buffers

E13 Dam

removal

- i, / L] ¥ i " B * L] i L L " L] -
- . ' & = ' = B 48 RN
P T . . B . .
.'I - ®
AT N N N , o
[ . o ] r . ¥ ] . Bl . ) . L * . ¥
P 2 8 9 ® 3 &8 @ e 8D w8 3 . e . o .
R L l,'l L [ . ] . 'l ' . . . . . 2 .
i S Y B8 B o8 B @ .
S 4.8 & » & N &
] e L L e . = L 5 : 4 & -
= & % B 8 & B B =i
] ] - - - » ')

Wetland restoration
Detention basins

Economy diversification

Meadows and pastures

e # » » oNEEEN
- \

- = » @ W'es = = » = ® » R OE W B e Wl " B & & m & & N N e A T RO O e
...

@ & B = o SRR e = @ e =
i

..................

(il
||

Village relocation

-----
lllll
------
-------
tttttttt

i AR 0 i AR O R g AR N A ANELY Sanaey Decentralized water storage

‘ﬁ‘ W1 Village
] relocation

vvvvvvvvvvvvvvvvv

L i R | T ORIt M Climate-proofing structure

llllll
-------------

on W7 Economy =10 pa oE R SRR R ey Monitoring and evaluation

-----------------

@A diversification

ComEmLIET 2P RN ENES T e e RPN Water resilience knowledge hub

R = BERRAE e IO b eeat S /7N Monitoring and evaluation

GED Early warning system

Lt 1 I

R/ Waterrecycling
—>&—  Dam removal
Buffer strips

Reuse of sediment

(X00 ®) [ong-term masure preparation

Optional measure

Prioritized & suggested measure
Built-up area

Smaller footprint = Dike

Least intervention mmmm Tree buffer

——— Road

—  Waterway

0 600 1200 m




INntervention

Dynamic adaptive pathways Dynamic adaptive pathways | Regression scenario
2025 2030 2035 2040 2045 2050 2055 2000
Regression L _ - . _
sgen o Adaptation + (mid hazard, low exposure, high vulnerability), Cost -, Land use shift -
Target effects (0,+,++, +++ _
e ( ) o Costs (0,+ ++,+++) Side effects(-—m - -0, ++ +++)
water resilience environmental justice
7 Measure
Flood Drought Flood Drought  Equal flood risk Equal water Initiate Maintain Water control Job Environmental
mitigation mitigation adaptation adaptation distribution resource distribution capacity opportunity impact
now-2030
O Prioritized pathway 1 2 3 2 3 3 2 2 2 2 1
O Preferred pathway 3 2 4 3 3 3} 4 4 2 6 6
. Rainwater harvesting 2030-2045
O _ Prioritized pathway 2 2 9 9 7 7 4 7 2 4 3
? . Farmland consolidation Preferred pathway 4 6 15 18 11 14 13 16 5 11 11
O I o | 2045-2060
O | Restoration of intermittent strearps Prioritized pathway 3 4 8 7 7 5 8 6 5 5 5
Preferred pathway 10 3 15 9 18 12 18 12 -1 11 13
O . e By 2060
e Greywater Recycling
Prioritized pathway 6 8 20 18 17 15 14 15 6 11 9
Preferred pathway 17 16 34 30 34 31 35 32 6 28 30
O ;
: |
e i bank sof
! . Riverbank softening
- : O |
- | - Streambed re-naturalization
| 5 Pl Yesesssessscossesssesssesssess :
1 : I |
I l ; 5
I |
1 ! g
1 ! ;
o [ ;
1 ! z i
1 ! é f
1 i ; ;
» - O s
: ! é . ;
; - !
u : O _l Climate-proofing structure |
: | : : :
L ! | D | |
. L am remova 5
5 : 2 O |
: I 5 ! :
B B oo [ O
: : . ;
! l : ;
! l : ;
I I :
1 | . |
| I |
| | . i
: | . f
| ; :
— ! ! : ~ Agro-industrial wastewater reuse
QO Prioritized measure - to be implemented under prioritized pathway | | L R I KNS PR O
: : | |
(O Suggested measure - to be implemented under preferred pathway i :
| . .. | f
Optional measure - can be skipped based on future condition | :
. . . ! !
| Tipping point - deadline of implementation : ! Seawater desalination
_ : I | Seawalel aesallnation
.t — Preferred adaptation pathway | i | R -
- ! - Village relocation
m - - Preparation pathway - for long term measure N S S RO UORPRVEVE SRR U U ESUNEPEDRPEPHVRVE I VS R O- J
. ! P
------ Optional pathway - for optional measure :_______________;__________________________;_______________________O; ~ Economy diversification
2025 2030 2035 2040 2045 2050 2055 2060
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Intervention
Design exploration
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Intervention
Design exploration

cosystem service assessment | Exacerbation scenario (most plausible) | 2060

Proposed
®
;wwvvvvv; e
VVVVVVY:
vvvvvvvvvg ' |
R AAA S
oo%oooooooé
i 00000: ¢
2 :
Nearly 750 million m? of built-up area protected from flood damage
Runoftf retention capacity increases across all areas, ranging from
o 200 million m? to 830 million m3 !
utent;; dd;&ge reduction
Higher water yield capacity as a whole. .
¢¢¢¢¢¢o¢¢¢€ﬁﬁwma % [
S VVYVVVVVVVYV ¢ Runoff retentionca £
VVVVVVVVVY: 5%
.VVVVVVVV &
i Water$
T XXX X R .‘.‘ (] Pbtentiai dama.a_:je.re.r.lsuctiun ?
0000000'003[“ 2°
; -------- Tian" '*lﬁ,;t.
!
— City boundary
et . . . .
R otential damage reduction - builtup area (10 million m?/each) ¢

x
-

unoff retention capacity increasement - 150 mm rainfall event (10 million m?3/each)

