HH B 5 (HH B A © B

B PR /KER IR TR B 5t i (AHR)

s 41 EHFRRE

AR
PRI
IRELEIZE -
HH BAR -
e H

l

B

BRZBRZRY

TR

R 52

20254E6 H 22 HE 202546 H 27T H
20254E9H 1 H






T

ERKAELER R TAZER & (IAHR) 55 41 JE R g Ll T el K T2 1 AT 48
R Ry T BTEIER S ERE S ILEITESAMel LRI R i e H 25 Bl Ay 7K &R B
AIEEBPEL - AR E BB OR BT RG> DEEE TS - AR
TR RREEE NN - KB - B - BE R - PEEFT &
1E BoK 185 A K B R /S KL L -

RAFEEBR AR R BB H AR HRIZ > R/KFTiE sy SEELFTA =2 8
S NBIY 90% - &R EJ S 5500 [EIETT 0 AKAHRE K FAEEE - AKEIRIEHROKAE
REIRBE ST Ry R ERMEDRER o 7R By AL I AR A SRS D7 T - fE4 T2 BRI 75
AT © B R T HIBE K44 » K B B TEITE KRR ) » B iinsat i is
BT REIFIR M - B8 T7 (Nature-Based Solutions, NBS ) » #IFR/KFEE ~ /&
e TSR AR BT BARIT L BES R BB R AT T R S -
HEHE TS RO - FREETERHRRK NBS HEG TR S  LUEFIRE
BN - B AL BN TR (AL A L2 PR BB FEOR] - s RS MRRA Y 48 e P B
RIREE - PEIAIRIHES) " B SR /KRR, ) - PR CUKEERY B SR A BT
T2 ~ R B S AR R K T T HUS B IR - 281 » Bl B B E R R - Al
TERIEA » FReTE 2B AR  KEFRESA R E LS T S F R 'K
WEEEIRIBHSIASE - BeR n RIZSEREIAA TS B G RESE B HEELARE
9% » BENFEK - EFBUTESAIRERE - FHEMLNER - ERKEES
EL R RFHERIAR - PIHANESERR 3T " BEE s RS & - KB
IR b7y s BRI A 6 SR LA T P T Bl F AR AR - & UK I35 (PSH)
AR RIS R - WETF TP EREE -

TS R ER/KE B R (A 2 DR TR AR B8 FE 4 - DU - AT A ERY T =X
BELITMERH - LI aH - BIZHEIA RS BIFIGE ST - Wk E 2R 7 81
SRR TE T War =i
BRI T © RfEEE (Climate Change) ~ ZKEIFETE (Water Resource Management) ~ FjHE#]

# (Flood Resilience) ~ Bifir##%Y (Digital Transformation) ~ BEEHKER (Financing

Challenges) ~ BB FS9&1E (Cross-Sectoral Cooperation) ~ 7K J7E88E (Hydropower) *
HIRfE (Nature-Based Solutions, NBS) ~ Bfir &4 (Digital Twins)



B HHY et saeens 1

= BRI e 1
T BHEBEMN s 2
B 0 HBAE coovvseeessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesnns 3
T . |- 3
o BEBEE s 4
(—) REEE TP BRI oo 4
(2) AREKE R ETERFTEMIE cooveees 1
(S) KF T2 PRI AL ... 14
(1) REEE N KERERR SIS E........ 23
(F) KIS BRI P H K BRI ..o 29
B v DVBEHEERR .....cccooccssssssssssssssssssssssssssssssssssssasssssssssssssssanns 34



= HH

— > HRE At

PR K A Bl ER B T f2 22 € (JAHR - International Association for Hydro-Environment
Engineering and Research) il 1774 1935 4F » fEZE S EOKFIRPEA TA2SHIBAVAVL 2 - 18
VIR —(Ere S E B K AR R ~ TIZAREZE ORI ES © IAHR HUROT4
FEJR S R HHBON S SE R K T ~ U 18 TAREI NS 3R > PRI T 2RI 4
EakE] - KRBT TS MOt & TR B I - PR SR [E 3 sH d—(E B 2 Pk 2 7
FVERSEER S - HLE B2 HEB/CH] ~ 011 ~ g - BRI AR A BR SR sy A B B B B B
Feflagller - EBEAOR SRS - e NS K B AR K 3 -

IAHR BRI 25 R 25N E REI B - 1950 T2 1% - g hitathEinsK
T e I8~ TBRIIAE ~ )1 [BE ~ BRI /K TR 2 bl s r M EEZR S
» [ A A e A SR ~ P e B [ P o « R /%5400 Pierre Danel ~ Arthur
T. Ippen * Nobuyuki Tamai 55 » & B/KFRAEHIER ~ o)1 [BL) 5 TAZ S 7 S SR Ay S ER 22
o EE) TR R AROKEE - BHEAEE - IR TS A VRIS - 5 1970 £
e > TAHR #E— P FA S SRS - WK E T ~ fir35 ~ JEMR RSN E &
TRCE Rz H B e B0 R IELHAS -

7% » IAHR g BiE BT GRS - SRR IR K& F AR
S HE 2 TE R P B SRS ASTE > 40 M. Selim Yalin 48 5 st A% ~ Arthur Thomas Ippen &
HREEEE - F DIREZ KRR 2 I i B R B RV S B T AR A - SRR HEE)
BI¥TKEIREHE - HEKLRE - RIZEEFBENK - g2 - Mad2FiaEdE: - (2
AW B ERE HIFHEE - IAHR NME R 2B BRI G 58 N LAY ITIZ L
HREEEF - BESORKETRIHV RS T - ZF R EHE Rt /K& R
FEREZGHY KRR -



A\

= 2HEEREN

55 41 JE IAHR RS &Ll T A K TREBN T AT RF S |, B2 - b
HEER BEESOKEREHE « RIEEEEIE - UK - e - iR 2 H AR5 M
HERERERFT R B BB - ARG THEAR B 2R HAVESR - R ABRE
B LIEE P ask il H I ER SIS S EE - 70 S RO FecR ~ Sugle kg5
2 TSR B KM TAZ RIS R 2 EREE B BRI 8] (RBERIE S & 1 -

AT R G B TS & SRS B a0 mT AR KR AR o e SR e 2 Ay 7KER
b WERRGEAK ~ fElR ~ MEBEF = RERBSEENASM L - 155 K&
s LUK B Bt & B P 5482 g HARK(SDGs) » el & /KB IR ~ 7K ~ {20 Bsei e
AL REF R AR - AEHER RSB EE A+ - VTG B0IR S ER
VR G IR - SRR WL /KA TAZATAE 7Kk ST 3% e AL TP I
At -

HTFAE > RAEEEAT T ACHYEI BB H B - SLMSRE 2 7 TR H B PR A il e
REEK AR BOR AR E] - BBEIRER bt B LR ARSI AOUKETRERE - Rfes
BERE RK > BElR MR R 2 H RS R AR - S2EBYME /KRR S ~ il
SRMEIERS ~ A5 mP5E ~ H 288 5 (Nature-base Solution, NbS) B KA St S SIS B
RAMTNIVE BT - s BB R AR R SRR PRI Y BURERGT > $eTH 8 EEd K
GEEEAVEIRIE R > WA GO - MBS A K@ ~ BE/KE ~ # K
PR ~ AR BB F A GRS - WAHE A A S EIRITEOR - (REBUFERT
& IR A [E ST BT ~ SRABE R - R 2 Ea/ K » BUR T B BLRa EE FF RHE
MR T2 - IAZEKH TIEBEEE] - (el 2B R AP ERIR e K A -



=

* BRAE

AR IAHR 5 41 JEtt RG220k 3 55 1 REE > R s et A 2L HEE (PUB,
Singapore's National Water Agency) Bernard Koh Eng Wah BB EFEHITE ~ BUNE LR
FREE AnaDeletic % ~ £ ARUP TAR2RERI/AE] Mark Fletcher 4885 » &5 5 T
I KRS —FE s EAUPRERELRIRT ) T DIE AR RN 5 - BB AT ENAY
HKEE - TKEKERERE | HFTE 0 58S 4 8 High-Level Panel = /&t
BEFETEPES ~ ¥ - LR~ P i~ 2R B RN A B RIS -
PURCEEMNBAZE SR T ~ HEFUSRIT ~ BEGEIZE - RIS BARS(UNESCO) S B FE4H 4 55

STEMTEEETHE AL » SRAS B KE RS EAY R SRR -

53 IAHR “Z R 2454l R 7513872 (Technical & Special Sessions) & sk » LA Sl a

G o WESE T OKH TSR, TOKF TR SRS R | 2 T EEERH

afam 0 ACERE S B LAED I 4 HRENER - (SRS A BEE IR - IAHR 5 41 &t
SR G e R R EAb o -

ﬂ

HAA BT & 5 1 R KRB U A S BN - 57
S RIS DI S | AR RS AR TR |
KR TAR e R S A LR | T IR K R R P
PIETE S KSR TR P A R L 5 S T - TR A
3 -



o ERER

— )RR Tt 5 4G 1 B o 2 s

FELBOKBLRIR AR BT » BT I DARIFR A s R MR T
HORHEYE - EH I EETR T RIRHIHE - BraERER K
HHHHE Retno Marsudi 245 - AIFEBOPECARREN » MZHYE
LE  HoP R BRI AR B — BRI - d383 - PUKPTISR
EEFTAZEHERENB 0% BN T KERIZRBPE PO OHA -

B ~ i BB E /K B8 Retno Marsudi -L-BI5EE 5

LA > SRR R R BRI AR
LAIBIZL - B 2000 LA > SUUKIERICHERINT 134% - REBIE ST
A BEEE BT BUETAE 10 5] 20 FRLE 34— - BBk
ERSUBBEHE Grace Fu ftH1 » UK - 2 FRIBIHR UK EEE BRI PN 210000
ot



:
A
.

9 3 ! 4 ' '
4157 IR g A : . 415TINHR
WORLD CONGRESS ) . [ WORLD CONGRESS
=1 SIRGAPORE b "N SINGARBRE
= ! 7 ! ¥ 2oz

[ — ¥ﬁﬂﬂi§7?#zﬁ”§*?7rﬂfafﬁ #l % Grace Fu ﬁilﬁ%iﬁzujgx/

i Eeilim A2 IS R E R ESR (2024 SE/KAHRR K & EEEGE 2 5500
[ESRTTHIEERRR) - R & A an L & ARSI AR - T EUKAERIE &
PRt E] > FEEBREE BN ABUEEI H R INERIE T KEFHE K&
IR RN /K REBR I 5 FK 2 2 R H 22 i Ry = BRMEDRE -

|

y Loh, IAHR President Philippe
) Water Retno Marsudi, Lad rs

] = ~ o B KRR BB 0 e e 2



s > M R ER AIFEERTEBIY Tl - JCHAESS B2 PY aoAs A 25
BIZERE 1 sl B A B B A A s EERIR » TPEIERINAE 2021 £E4E
PEAYRSR P > 24 /NI T 4RI R EEUR T KRS B aE B8
e - SCEAZIH - NEHIN - BB E RGN RSB RRIEAN S5
T o EERIRHCREEAT Ana Deletic HPHRE] > 520 - Rl ey
b > FREPREEIEH R A e -

IAHR GLOBAL WATER " SEEES
AWARDS Wi !

e J'ﬂd'v,dual Prof. ANA DELETIC

—/catego’y < Queensland University of Technology,
- .

Australia

& 7. ~ IAHR EJ& Philippe Gourbesville 74 BN EE - B RH KEE Ana Deletic 4%

Smus A B
AR



T 575 EE KB, - 5 BRI P H AT o R S — (3 5 ~ BT L2 I = 3k
AR R R T - DAE s Pt

| Epa it TARAIRT © HaeHy TIREOEBER ) (782D Hy S S
Hoy MBS 50 Forf > BRI HIPKEE4S - K 5% ERRTE 3200
INBEURR/DE 25 AN © AP BAEE 740 T Long Island' | (B IRETHE © B
SIS Y pELER S B DU S Pl BT FIR AR ACKEE IR E 5
FIREEZE ] o o B AR A KO R e e 0B B R /KILE S RS

g K TR - B{KERECE » $eTHBIZ0OKZ 2ORERE ST

b S e

Smgupore s Cousml Chu"enges

1. Coastal Protection
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(3)Hfr IH +E 1) BE M K2 473 74E % 7 (Stamford Detention Tank and Stamford Diversion
Canel, &% SDT Al SDC) * B%aschith (A IIZEU PUB S AR SAYGH Pyt
it > PRAEVEEEG T R-RR -2 EG ) AR —(EIRGF IR T - EBAAERE
(BN itz 54 M OR S BiTES (Orchard Road) 9232 /KR EE -

> HriHERI R ASDT) « ZEmEFE Sy 0.5 A 0 # T 28 Ok o W RMEPIEY
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* https://www.c40.0rg/zh-CN/case-studies/singapore-bio-engineering-works-at-bishan-ang-mo-kio-park-to-prevent-
urban-flooding/



Orchid Nursery) Y F5 B AR N7 & RRIAREGRF - {57 & (Holland Road)
AR K R 2 BRI /KRR A SDT > Tt a] DUETHE 2547 38,000 17755k
AYPRZK » AHE Y 15 {1 EARUC ra S Bl A/ Nt « BRFIEiiK
IR » SR KEFER BUR A HTE R 2 U (SDOHIFEKE

> HrERES ARRE(SDC) : SDC E3M4 2 R 1 A EaVFS s & SDT
B RS E 0] DU SRR /K 28 > & B RERFE 7 7K ie B e
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Completed in 2018, Stamford Detention Tank and Stamford Diversion Canal are complex
infrastructure projects that help Lo alleviate floods in the Orchard Road belt by reducing the
load on Stamford Canal by 30%.

Ruilt undemeath a section of Singapore Botanic Gardens, Stamford Detention Tank holds L

excess stormwater {rom the drains along Holland Road during heavy dewnpours. After the
‘ sterm subsides, the stored water will then be pumped back [nto the drains that fiaw inte
| Stamford Diversion Canal,

| stamford Diversion Canal diverts part
N of the stormwater from the Stamford
Catchment towards the Singapore River
when it has spare capacity to <ope
with a surge in the stormwater, With
this alternative pathway to Marina
Reseevoir, the existing Stamford Canal
is left to serve a smaller catchment, thus
protecting the area against fiooding
duting Intense storms.

et Geser i Kiwh et Sismmond Daryicn Caba( M the e set
Starcsor Canal

stamford  Detention Tank and Stamford Diversion Canal are examples of PUE's  holistic

1 " stor agprosch for Coupled with ‘receptor’ measyres such
as flacd barriars implemaented by building owners at developments, these two projects significantly.
ntianced the flood protoction of the Orchard Road area.

~ BrEE R R oy R T AR
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(4) B 18P B 4 Fh/K ik (Syed Alwi Pumping Station)

BT R 22 Pl R 4 Fh 7K b (Syed Alwi Pumping Station)sg—FEALA &
1 77)71(Jalan Besar)# & ~ £ Rochor 3 a3 N b KE%hE » 72 2025 FE58 T
FHEEERIRT L ETAEE T B BIE e R BB TS A B SR 58 5 )

STz
HN °

a2 ZKE S #1190 IR E R— e BRIGHI /N2 —) » st A =(E
AEZK LIRS A P AR > REAE Sblg SRR PR 7KL _E0#HY Rochor 2&7m] 5 [ AT




K B KA R A4 4 BEARUC se B & A NI (%Y 9300 T2J5 AR
FIRRIZK » DA RS GECEGRT IERRK DR © B KL S RS 4.5 AREF » #i7K
LhE HEBELEHKIE - KRZKZE E] Rochor ZHIHY k7 - JB/ D & R4 Jalan
Besar) 5z FLAT AT 3 6 14 7K g

HHFY A7 (Talan Besan)thB5E(K - 4825 % 1E 2000 FA1 2010 A EARE
AR @E SR E TR ARSI~ EEINE R AE IR T 151 - (2
Rt IR ] > EEEIE AR - R UEEEERS 707 (Jalan Besar)/# /K R »
HIBEEURT PUB AR S EE 28 05 P] B 4 i /K2 (Syed Alwi Pumping Station) » 5 ]
BAEZ S AT SRR R R ERVATR T - SZtKub Ut N = %
& TS B AR 58 HRER ORI I BB 38 - iRl
HFTHIRER T ZE

BESh - ez KniatEt S ERR @R S - SR SO R TENSHE SRR
st » AR BB i 2= ] B L e A > BT IEAF BUEEHY King George” s Heights
FEHERS - FE IS S -

Syed Alwi Pumping Station

Syed Atwl Pumping Station is 3 ‘pattway” solution which is part of Singapore’s wider effarts to adapt to dimate dhange.

The Jalan Besar arga Nas historically faced challenges wit Mveqm mnanngwnmzoousmzomm:a its low-hing
nature. In 2014, PU mvmedlhnb’upganﬂglmﬂl aaaaaa ng Synd Atwi Road and ralsing the road, While these
measures have improved the ficod situation, the area remalns suscaptible 1o flooding due ta increasingly freguent and
Intense rainstorms brought sbout by dimate thange.

P—

With oppeoximataly &0% of the catchment gazetted a5 o

onservation ares, raising buﬂdmgs and roads rhmh

fedevelopment I not femible, Henco, 3 fXiodgate will be

— —_— - kmnnn&edmmdatnvmn:ommqmmumm

) high water Jevals from downste Nmnodmrcuuldu ring iy

storms. This Hoodaste will dvert stormwates osyedlrwi
PUmping Statica, where it wll'bcuunntddmrmﬂ»nmm

wacnal The completion of the pumping st mw«uﬂ
by the end o Mywwﬂllluﬂh Faokionsa food eaers
the lovelying lelsn Sesar a

ST R
/Wmﬁ»p
AWE R e res

A, ey of 10 M A e

B~ PR3 [ 4 /K (Syed Alwi Pumping Station)/ 47557



2.9 HATTEIER) T EKEST - 2R - AU - W BNEK
TR > HETT TR, o BRRF T UKAMREHE D —Re(E ) JRERELR > D
IR KL TS T B5OKEEE ) - AR 7 L KETRREER - [F
I RILEE RS - TR B UG /K BB THERAS % - 5L TH
HRIHEIRETE -

()i B R AR B AR

> B4R (Sponge City)

SR B R L ER AR Y BN I R B SR B S B
el » o2 R G A T s T AR R 2 — - PRty B4
) RS EELRIEEBIE R - BEF b - RIS
i+ AP TS Ry e R RE AR USRI F PRI ZK Y4

AR TR OB A S AR P2 (RZK2 B T) ~ (e
IR AR P /KAL) ~ & GRZKEFEATHD) ~ 738 e B 5247 ~ HGHE
FIFHFRZKER) ~ BECEE RIS 8 K) - BB S 7 ARREE
R ERHZ(LID) ~ &k OB SR TT % - SR PR AT AT
HAERBRGHUKEER AR -

B AR T S B S BRI (B ER R EAEK
HRRER - PR SRS A A SUE SR B R BRI A2
MEVKERRGER ~ 7KI5HNIAERRRAE - BN ZER B4R THUER
HIHH - 2015 FIEZURE) - @M EIKIEE ~ B/KHEE ~ &2
TH ~ NI > $ET i P /K E B AE

SFA BT A i A R 0 1 PEE PRI G 5 [ 2 > e b 5 U 7R S T
TEARE] > B G AR BB KHE R > (e N RSB E T &
fF > TS (IREE BRI A - HREH S EHR T s
A 20%2E 80%ZEF R TIAEAE - FRT T &k CBIMEAT I R a8 /K



AE > TSRS PR K AR S RIFHEITIAE > TRTHKETRARCR - ek
AR EEIREEGE - Bk ~ B ANEIEA R AU -

——— e —

Cwk > WA\ ] Wik |
KK ) = War Bk )
g | <) IOLTRE [T —>{ S

B\ ARG | |

Ke
\@ -

-~ -

B+ = ~ JE4EITT 47 Mo A B R = B (B R A B )
> BEEARELEREEG A S (Blue-Green Infrastructure » BGI) -

& ABHKAR B 4EEL Ringo Mok /BN AICR G 7 Z LS » &
ARV AR ARSI (BGD /S — Rl & " B0, JKAGR T &k, EARZEH]
AER eI BRERhEt e > FE i B A RSV B S B e T
ST Y AT A SR R RE JIRIRIE: - BAGARER - BRSO B AR
AR ~ WA ~ IRIECTTR) B AE ~ SHLETR ~ SkbiEmAAAf
FaptzEf > BRI EE AR R - BENOK - fEeEY %