O (O Water yield capacity change (+/- 10 million m3/year/each)

0 10 20 km
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Intervention
Design exploration

| 2060

10S

Territory transformation | Synthesis scenar

Tributary reorganization
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Intervention
Design exploration

Stakeholder status | Current

Private

_—
—
-
- =4
g

\  Profit-driven
. development

=¥ : Lg r{ .3

o T * MoF

A

£  MoHD Y

* MoT . NDRC
o  MoW
« MoNR
Public

_ack of civic agents
Monopoly of private agents
Sectoral public agencies

Civic

Stakeholder status | Proposed

Private | | N\ Civic

Risk manage-
ment-driven
._development .-~

Public

ntroduce new civic agents
Balance the role of private agents
ntegrated public agency network

-> transparency and constant communication

MoF Ministry of Finance
NDRC National Development and Reform Commission
MoNR Ministry of Natural Resources
MoEE Ministry of Ecology and Environment
MoW Ministry of Water Resources
V.  Villager
Vc Villagers’ committee
MoAR Ministry of Agriculture and Rural Affairs
MoT Ministry of Transport
MoHD Ministry of Housing and Urban-Rural Development
NGO Non-governmental organisation
RED Real estate developer
LG Local government
ID Infrastructure developer
Rl Research institute

WME Water management entrepreneur

* Enhanced participation

= Diminished participation
+  Introduced participation

® No change

> Strong collaboration

¢ Task-specific collaboration

&> [ndirect collaboration
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Conclusion and Reflection




Analysis

5t Beijing

=

+ Soclo-environmental factors
behind the duality of long-standing
droughts and escalating floods

A vision for discussion

ﬁ

Unsustainable profit-driven paradigm

Unethical water management approach in often neglected regions

Measure

A1l Waterway

restoration

E10 Elimination of
riverbank protection

E11 Stream bed re-
naturalization

E12 Restoration of
seasonal streams

E13 Removal of dams
and barriers

A7 Water
sensitive land
consolidation

W1 Village relocation

W2 Farmland
consolidation

W7 Economy
diversification

W3 Climate-proofing

structure

+ Potential measures enabling
the paradigm shift from profit-
driven to risk management-driven
development

Possible alternatives - benefits and trade-offs
to become a shared vision

Strateqgy

All aspects + (high hazard, high exposure, high vulnerability), Cost -, Land use shift -

I Rainwater harvesting

I 1
L.; I Farmland consolidation
1

i Restoration of inte
|

I Greywater Recycli

0 -
i
I i
[ E10 ' |
I I
I 1
[ E11 | '
I |
I I
I 1
I I
I |
I 1
1 |
I 1
I I
I 1
I 1
I 1
I 1
a» - '
I I
I 1
> - |
1 i
I I
L P TR
I [
I I
! [
I I
I I
I 1
I i
I i
! I
! 1
I 1
I
I :
e - |
! 1
. has . e s 1 p
QO Prioritized measure - to be implemented under prioritized pathway Fommmm——— e
|

(O Suggested measure - to be implemented under preferred pathway
Optional measure - can be skipped based on future condition
| Tipping point - deadline of implementation
— Preferred adaptation pathway

- - Preparation pathway - for long term measure o _______1___
------ Optional pathway - for optional measure P
* . .
2025 2030 2035

+ Dynamic adaptive pathway
guiding the implementation of
measures across various future
scenarios

Design

Knut |h‘|”|l

“HM'H|HW||‘H|‘M| :;;f ﬂ_ll
T

+ Multiscale design exploration
visualizing the spatial impacts of
strategies

Assessment
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+ Multl-aspect assessment
validating the proposal through
noth quantitative and qualitative
methods.




Analysis

5t Beijing

=

+ Soclo-environmental factors
behind the duality of long-standing
droughts and escalating floods

Measure

A1l Waterway

restoration

E10 Elimination of
riverbank protection

E11 Stream bed re-
naturalization

E12 Restoration of
seasonal streams

E13 Removal of dams
and barriers

A7 Water
sensitive land
consolidation

W1 Village relocation

W2 Farmland
consolidation

W7 Economy
diversification

W3 Climate-proofing

structure

+ Potential measures enabling
the paradigm shift from profit-
driven to risk management-driven
development

Adapt

A transferable methodological framework

exIbility across temporal and spatial scales

to tackle future uncertainty - especially water crisis

Strateqgy

All aspects + (high hazard, high exposure, high vulnerability), Cost -, Land use shift -

I Rainwater harvesting

I 1
L.; I Farmland consolidation
1

i Restoration of inte
|

I Greywater Recycli
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QO Prioritized measure - to be implemented under prioritized pathway Fommmm——— e
|

(O Suggested measure - to be implemented under preferred pathway
Optional measure - can be skipped based on future condition
| Tipping point - deadline of implementation
— Preferred adaptation pathway

- - Preparation pathway - for long term measure o _______1___
------ Optional pathway - for optional measure P
* . .
2025 2030 2035

+ Dynamic adaptive pathway
guiding the implementation of
measures across various future
scenarios

ability beyond local context - localized patterns

Design

Knut |h‘|”|l
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+ Multiscale design exploration
visualizing the spatial impacts of
strategies

Assessment
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+ Multli-aspect assessment
validating the proposal through
ooth quantitative and qualitative
methods.