BRUNSELEEER -

114

8 Ro— = E S NI RV BIPRAR BE ER e & R A
PR ~ BEK 24 TR S SR 168 B AR Bl SR 2 SR E, - B AR
SROHE A B TR Il T A S B » A A e PR /K B Y 28 U P PR (R 22
FomfE - EEZERER - FREERKE A TE B OHOKER - B

PNE/KBURBEE/KE - W5 AR RE SRR DR

* https://www.geog.com.cn/CN/10.11821/d1xb202009002
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BEAN » BERRARESIE N ARG - B S B g BOR
(B - SRR B IR 22 RN R e - $e e EC et IR (R
K et B g ERRE - sk BZERINKSRIR A HIE EEM
Ik SRS 0] T RIREERIAH R A SR SR - IR R N
BRGSHOREER S > B EORE AR E -

o A U HIH B8 B0 P 8 7RE B ok Ak B s 0 A Spl i R B A5 e o
B o 40 (EA 2030+) TORFIREGHZE RV RS EARE] - & JTH R
PR AEk 0 ROKBGZE N84S - HEBIET T AR PR ORBE AT LS SR
DIt eMAI B IS - R > BAEREEEBEISEITE &5
FH AT AN RS20 MRS SR ARSI R (LIER] - FTIEHIRIR -
[HEEE AT R R4 A Ik BT -

A

\\\\\

3]
Flood Lake

E ol

Flood Storage Tank

FARERLGE
Rainwater Harvesting
Systems

B0~ FEES KRR B (E R OR - BEREE

t BB AT RIS B RG B A RrE M S R 2019-20 1 SFOKBEHE ARTEERR
https://www.dsd.gov.hk/TC/Publicity _and Publications/Publicity/DSD_Sustainability Reports/20/blue-
green_drainage_infrastructure.html
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b AEMAEAKEIRIRGE ~ K5205E ~ KRETGE EHE - ZHE
AR T AZHUAH - KISEHEBE AR « WA JAVREE - '
W “ANE - ERE - BERY VEHEE R AREREKE
L NIHEBN AR RE S Y EE R -
R IR O N BB

HAMER AL ~ T~ i VUSRI - I I 2 RAVAS Z1 o &
T~ RREEZ BB £ AR FESR VA & - R B
15 BURF FAE BRED P i -

N IHEHERE T RS ETERE T - KR
8 ~ SRR R -

W fesgEa e ME/KEIRIRE KR E B [ IRAEZER -
A& /KOSACAEE I S E/KESRI AR REIRAE -

B EVRHIORE - RREEEE - ARENARSH - sa(bKER
SBREIE - HABEETE -

SRRIFRIHREGT R

TR AR RRESGT RS TR G B BRI TR
ROMTHIRHT BRI & - BTSRRI RIS E
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ARG S T = EPE ) R BEATEYE SR
LIRS BROHIR R MORE I BRI - AR RAE B A
IESHCR SR AR E Y - BEIERTICEE SEYR - DHEYI ARS8
BIVERE RER SRR KR © 525 2 R4S R IR U R BN

£ RIREGTHVK RSTASUHNECR/KE - /K8 & S SR G
BE - PR - SEMREaRETHR AT TR -

2.3 A New Method for Seawall Design

il The
Triple Protection ascond
|+— The first protection protection

i it

| o S R . AR BE RN s i, (O
. desinat Protection of the tide and Rapid dlscharge of
Ecglogncal Wave diesipaton dissipation of the waves by ~ wave overtopping after
in front of the seawall the seawall the seawall

Measure

Mangrove Restoration Multistage seawall Wetlands behind the seawall

&7 PEARRIERIRESGT RS T =B R

2.2 A New Design Concept of Seawall: Wave-Tide Sepai,' on

@ Waves are the primary factor exacerbating storm surge risks in seawalls.
@ Wave attenuation reduces crest overtopping and enhances structural safety.

Waves can be
miﬁgated

i

> » >
Tide&Wave de&Wave,
Defense Defense

Tide level is
hard to reduce

[~ PEA R HIREG T S804
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BESh > ARSI T SRR AR A M - R AR AL ~
A GETE R AN RSN (et it ~ Vil R R
RERSUESRASE LRV A - B A YRITE A (58 T SR AGHUSE
fERREN: - T 7B R AR SRR MR B 2R DAL -

i B A8 S O Ot A RSt D
AR - RS B NS el e
66 ~ AEBREE - B R SRS - SRS L0 - ISR
MEERUR » S A I R 2 R
R - SRS RSB R AR TR AR
AR B » G555 TG LR M) 5 B MR 0309 s S
B T R G T A A ST BB TR A -

(= )7KH AR Ry s s A B s (L e

TAHR EJ% Philippe Gourbesville Je: 5t » EBOKPRERHTINER] > ZTREEACER
BRI BRI RER LSO ~ BRI K A A R A i B e LT BEE) - TAHR 8 i
YR EIUAEL BRI — - BEAGEEREE - s - P& S (EReE -
TAHR #i{TE 58 Tom Soo $2%! » Eririiilyy HALE REERIFRACR - B S ER R
% LUEAEEZE - IAHR BIEfF Amparo Lopez Hii#E— 0 R - i #AYE JAHR
HIPO RS Z — - FRBEE SR 2 a1 ~ RETREES ARSI TE Tt - diodeh > i Ay e 4
BT - RIS ARACEE JAHR R EFTARTESIIZL

LUK s s 5] 37 s 2 F 2838 55 (PUB) Y B L B2 SR i 5 UK - B
Bz ot - BEMERIES] - PUB B &R Kim Shin Lim Se/E585 228654081 TAHR
e Y RTR A S (BB R EL A AL

1. 8Bt ER (Collect Data) : PUB ZUME(LECHIZS S 80E » WERZR AL Ay
R - R R o] RESEIR M8 A S E S R 25
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> AREERIR - PUB BEIRH S ERAEA © Grab &{F > I Grab A& THLY
TR PR AR e FHRECNIES - 72 AR s 5 T s 28 PRI Ta Pl B R XK
IR DSET UK FHE RS B R - 15 7 — AT RE#F B Grab
EfRE B A KR > FEIRF et PUB AHRH R R 15 Ak s i H A -

Tame Stormwater

Multiple data sources for more accurate rain

Third-party Data
Govermemwhit weathet dats
Open-source maw nformanar

In collaboration wit GrabMaps

B+ - #Thsk PUB BA4ERE TELT - Grab & EUEEZR

silience content and

Facebook page,

1S to their drivers

flood alerts to

&+ /\ ~ Q9EETHLE S Grab /148

> A bhyper-loca)BEH © " EEAHAL ) EfE TR BIY R RIH
HAIERUER T Rl K E IR E BRI i M 5 T - Hr s i
RERZHR Vladan Babovic it EBKREHHIEL 1 At (CCTV)RI T
WEHERE AL THRELERSE, - REEREHGERE - I TEA
#t{b(hyper-local) ; FYEZHIAITEM] > JTCEAE BRI S TP B S HUB
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(D NEERVRR A BT R P T A BRREETER e
SR TR E /N I - B K = Y 2= [ AR AT T > 411400 100x 100
INRE 250x250 AR -

(2) BB BR SRR T ¢ A M 5 VA0 A B e A Y TR ER I - EARE
T RS B SR — IR - B K SRR (BN AR N B
Hr— ORI G UKE SRR S R G B BB A e/ -

G)FIA " HERIERSE 1 (Opportunistic Signals)YTEEER} © HEAH LAY —(E
RESEAT A T RE SR H & 5% B FIER A SR E BE AR » s
EAREHFNER -

B CCTV @2t - Wi A HEERPUBE 2019 LK - [H5FF
F s B BT - Ry R AV PHIES BE S I U Rl R Bl 25
EIARTEE S 2 TR SRR > HAIEERRZ N —Fai it
HEEFRIMEE -

B RREUE R E AT B o] R EIRHIES - B
PUB E2 Grab FERESHGIF » FI 4L AR R SHE B TR
Mgs - B A Es S B REAE NS bl B R IR - DRI FHK
THENE S EEREER -

uuFP
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Tame Stormwater
Analyse
L S AR S0 o

- |dentify Defects

&+ ~ PUB MRS AR s i AR aR 80 - DKL

28327 M7(Analyze Data): PUB HY H ARSE (R AR ACHE 53 B (= RO 53 A
AralieR 2 THAREEE - (EHIERCHEZRT] - 2% > BRI 2 (8 I Es
{EFRAE s il B R A 2 T (SRS BRI B0 > 50 T A RS
TR SR B BRI S 4 - Bl > AESUKEHET > BAYR] DIFEANE B
e~ FEPTEREEKORAYZ R > WAGETER R « WA ZEAREOFT ISy I
(BB 2R KM ) )HIBIZ - AR RE (R LS /KRIVEUKE - DIEBRRAR G R A
b -

3.BEE(Automate) * HENbikE 1 H e BB BRI B B0 Ry 12 2 -

B FREAZME - SRR AR REREER RO - PUB
FIFH SRR TR RS HIEELY 5,000 A BE-RAVHEKYE4E - BES E BY
sl Z IRHHRK G AR R S - BRI’ R IR T
75 f& - % KEASTELSTREIKE - MBRAEEETEE
BEEHREEE -
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B HEE 8 e BB BB =0 T 2 (Agentic Al
Bian - S TAERAE o] DL B EFAURR - FHUAEITBGSSGR
{R#EEC Al HAT PUB B2 B0 i fE R A 55 £ AL T A -

4 22/ (Control) : P K F1l7K e B RN 1 445 48 e 1 Bl#2edil - 28110 - PUB 5838 »
FEFZERORHTFAE S 5FR RS T AFEEES S ) (human in the loop) » BUH#E
R\ E PAL AR SR © 38 RO DISRAE 1B KRR [E] R -t 1 R HI T (£ R i
EREAHAYIEA -

TR 884 (Digital Twin) BLEEESE 7 - PUB HE&NE Kim Shin Lim 58
i o B SR A R B B A4 S R E S - IAHR #0{T%55 Tom Soo A2 - ¥
i B (AT — RS E TR B AN TG - B AR - B - HhBREUH - A
L& BHIK /K IEERAY LI 3/ - 55 DHI A=Y Stefan Szylkarski BI4EFFE R
DHI UK BB B &4 > DAEERATRI L E KR & - D
N R B S AR A KA AR Y3 m B

B (BLEEEHEAEEES -

B FHRSCRAGIRL - Bl E ST KA EE -

W PR EIBEET o BTSRRI IR K -
R (bR EESENE - GO E R PR

V£ SRR S8 (Marina Barrage) (Y BN sE R i B2 14 & - ATJaliARS
&0 R » 24 i P22 TR S B f 1 U7 2885 ] Bt - B A £ 55 5125 (Long Island
project) A3 )\ (&1 S WA P E_ETHAEgS MRS - thFRS s R TRERGA GPU
IR HEE KA - PUB B RE&EAE Kim Shin Lim 2R > HAT PUB fE8fir &4k 1
IR EEP PR - (HERFEESTT -

HKE RS BB KM E T F B T T > S DI H /K &R S B AR RS DA
A E: T VUEEI S OKEERH | ¢ AR AR Kl ~ B2 PEna R NAE 1K ~ i AR KNI K%
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Bk - B/t T B AR /KR SRR S AR E TS R DT T S R (A > B4
B LIRS R A K AT TR -

FEFKEE DT - FrBEREL T &f &t a7 BIan#iiseHy Flood-wise F.L.A.S.H /&
—ESH T AUKE B THEN R > SRR T E R RN 2858 MK S 0TH
LR ITIEEE - ETH RS AT PUB #E8) - &5 /0N RS EHIRT NI KT
AL > FROLENN « AISERYIEPRAIIOKE R BB AR M IR H B % 4 -

Flood-wise 5151518 R ZR (F.LA S )UK E R EH# -

W Forecast(FRUH]) © ‘B AE e B AR R > B HIAITEORIEE pRa SR A S Af -
W Locate(EAL) * 58! AT G HiER /KAy e U be it Bl - FRELSFAt (= S -
B Alert(&#) © KFEATIUKE > TR RSO EI2R YK E e -
W Shield(F5:) * Ho & ARSI TR P A i - R Rk -

B Help(i##Bh) * KSR S B &R SR -

It 21 & Al B AR o 2 BN A - s R T K - 248 B e Ra€ )y
5 WHRERSE T B - ME5REREI M o Flood-wise F.L.A.S.H AFR T # s FI R
g B S G » R TRRRNG AP ERAL#E T5%E - HAT > PUB thRIEN T T {78
94 (Alliance for Action, AFA) ; BIEFREZFEE - HEHIEIKEIMEREER - THH0R
2026 FEHHAZEAT o
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FLOOD RESILIENCE

Strengthening our
Community Flood Resilience

i i i ily, causing flash
Climate change will result in more extreme and unpredictable weather. Intense rainfall can still overwhelm c:]rams ;;r;zx&:;l{)'( o::d res?"eme
floods. Thus, eliminating floods dues to weather extremes is not possibie and it is important that we strengthen c
and manage flood risk collectively.

Our community engagement efforts aim to:
= Create AWARENESS on flood risks

* Foster ACCEPTANCE of flood risks

* Motivate ACTION within community

Creating Awareness Moving towards
Acceptance and Action

To create awareness, PUB proactively engages the public through media publicity,
Lastyear, PUB launched its inaugural flood resilienco campalgn, ‘Get Flood-Wise in
B FELASH in Nov 2024, to encourage the public to be flood ready, amidst To foster acceptance of flaod risks and

increasingly erratic weather and more intense storms riggered by climate chanpe. motivate community actions, PUB aims.
to partner and engage stakeholders
Through the campaign film and a serlos of visuals; PUB educated the public—from through various community activities

motorists 1o business owners - to reference the handy FLASH tips to get and avents.

flood-wise and stay safo during rainy weather:

PUB wiorks closely with community
leaders and the People’s Association
o FLOOD-Wikg : {PA} to drive on the ground outreach
L through events such as Community
Resilisnce Day and most recently In
Nevember 2024, a first over community
table-top exercise on climate threat
was held, invalving grassroot leaders,
residents, business ownors and youths
to discuss on flood proparedness.

PUB also proactively engages premises
annually within flood prone aress,
hotspots and those impacted by floods
10 equip tham with flood protection
eguipment 5o that hey can stay
prepared in the event of 3 heavy rain.

i § (¥

i EHET T TS
e Vi | 575}

i N (IEE
191}

IR (1357 [
&+ ~ 58 bt E KT (Get Flood-wise in a F.L.A.S

0 [ 5 T0
1

== ll—f

i
JQ

s

H)7r44

580 BRI EIEAR B S R E A KA s oK ETREH > DT EK
AR aE B ERVEE - #88E - BREEE - SQ025F 5 H - FEP RIS
B K EZ B GRARAG L PEIBUFRL iR s i OV e B - K
R G B /KA LA S B B AR A 7 = 1 P R /K AL 4 AR LK
i T PHTEOKEE ) RS ek - RS T TR 2 M oK D U5
RIS % EHEKEAIEI R - T PRTIUKE | B S e TR IR | -

" IREZE ) - TAERGRE ) FEZUREN 8 Ky EFEAKILEE T R TR > 28
TESHTIUK RSB E A AR -

PIMEAC A SREE S T PR T OUKEE ) B S ERIRIT 2 S5 KRR R AEY)
ZEMEORETTH - ©AEBERNIR > Al
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KERGHE © EB SR FKAVERIE AR RS ORRE ~ /AR ~ Sy
ERDRKE (CEEEH R - B4R  BEEYLBIE) - AR LRI R
Ry > AT DURBEF AR A CRA K E B > R a i /KB R E E e > priEK
g e I A T OKAURARSE ) ZREHIBKITK S R AP T /K
Je LIGEHRZ /KR B (= S B RE AR DIRE 52
SRR A T PRI OUKNE ) B S A R B e i R A
K RRSRIGER AT - R RENT 7R BB L a TIF - RIS B
REARERTTZE -
FRZERTAL BB O TR RO SR © figft " FHICUKEE ) U (&R - BAGsT
il RO ERERIR - EREAVIERCR G 2 - (@ el B (R R -
BB LR/K AR © (K18 T FHTOUKEE ) EH FiKE S B s
TFRIEUKER ) S SR AT 5 B O KR T 3 > HATE R
{BAGORIE T 50 ZARIARHY A REDIRE -

BFTE: EYSHERIPRLIASISE

(1) Pollution prevention for optimal aquatic environmental conditions

m Digital Twin Technology: An Innovation Engine for Biodiversity Conservation

| By .‘;i:x‘l;in‘ KA ﬁ.‘?.“‘(ﬂ;‘-?; =
P i

KEERBSE, B EORARR B ™ o o mmoni

+ The digital twin system integrates real-time and multi-scurce water quality and aguatic
ecosystem monitoring data, and visualized dynamically nutrient indicators (e.g..
nitrogen, phosphorus) and ecological indicators (e.g. bio-toxicity, chiorophyll-a)

+ By online water quality simuletion and dynamic early warning technologies, the
system accurately predicts water quality trends for the next seven days, identifies and
mitigates risks, which assure water quality safety and recovery high-gualily habitats,

= Inrecentyears, freshwater jellyfish—a rare species often called the “aquatic giant
panda™—have been regularly observed in Danjiangkou Reservoir. Their presence
serves as strong evidence of a thriving ecosysiem

Freshwater Jellyfish

B Bl R K (R R
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Digital Twin Technology: An Innovation Engine for Biodiversity Conservation

BFTE: EMSHEFIPRISITHSISE

(2) Intelligent Algae Monitoring for Aquatic Ecosystem Balance

RAEBREN, BOKESRATE

The digital twin system enables full-process automation in algee sample
injection, focusing, capturing, identification, and quantification.

Under unmanned operation, it autonomously analyzes and outputs algae
species, proportions, and density. This enables efﬂ;:ent and precise A o PR R A e e
plankionic algae research and algal bloom pravention, thereby (M) :

stabilizing (§27&) aquatic ecosystens.

FHANARALIOSEXMENERE D
e . BRIRTEETE

A

ety
N/

map of Water Quality Monitoring Stafion
Network in the Danjiangkou Reservoir Area

[ -~ B A A S R

Digital Twin Technology: An Innovation Engine for Biodiversity Conservation

BFZE: EYSHERIPARIFSIE
(3) Precise Fish Stock Assessment to Optimize Stock Enhancement
HORIRIEEIE, (ICIRmRRanS e csoer el e

The Digital Twin Danjiangkou System includes a resernvolr
fish genetic database. It fully manages genetic archives
and scientifically evaluates fish populations

Comprehensive datasets and intelligent protocols support

targeted fish stock enhancement plans, thereby promoting
sustainable fishery management.

&=~ SRS R RE
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m Digital Twin Technology: An Innovation Engine for Biodiversity Conservation
HFZE: EYSFIEFIPRCIIHEIEE

(4) Dynamic Water Replenishment Optimization to Revitalize River Ecosystems
Sk, SHmEESED

= Digital twin technology generates optimized water replenishment schedules using real-lime data. It improves
floodwater utilization and guarantees ecological flows for downstream river of Danjiangkou Dam and the northern
rivers along the water diversion routes.

= Jodate, over 0 rivers have restored fundamental ecological functions, bringing back the landscapes of "clear
waters, green banks, and flowing fishes".

v SRINTDERR, i KR e T4 NAKBESE RICHIF AT, JEAE R IIA S T
ERE KT

» By ERUIUK Wk nhg; KRS SANREIEAERE ME,

100 ~ i 9 P T R 57

> TENREEE - RN =AM EEA0 2021 SR E0N
IREFROR SN L > o BB AE Bk 5 | A B S04 2t > R /K EEE -
WHETIES T2 WG ENISBIREREAHIE S 2 TF - B0 : BUETEBE1E FOMRIES > 1Y
T 1,200 EILJ5 A REIMAKREIATE KEEST + JLREMTEEGRH/KATH TR - FEEE
300 EMEAIK © L5k > sPEHEN T AR E R - B RIS K IE R I
AR RERRTHHRTAE EBIIAE

(VU)SR 808 T /K E R Iy Bl & PRE B s ERF T & 1 F

HEEHKEREAFEEECHARRIZN TR > WE ZEEFE S E VR EER
% - HAERAFEEEAE - GEalU/KAVER - EEE 2R KR BEFHER
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Flood
Control

Utestyle

Singapore’s Coastal Challenges

Tropical Equatorial
Climate

1. Coasal Frofection
2. Txpansion of Lard Spoce
3 Crestion of New Reserveir

Local Catchment Imported Watar

NEWater Desalinated Woter

ClimoteResibort Watw Souices

NEWater

Replenisking Resarvoirs
Economic Driver szl

39




A1ST IAHR
VIDRIAD (I]:ONGRESS

-SE % 2-TINes
mnowmvl wmummmm
R SUSTAINABLE DEVELOPMENT.

IRKEVNOJLS

BIue-Green Systems
improve livability of our cities

* Nature Based Solutions (NBS)
Europe

* Low Impact Development (LID)
USA

* Sponge City
China

* Water Sensitive Urban Design (WSUD)
Australia

Approx 85% of
unoft is lost

* Max 15% filters and
r28chas streams

i l ||1'| I' (1 ||'l\Il 'u"' {1 "'g ‘ i i \\ i
(VL LS I l f (11 \wﬂ
|\|| l\'.l‘.l\': l|||l\l#!w i I .\num.hu ‘ 'ﬁ‘ﬁ\"m.\‘.'w\\”wu‘w‘.\‘?m, ”‘"“‘q‘l

* Approx 85% of + Approx 15% of rurett
runat = lost 1% lost

* Max 15% filtars and * Upio 85% fivers ard
re3ches straems reuches sredms,
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Nature Based Solutions

‘ AR . g 10,000
Urbanised Harvasting & WSUD i sl RainGardens
for improvement of
water quality in the
Yarra River in
Melbourne

+ Approx BS5% of * Aporax 169 of runclt
Tunoft i fost s Jost

* Max 15% fiters and + Up 1o 85% Siters and
reaches streams reaches streams

i T |Caref A T (| (TS T

Engineered layered ,"‘m' it ‘\" '\ [ ﬂ ﬁﬁﬂ"*rﬁﬁlﬁﬂ?.: ;pla’ tﬁ.lLi L‘L_;.YL‘ il h;"‘w“\\W\\“‘\\q“"\‘i‘

Qoodd\ e i AL |!|| | | | ‘|| \ E\M‘u' ']T‘T"l'“ ‘l“““h‘m'
filtration medialsoil odt Bl 5 e 'u"'.\' MO R 5‘ i I
Soils should haye:
«low trvel of nutrients
* hydraulic conductivity = 0.405 mih
-lsﬂhmﬂﬁnubisﬁlwwmﬂi

Nitrogen
removal
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Carefully selected plants

Where does Phosphorous go?
% of TP retalned by

[U— Lt
Wormaes
et i IS

Unplanted

Malls

Plants are the key!

Autoradiogranhs of “P diskibuson across 2 Carex appressa
plant foliowing three days of dosing wih labelled solsion

Carefully selected plants

shoot

Where does Phosphorous go?

% of TP retained by

L Mall Umaccanted |
fur
[

Unglanted

Plants are the key!
Autoradiographs of “P distribution acrass a Carex sppressa
plant following three days of dosing with labeliad solution.

Where does Phosphorous go?

% of TP retained by

Plants are the key!

Autoradiographs of *# distibution across a Carex appressa
plant following three days of desing with Isballed solution

Novel anammox biofilters

ntional bifilir

Ty

ney

*Sgnficardy  lomar  fue  nzogen

‘ cancenrations m al ceeditons

+ Mk bighee N rsnaformatin rats i tha
ﬁ“ I %ﬁai:a AnammeE proc
L)

fabbled isalope tracer study)
sHiy

BT
Wvki

concentrations over a 25-week

Blue Green
Walls for
Grey Water
Treatment
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Blue Green
Walls for
Grey Water
Treatment

Benefits of Blue-Green Solutions

Environmental Benefits

* Pollution management

+ Biodiversity protection

* Air quality improvements

Direct Economic Benefits
* Waltersupply

+ Cooling

+ Property value increase

+ Flood protection

QuT

Could Nature Based Solutions
be used for managment of
urban flash floods?

e =

Joummel of Hydrlogy &

Hydrodynamlc
flood models are
not adequate for

: assessing WSUD
impacts on flooding

Wy

T
el

We need conceptual fast flood models!

* Fast: Simulation speed in the order of seconds to a few minutes

+ Simple logic: Based on topography and water balance
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CA-ffé Cellular Automate Fast Flood
Model

i e
X N

Dr Behzad Jomall |

* Conceptual urban flood model
v1D pipe flow model (SWMM)

¥2D Surface fiow model (Cellular
Automata)

CA-ffé Cellular Automate Fast Flood
Model is static

EPA Slarritdmes Narwgemon Moo

E Dynamic CA-ffé = .-

=

< 7-_\’@“ : =

— T -

Simulate surcharge evory At

ERA e watien Mervgama Wrre

L7

~

E Dynamic CA-ff&

* Short simulation time (few minutes)
* Reasonable accuracy for the speed

+ Nash-Sutcliffe Efficiency (NSE) ~ 0.7.0 9

i
£

* Root Mean Sguare Error {RMSE) ~ 5 - 15%

a

* Reporting inundation depth map (N0 velocities) we

Physics Informed Neural Network

S (PINN) for solving Ko
momentum equatio o

n of surface flow

novel opography-independent PINN model

* The full 2-D Shallow Water Equations were Solved at the grid scale using dl
the PINN method

A

* A 3x3 cell configuration was developed to avox boundary probleme

Scotchman's Creek Catchment
* 270ha

* 2404 buikdings: {1 tank for each bulding)
*  Atotal tank vakime of 8,200 m3

* 85-year historcal 1ainfall

673 {6 M reaoion)

L=

L=
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ML Tank Waser Bulance

Rauslall-runol] mndz|

Stochasiie wy
B ‘

RIS bebatiour sonipe moke) .L.T."‘M A
Rainwater harvesting for flood risk reduction

o ""-"'l“"‘

Sevnss | midel

S — Rainfall ¢ven i extraction
ff““"“g:‘?;“{x“ 2iEAUa SO ' Fast Flood Insimdation Molelng
S— * LEAKY'- tanks always empty | E | DSWa 4 A
before the stom avents | - &8
= INDD-  ndoor demand
= OUTD-  outdoor demand |

* FULLD - bothindoor and outdoor

M1, Tank Water Batance

M Tank Water Balance
Rasiediall. runo fy touded
wene
Ramfell ranidf puestel T Y
Swebaste waser demand el
" gl R

Stochétic wxler damand modd
s .

R bebasiour stirags aids]
e

Rsanfil oveats sxtraction

Fast Flood lnundstion Modelling

JDSWMM | Catie

el
cost [§)

Rainwater hary

esting for flood risk reduction

Rainwater harvesting for flood risk reduction

(4) T,

*Bal
~ INDD

* BAU

ouTD
~FULLD }
= INDD [ ~~LEAKY
ourn = { 10 i i
—FCLID | = Retum period [year] ! ia
—LEAKY Z
=

Retum pesiod {yer)
Comtrivation of 2ta 10-pess fioods
10 e overall rok s sigaificant

—————— At
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Finding the most aftechve location for NBS
urban pluvial floodin i e

i = ==

LWL

Rainwater harvestlng for flood risk reduction

Up 1o 30% reduction in
Expected Annual Damage

A\? Vlv;

e o . o )
'S

EAD
Mifion AL

MH TN ‘Wi‘
\»'\‘w“h‘,\u\w I

k ARUP
Intelligent and Green Infrastructure for @ » :
Managing Urban Flash Floods

MllkFlel:herf ')
otal Walpr Fussiomss Laa:

Contents

1 Introduction

Reference Countries

2 Challenges and opportunities

= 0 usa s
Bl 3 Austostis e : _'

3 Working with nature B 2 chine 0 o ‘ o

4 Applying our thinking 8= 5 Uk : o

5 Learning from projects B= ¢ SouthAfrica o

6 Conclusions S 7 Philippines T (3}
2 8 span 16) (]
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We all live on one planet

11—

Wal\mmomnmamcukoy
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In practical torms we have broken

these Global Drivers down to some
ey issues that v can raspond to

CUNATE Cmmp,é

G-
Climate Impacts in USA

eisn
Climate Impacts in USA ©-

From 1980 - 2025

Rt L T Sy e

31 ceought swants 203 vavorp » wﬂhvumA and

I"""\hl | H\l Il l\l“
17 .\&\li‘\\\\\l' ‘W\\'\ \'

Total $2.9 trillion in
losses/damages

I R, o

AL A\ Y Y \
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Cities

Challenges

©-

O e .0

Physcall Mental Urban Nose: Los of Urban Green
Weleing

Heaith Crisis

Some UK Challenges

@ t11 sy,
0 l ia eilln.

e 2 Ll |
Managing aging Plernding tugn Lecormng restient Weeing increasag Roinend rg ko riew:
Infasinucturn quality weser 1o dirale change housing demard

leghtatan

Waler

SMART & Sustainable Opportunities

Al

ﬁ & A
YO gh)
O _ ik
Technical Noture-tosed Cireadar wanar Communiy
anoxion Sclubions (NBS) oceromy o
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TV

AT

w
We integrate nature and systems thinking... ifil
Harness L (17T e et ' N{IALIEICAL
b \H““‘\"”‘*‘Jul'mf"“lmn‘h"“VM T Ul‘l&“ufjVﬁ'\"?“‘a?rg%s;l\lll\ \l‘l“'l »‘l‘l .
T ww.ru\‘.n:‘mﬂmmmm*ww L
L | | !

--.across all typologies & Scales...

—  Urban |

Wa have a history of design and delivery across all
lypologles from the very urban to the very wild.

gff,fl.}mre regeneration

+

ur bgecach
Environmental Benefits

®

Suaracn s e
Fedviiy e ¥

D

Commay (= ivmes
W v

ENVIRONMENTAL
BENEFITS

eceiogie res v
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Oult wppeosch

Benefits for Paople

1

Y i‘
s

SOCIAL
BENETTE

—

urpEeach

Economic Benefits

ey et
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Prwntt o kb
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ECONOMIC
BENEFITS

e pr—

Sacorog e

@
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Sponge Cities

(RN l"\ﬁ_
|'I,"\,'|| lHllllllﬁt'llll'\lllll | ll,'ll \'lllllw','l'.'\"l','l',|"||“' l| l.',\ || |'\‘,'l*.l :

X
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Design with Water :

Dasion wtr Ve - Koy
Layers

Theaicr: wih Waiat Sarbaiorn
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B=
Clty Water Resilience Approach
Including Cape Town,
Greater Miam| & The.
Baaches, Amman, Hull

. ‘\\"."'7'7‘”“’"“”
P L 1

(AR “_,"'u'\\'\"wl'||"||l\|||“\||”xl %“}“
,"‘

u.m’, \hl\' | n i \ y‘
(R
z& Al rw \\\:""

S

B
City Water Resnllence Approach
Capa Town, Greater Miami &
Beachas, Amman, Hul, Rmmdam
Thessaloniki

4.,nnunluulullxwulu

=
o
D v

P . $778 Ty

&) ¢

“ElNino Fiood RecanSruction
T"National S<ale flood adaptation
« sarogry
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Flood Adaptation
Programme

El-Nino Flood Recenstruction

National scale flood adaptation
programma deliverad as a G2G
betwasn Peru and UK

£6 billion+ 17 River

basins

7 Cities

9 Rouoe { crv U

DPC Major Prolect Locations

Major programma to strategicalty
Increass watar sacurity for England
& Walos

Value £50billions over 15 YoRrs

(i ( “'“I V"‘\ H \“u 1 u
S —— AN I
\M' ‘\l‘\\;l‘ll”\\\ll(:'lw" :aw'es‘ua‘e,; Aqueduct I "‘iw‘\‘l'w\i'}“\'\‘\"““‘o‘\‘” il " "\
4‘| lu I .\| esilience Programme

(HARP)
Ma[ov 108 kin water aquaduet 2.
p q!ylnmmwu

hlﬂ‘]l I\ |||\ . Hl

\ ||‘

9 e, cie B
Shanghai Urban
Drainage Masterplan

Integrating bive,
non-physical imrnn\non:lo

Seliver wider benofits for acology,

&conomy and public health

>34m3

Storminater capacity
pan

640km?

Sita rea analysed

reyand -

9 ssnprai o B Q"
Shanghai Urban

Drainage Masterplan

Systoms lod strategy

Green infastructure

et ")

Bll.e mlmsﬂn.clure 2

Gray ilﬂvn»tnmlerE

(LTI
‘im‘u

‘||.|l|\|‘,‘\ Illll{“'.‘ ALV
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9 onatvie, xS

Ty ol 24s Grimy

Mansfield Sustainable = iy
Flood Resilience . £85m
One of tha largest blug-grean surface 2 5 3

mnrmmmcm programmes in
the U

e @
The Sydney Aerotropolis Water Strategy

bringing’ commumtles

1 2 km together
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Little Island

d8Do the-design choices
wefhoose make living and working
g in whatever environment we're
designing more sustainable?”

2m Gdwry, Meouscs aret Voo Panrerg

- anme e

B

Take home messages

Climate changeis a
global threat.

MItgata co e, Admpd 11 1
3 7

Buths Neattlarce
e £

Act at scale and
share learning.

o oo Shunghal jory
acale) 40t Pars wartry warm)

Influence where
you can.

Cities are systems
of systems.

00K 7 170 doptdancies wx
Ietargapendsnclee cowaen myeena

Embrace
sustainability.

Understand the
governance.

Chety e rubon. reepesmniiiies ard
vt M 0w 10 W

“If we fail on
water, we fail on
the Paris Climate
Agreement, and
we also fail on
the Sustainable
Development
Goals”

.

Professor Rockstrdm A
me':-‘um#m

JAHR Honorary

Membership Award e . ot mabe o AR

Prof. JING PENG

ol et I 2 ki ont Sowasrh ITAHE G

s i AR s e o o A st
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|AHR Honorary
Membership Award

o o fctpgmOnd s Sl casRRr 407
e Ao 0 S AT e i g et
coommnty”

47 Arthur Thomas
en Award
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hievement

o 415T 1AHR
Y wor CoNGRiss
B SINGAROR
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FORSUSTAINABLE DEVE1 Ot e
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Singapore’s Today
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Singapore enjoys a good supply of water because we have
closed the Water Loop

4, | Collect Every Drop
5 J of wat. &7 7K

Reuse Water Endlessly @ Desalinate more Seawater
\ e

rounded by

To Collect every (rain) drop, Source Control is essential

JRIKIKREHR

Guided by law t
treatable &

@ Policy & Regulations 7Ki5 44l %

National
Environment Zf 187

oPruB

»

:
1

Glntegratod Water Quality Monitoring ‘287K

© Landuse Planning 3% %)

7

17 impounding reseivois

g Landuse Planning & Water Quality Management:
ABC Waters Programme PTG AT RE L o H A
PUB’s ABC Waters Programme

the Active, Beautiful & Clea
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e Example: Kallang R-ver @ B|shan Ang Mo Kio Park

OPUBES

9 Biodiversity and PUB’s ABC Waters Programme

Several fo

=nable bio

nts, Creste

left &

Achieving Harmony with Nature
G EAMEREMER

of today 15 buit upon Singapore’s

able us 1o luII) cealizé our vision of

armony with Nature

FREKFI Ik
EVZSHIEFRIPIIR SRR

Practice and Exploration of Chinese Water
Enterprises in Biodiversity Conservation

¥iL 7 r“l "nh“h FRBHELE

RIS ATKRIL RS SRR

BIDR'S Principles and Explorations (n Water Conservancy Projects

EHBIERIP RS ER
B vl 1 for

FRKIES ATEA S E S S HE IR 550

BIDR's Conuidarations and Actions (n Wator and Bjodiversity

RERR: KIS )Eﬁ?hﬁiﬁuﬂﬁfﬂ?‘;ﬂ&ﬁ
Future L Water C
Pll:lt‘l.‘& and Blvllvu..lll Cooservation

PREF 2D IERESHESR

BIDR's Principles and Explorations in Water Projocts
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FARLEF LA THBBRSTER
npﬁgg).,yxsla BIDR's Principles and Explorations
ina's Water Governance Principles

AL AR EAKHSRNBE SR e LIRS ENERRERER W, BRI REOK RS

NAESHCE PR, AN, R 3 EIMEEY, MWQit, RERRNMRENS % RUERSIANEDIAES, FRMRRR.
MARE, E22S, FLUSR PROK BARN, TFRIFESNELR, '*ME%W&&E?D!?U}@JIEIJ‘GHFHFM
RIS BIDR, as a based enterpi directly under the Ministry of Water

Resources and an implementing agency for foreign aid projects under the Ministry of Commerce, has taken

in actively impiementing wate r gavernance prnciples. We fully mmplement resource cons
and ecological protection Lon..e,u_ )

rvation
e E such as project planning, design, Investment,
construction, and operation and malnlenanct orative innovation in knowledge accumulation,
technology Iteration and product R&D, we have accumulated extansive sxperience in watershed ecological

ed the waler govermance prmaples o “paofitizing waler conservation, batancing g e and p of major water conservancy projects.

and Ket syneray’, and estatlishes (he
“genuine necessity, g ¢ and sustainabiity” This apoeoach
ors, forests, faemiandy, i
velopment 1o safeguard |
preyerting water and G0

. consenving wiles o . " acology and IMprving wisker environmee, whits ¢

AT
e oo aad Doy oo 19 CHIS s AURBI MRS AR (D R L L e T T

EYEZHERPHBREER
Background and Requirements for Biodiversity Conservation

PERRR
EUSHERPERSER by
Background and Requiremants for Biodiversity Conservation

BT sy

oog ke fitat countrias to sig alion an. Biolagieal nacaty (CED). fa o prasidency of
Kunming-Montreal Global Biodiversity Framework (GBF). Curcetty,
3 f Aaicial shrafigy. Chirt s ugidatit its teticds! B Rty Strategy

and Action PR P) vy gromaling the ming ol biog 7 sectors and
1 Chinas water-reiatod (aws and regulations, including five Walsr Law, the
Yangtz ¥ 1d.the R ofion Law Guited by the prncgie of "green development and

harmony between humanity aod nature’, Ch ot entorpses ate actively workng 1 fine win thase ecusements

GRENOMBHARUNBERN b

BE1: NpEXAARETRSSHHALRSESHRENTR?

L% Consideration 1: How to coordinate water resources allocation to meet both
economic and social development and ecological environmental protection?

FRIEB AT REEYSHER
=S e E

BIDR' 5 Considerations and Actions in Water and Biodiversity .

P ADASEA(2920)

ik 3
of per capita water  Distribation of key ecological function areas and
density in China (2020) rasources In China priority biodmersity conservation areas rl China

PRS2 O E FEF T AN ETIES TR
Layout plan of China's Precipitation distribution Schematic diagram of ecological quality
wrbanization spatial pattern in China distribution in Chinese counties

59



Tl)1: RReSSEFTANER, IVARNESHN
Action 1: Actively participating In construction of national water network to

improve larg e ecological environment

e, SR

wvices for tha East

(Phase 1)

I has becoms a for op
enguring drinking water safaty, re
taling economic connectivity northem 3

China.

Tl MRSSEIXMEE. XBXREESHA
Action 1: Actively participating In construction of national water network to
improve large-scale ecological environment

—W3LH (Aythya baeri) BURELUD,
PR

BE2: MAERELETESSTNESHR. SPINERER?

Consideration 2: How to restore water ecology and environment of
rivers and lakes and maintain their health and vitality?

BEOHHRANEESA @

Fifiz2: NETERBEEANREFRRELER ERLAREARD—HL
RIFRSAE
Action 2: Adhering to Integrated protection and systematic
mountains, waters, forests, farmlands, lakes. grasstands a
Watey  soarte - TIermbine  amA . "ol
At Of Gande Sy wislnr: houros
oonseneom e Jrotecton,
Fbriennioe af Bow i (v @iecnl
ook

e of

| KEARAESARSESEETR

Overall layout for compr
restoration of the Yonncmq River b::m R 35

Egz E}L&&Hﬁ!ﬁﬁmﬁ'!ﬁ&tﬂﬁ (ER LK EEREY —

Action 2: Adhering o Integrated protection and systematic governance of
mountains. waters, forests. farmlands, lakes. arasslands and deserts

PKAEE A ERIEAIATE R E
LHEEEYSHEAIRE, EREES TSI
SR BRI NRAS

ormidor

ersily, the [eappeamnce o
wmber of Halcal nowcr(onclm

gx‘m;u }?ﬁiﬁgﬁﬂwtiﬂiﬁﬁﬁﬁﬁma SRR ERED — R
Y = ll:l

Action Adhering to Integrated protection and systematic governance of
ests, farmiands . grassiands and de

A TR T BIGR
: =
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B3 NEEERAEERTNESEAAIENENSHERIPHEN?
Consideration 3: How to effectively mitigate the impacts of water conservancy projects on
biodiversity through technical measures?

AR
ot ) o Mitigation of Tow:
Ecological fiow  temperature water impacts

discharge

; Riverdake
et Interconnection
Scheduling
optimization

Technical

Habitat protection Enhancement and rc|LasIng
Fish passing fac Lirmma 4

TH3: SEER, £TME- (1) UERENNESHR
Action 3: Respecting nature and prioritizing ecosystems - (1) making
preliminary ecological surveys

FAEXTRCIEMBLSTSMESTHE: =

MRS, EERRREREONA (eDNA)
t stage of all major

Comprehensive ecological surveys are
I onal dats collection and sampling

projects. Blodive igated by various methods. In add o
3 environmental DNA (eDNA), Al Image recognition and voicaprint recogniiion, have

advanced 1o
cal surveys in recent years

gL ||
’nu.n-lm\.ush

/MR- (1) RPREWEESHE

nd prioritizing ecosystems (1) making

AR R T AE B, ARSI
AN ERIPIR T R AR

For a reservok in Yunnan, during
assessment, Infrared cameras wore used (0 conduct int:

of koy bird spoecies and their habitats for two years, pro
for for hablitat

protection.

the eqvionmental wmpact

igent moaltor

AAL B RN AR AR

TS BEAR, £3R%- 2) KRISARES
Action 3: Respecting nature and prioritizing ecosy
project scheduling and operation

ems- (2) optimizing

lﬁﬂ“FA!iﬁzﬂm TR EK T, (ﬂ%i HESR

We protect habitats by releasing ecological flow, mitigating the

* water  disch and

Impact of
ecological scheduling. In & larga-scale profect, an scologicsl scheduling
7 between (ate March Apfil

is conducted annualy for 3 1o
a fotal we of 33 1o 972 m o, o facitate fish

OO ough an online monitoring
Coordinated ecological schedui wonted acioss

aches as well 3

THS: WEEZ, £56%- (3) 2RIARE
.’h.ﬂan Respecting nature and prioritizing ecosystems. (3) Setting up fis
Ing facllit

SRINHE

FAE R

R
In & dam renovation project we designed in Hainan Province, fo restore
migratory pathways that had been blocked for many years, we selecied the

vertical siot fishway dasgn th amparsons and

model tests, aiming 1o resstablish acciog
eam and downstream rivers. We have experience in designing
s with &

ups
passing facilies for high dams and large reservoss In cok

clovation of 4,300m on the Qinghal-Tibet Plateau.

Q N3: §EG EBMWE- (4) AMKELQRAWEE
Action 3: Respecting nature and prioritizing ecosystems ~ (4) Restockl

and releas quatic organisms

fHEReXFEERSAERPARNTR,
IR TS AN, FRPBENERAR, &
Wi IRAEATA, MRS HIMERKETIS,
RIPRERE RS B i
RIS, TTRSE RS PRIP RSN,

For projects located in oe h abundant fish resol
ey protected fh specias, we have bull seding
conducted ressarch on Ihe propsgation of special J
cary out long-term
projeict v designed in
rabaudl was solocted a6 the targ

ding stalion was bult to conducl
opagation, contributing 0 the con
oA L RS

blodiversity
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BREXRE: KAIBSEVSHUERPD
AREER

Futuro Prospocts: Sustainablo Development of ar Consarvancy Projects

and Blodiversity Gonservation

FRERR R

Future Prospects

. mﬂﬂﬁglﬁmkimnﬁo inmwmons dniving ewlngu:al rotection
L83 f W! 5.3"1‘]1!5&#22 '4"

BRERSREAE | (EReEwEARear
[nternationad exchanges and pmjeiJ Technics! exchanges and cooperation
\¢oopembon _______ Lamong develosing countries

*gﬁﬁnn vﬁﬁjmngress

s 525511'5

The 5t Global Water Security Seminar
.

— =,

__\Waterand Biodiversity

I -I—I W= 3

“WATER AND BIODIVERSITY

Federico Estrada Lorenzo
Director

it CELEX

' WATER AND BIODNERSITY
~Best prectices in Spain -

" Federico Estrada Lorenzo
Director

Context

Water demand
* Population: 49 M inhabitants +94 M tourists,
» |rrigated areas: 3,5 M Hectares
Hydrological regime
« Extremely irregular.
= Very fragile balances between resources,
water demands and environmental needs.
« Situation aggravated by climate change.
Biodiversity
« Home to more than 85,000 species of animals,
fungi and plants.
« 54% of the species found in Europe and nearly
5% of all known species.
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nce in Spai

rnd
Basic principles of water gove

Context

+ Stable Iega'and.nsritulicnal framework
ta
+ Basin management through RBO
ent
+ Integrated Water Resolrce Management
+ Environmental flows are 3 restriction for water uses

+ Water allocation assessed and defined through the RBMPs

Measures to reach water planning goals in REMPS
Users' & stakeholders active participation in water management

River Basin Management Plans
Water allocation and environmental flows

* To issue any water permit there must be a previous
water allocation contemplated in the River Basin
Management Plans (RBMP).

Spanish regulation establishes environmental flow
requirements prior to any water uses.

Such Environmental flows are determined in the
RBMPs: minimum/maximum seasonal flows, flow
change rate and flood flows.

Fishway

DIGITAL TWiN EMPOWERING BIODIVERSITY CONSERVATIO
IN THE SOUTH-TO-NORTH WATER DIVERSION PROJECT

HFEMERKILETEE NS EFRIFIREES

Liu ZHENGBING/2025.6.23
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South-to-North Wate d Chapt Ecolagical Benefits of Wator Rea
MIZKAER : KB

CONTENTS y o sl i ooy i B e Al
=EHE ot

1o w
P - 1 a En n Routes, I ing nenocts
01 South-to-North Water Diversion Project scm o 1

er and Ecolegical Benefits of Water Reallocation

K ERERAEERES ST

Digtal Twin Technology
Anlr jon Englne for Biodive

SEHE RPN

Continuocs teration
Supporting High-Quality Development in Water Consarvancy

Suppa
B hEAi KRR R A TR

South-to s on Project: A Grand Chapter and Ecological Benefits of Water Realiocation
M2KIEE: AEBARMESRESESTR

Digital Twin Technology: An Inn on Engine for Biodiversity Conservation

HFEEE: EUSHIERIPOIFGIR

L09 Met ARorittei
Ko, ¢
o

y enhancin oparalicn sl

Digital Twin Technology: An Innovation Engine

BFEE: SYUSHERIPOLIIEIRE

Digital Twin Technology: An Innovation Engine for Biodiversity Conservation

HFTE: SWSEERIPISAZIS

(1) Pollution prevention for optimal aquatic environmental conditions

Biodiversity Conservation

B R LS M e

qualty and agual
tors (e g,
sictly, Chicropivdi-a)

3 techinologion, the

Freshwater Jellyfish
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Digital Twin Technology: An Innovation Engine for Biodiversity Conservation

BFEE: SHSHERIPNOLIRSIN
(2) Intalligent Algae Monitoring for Aquatic Ecosystem Balance

v tystem 0 aigae sampk
g, captur " on

1rags ol Watat CrealTy Momitoen;
Meworh n G16 Danjanghos Rise

Digital Twin Technology: An Innovation Engine for Biodiversity Conservation

HEEd: EOSHERIFeINSINR

(3} Pracise Fish Stock Assessment to Optimizo Stock Enhancement

Fiah Geratic Datahess of Ossfiangyen Saservol
- Shacking and Erhsncmmant Steikry

The Digeal
fi nelic

Digital Twin Technology: An Innovation Engine for Biodiversity Consarvation

HFLE: EYSHIEEIPMEIE
4 M:mwlmnmmwm

hmant. sehadises i ¥ ta. It impe
owsLream TV ¢ anghou Dunt and the

BORGNG BRck 11 18I8C3peY of “clow

m Contl.num_n; lteration: Supporting High-Quality Development In Water Conservancy
A BMAHMRAHERRER

Myitial Towiny Ditryany AT A BUCCrSS M) bmpowarig wiker sairen manogermin

i appiication of Al technologres, sdvancad moniioning and semng vysliins,
iy Watring, il

Grengency penting, nod

vuloginent and high-lve ¢

Conclusion
i

i
2NmAIRY R

m monitaring

annel, fish passage of ITAIPU

d chatlenges 811E RS

The Piracema Ch
conclusions f

Caroline Hean
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The Piracema Channel, fish passage of

s and chal

Caroline Honn

oftor long-term m

ot

ITAIPU

427 (A
WORLD CANSALSS
i

103100 ex 20
83800 79m

Y= 196

WA

Piracema Channel-10.3 km
6.7 kkm — Bela Vista river

Piracema Channel - 10.3 km

6.7 km = Bela Vista river

iy SRS Piracema Channel-10.3 km
6.7 km - Bela Vista niver
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Piracema Channel

Piracema Channel

Piracema Channel

Piracema Channel

Piracema Channel

Piracema Channel
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Piracema Channel

Piracema Channel

87 Ww
E Wi Eosanss Fish samiling
BALAZTRE
ZESTE 7 tield trips by year / 24h effort at each paint
Opened in December 2002 * Gillnets / castnets / electrofishing / longline
Monitored since 2004
187 fish species

41

PIT telemetry antenna designs

F)eh v me s isaide the Peucema Chramoel
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Final remarks

+ Only a few fish tagged at Yacyrota resched tho

Pimncema Channei; the system remained closed
nbout 50% of the time

15T
L0 CONENES

Structural adjustment

). i

DATENGXIA

EMSHRERRRKFIRA
% R SR ER AU 5

Innovative Practices of Biodiversity in the
Construction of the Datengxia Gorge
Water Conservancy Project

HEKs uesm
HU Mangquan Vice Goneral Manager
FEARRKIEARLEAREERR

Guangi Datangxia Gorge Water Conservancy Development Co.ltd
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Biodiversity Conservation Practices
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Biodiversity Conservation Effectiveness
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Darehoxia Blodiversity Conservation Practices
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g Main Dam Fishway,Nanmu /
Fishway.

otal length of approximately 9 kilometers
he Nanmu River Ecological Fishway's dobmstream
section has 1 constructed to simulate naturdl nver
tly, by dredging 1.88
d sections downstream
5f the fishway, a 30-kilometer migratory corri
connecting the nmu River to the Xunjiang River has
been successfully restored
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Ecological Environment Monitoring
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Ecological Environment Management
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Datengxia Corporation thoroughly implements the environmantal protection philosaphy
that *lucid waters and lush mountains are invaluable assets,* resolutely shouldering political
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1. Research Background

® There is an international consensus on applying nature-based
solutions (NBS) to mitigate extreme weather risks
® China has also been actively exploring solutions in this regard.
" ® The GBA has achieved remarkable accomplishments in the
S_— construction of the urban seawall.

1. Research Background

South China Sea

) Storm surges aeour (A" The Length
‘-’ frequently (5~6 times ‘ 2500 ikm
a year)

1. Research Background

The seawall in the GBA faces the main problems

Traditional seawall reinforcement in the GBA primarily involves raising the structure, with a
maximum elevation increase of 1-2 meters. However, as this seawall will ancircle urban areas,
they create a growing conflict b flood safety, log preservation, and urban
landscape.

t "
Traditional seawall upgrades mand for urban waterfront accessibility

Saffy

fE———)
L7 73k
.!n.m p——\

) from o e

1. Research Background

® How to innovate seawall design concepts and develop hazard mitigation
technologles that achieve integrated enhancement of both storm surge
protection and urban landscapes under height restrictions?

® This represents a pressing frontier In scientific and lechnological innovation
requiring urgent solutions

® Overiopping failure: The proportion of disasters caused by
seawall overfiow has risen significantly.

® Landward slope tailure induced by overtopping: The
breach risk increasas markedly due to erosion damage on
the leeward slope from overtiow,

Basad on the postcisaster investigations of
30+ storm surges In the last 10 years

* The seawall design standard was elevated to a 200-
year return period : the contribution rates of wave run-
up increase and tide level rise to seawall elovation are
55% and 45%

Crent Hotghl Deficks.

Required Incrosse undar

DMMUM
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2.1 Main Cause of Rising Storm Surge Risks in

Wave enhancement is a key factor exacerbating the risk of seawall fallure
P z Traditional seawalls

Beyond design standards:
L4 ty | r drops vapidly ® Low res e
Wave amplification impacts seawall structural fallure risks
more than lide level rise

Caos Analysis: the compoato soawnt soction of Shanzhen Wasten Sawel

2.2 A New Design Concept of Seawall: Wave-Tide

® Waves are the primary factor exacerbating storm surge risks in seawalls.
® Wave attenuation reduces crest overtopping and enhances structural safety.

Waves can be

hard to reduce

2.2 A New Design Concept of Seawall: Wave-Tide

Intograted dotense against
3 e

st waves and

Seawal Engsering R
moarkment + Seawall + Wave

Storage Facilzies behind the Embankenent
Crost Elevation

al the

Design Tids Level + Wave Run Desic — -
pr et o 4 Satety Frasboud Dasign Tide Lovel + Safety Frasoonrd
Disastor Low Protective Resdience of Strong Pro! Rosllience of Ecological
Pravention Enginesring Contrer ablty
Resilionca
Enginoaring stion coets for large- Utitzs the Ok Embaniment. Road Park to
Investment @ demol nsiruction and

Raduon Engineering Imvastmant

2.3 A New Method for Seawall Design
The
[ Fipe Prowcton |

second -~ The third protection
protoction P

L VYL .

The first Kulocﬁon
Soeg

1 - Protection of the lide and
Ecological wave dissipation  yeqination of the waves by
in front of the seawall the soawell

-
Rapid discharga of
wave overtopping after
the seawall

Measure

2.3 A New Method for Seawall Design

o
N || T
M| S| et

Each protection has a different combination module, which should be adapted to
the local conditions and optimized to determine the layout for the seawall

2.3 A New Method for Seawall Design

ion of Synerglatic
lative Effects

Systematic optimization ensures that dispersed modules work together across
different dimensions, which improves the design efficiency of the seawall,
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2.3 A New Method for Seawall Design

Applicable to various functional
requirements of different
embankment spaces

3 Key Technology of Wave Dissipation, Storage

The technical system for the whole process of wave dissipation, storage
and drainage from the front to the rear of the embankment

A
Ecological wave dssipation In Tide ond wave blocidng bythe  Rapid water storage and drainage
front of the embankment behind the embankment

Mangrove forest

Multi-level embankment Backflow.ar drainage skuctixs

3.1 "High Front, Low Back" Composite Plant Configurz

Analyzed drawbacks of traditional mangrove wave dissipation on beaches

Mangrove Functions: Wave dissipation & fiow reduction
Mangrove Challenges:

Planting method limitations: refies too much on manual experience
GBA-specific constraint: Narrow beach width in front of seawalis

Conventiona! Planting Configuration
3

Causes of Inadeguate Wave Dissipation Capacity

Revealed wave P

Proposed a new tecl

n lism of
hnology for

I-front g
composite plant configuration

BN ¢ B ¢« =
<> -
Cressed Revetment Zone Low Mangrove

Three-dimensional physical model

Iriegmind Veatation Composes VooMation Aophcation
Cantigumtion Mothadology Perormarnce

Multi-stage seawalls: integrated functions (\"\/
Lack of Design Codos Empirical Design Approach

Multi-Stage Seawall Configuration
@ Structure: Walerside stepped multi-

functional terraces, structure width >50m
@ Applicability: New urban core areas with

sufficlent land reserve
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multi-stage seawall wave dissipation formula
PI’OpOSGd the trade-off relationship of * width-for-height *

Parametsr Tienimiby fosuc
Kanifization ke My

L b

= 0.014gpxp(-
H I

Structural Pargmeters of
Multi-stage seaws!

Vertical va.
Interchanpeabiity( AZ/He0.1 4B

, OR018 4000
eFxpl )
¥

3.2 "Step-by-Step Wave Breaking" Multi-Stage

Nansha Ecological Seawalls
2m Lower Crest Elevation vs. Traditional Ones (200-yr Storm Surge Defense)

Real-worid Effact

3.3 Seaward Drainage Technology for Wave Overtopg

The traditional drainage method is easy to intensify the urban flooding problem

Traditional drainage method:
@ Seawall backside drainage dftch
oollects overtopped water

City challenges:

® High surlace impermeability (limited water storage)
® Outdated municipal facilities — insufficient

® Drains to rivers via municipal systems dreinage capacity

® Storm surg acerbale urban flooding

Convantional Drainage Systemn

Innovative Technology:
® The principle of "connected py
nciple of pressure
gradient balance in water head Cro-te
differance batween land and sea  Connecting Conduts ® Porpond
sidde based on gravity drive Yo WE

Layout Principle:
® Parallel to seawall lino (crest backaide)
ing ditch via

icular 1o seawall line: Arrange
101 wel & direct drainage
y 50-100m

Wave Retern Wall o
v_Ousion Watsr Level

Proposed the design method and key design parameters

AR e d Drai Optimized Key P for Overtopping Control
msfgm Nave Camber wict QRN | Dot wie e
Parameters. Rl | .

- Eagun Dl | = ﬁmnx&g_m«
s et Gl

(G

Lardwng  fewmwr

' # Overtopping Discharge Formula Incorporating Seaward Drainage Mechanism
[rseawall Aoy B e ’ 8

Design k L

Formula

Reduction
Facion(y)

Nansha Lingshan Island & Huigu:
40-50% Less Wave Overtopping into Municipal Systems vs. Landward
Drainage
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Facing Ecological Bricks for Vertical Dike Bodies

Challenges in Ecologizing Vertical Revetments  Reef-Mimicking Facing Ecologicat Bricks

. VA |
heat —« Low bio-adhesion

® Issue 2 Traditonal mey

Arringament
CES

Koy Structural Parameters

Gullyridge | Gully-ridge | Gully | Sisb
Doptn Deasity dth | Thicknass
‘ 1015 Mhee |26em | zem |

5~100m it

3.4 New Products for Enhancing Seawall EcoloQt

Bottie-Hole Ecological Bricks in High-Wave Zones

Challengess in Hgh-Wave Zone Ravetmant Ecologization Bottle - Shaped Canty Ecological Bricks

® Strong waves, turbulent currents. -
© Flaxiblo revetments: Substrate soil gets easily el [ t[ i

scoured — Plants can't establish B
@ Rigid revetments: Fully hardened surfaces i |
No space for piant growth " . Self - ntertocking Bottls-shapad Cavity
Daploymant Ares Righd Sofution: _
Ho: ) cadty. Dpsniag Dogth
% - = | Diameter Dramatar
10~12cm 6-6em 30~40cm
Easy & Stable Installation; Pre-designed
& self-interlocking joints.
Tho soawal Bottie-cavity Benefit: Diameter variation
'B':ﬂ"' o dissipales energy - resists scouning &
SEREROEL, RN, oo retains soil

3.4 New Products for Enhancing Seawall Ecolog

Watar-Retaining Ecological Reefs for Seawall Toes in High-Wave Zones

“Olive-Kernel Shaped® Water-Retaining

Challenges in Ecologizing Seawall Toes
Ecological Reefs

{High-Wave Zones)

® Armor units lack water-retention spaces —
Intertidal organisms dehydrate at fow tide

o lomgArnl
® Concrete malrices are strongly alkaline — P g
Restrict biodiversity of attached species. r(‘\r
® Traditional square reefs have poor seif- 3

stability — Prone to overtuming under strong 5
wave forces. Sfructural Features Deployment Arga

Key Design Parametors

Long Axis | Short Axis | ©
() (ho) Size

12-18m | 0B8~12m | 02~06m | 20%-45%

3.5 Global Approval

Tech Achievements Applied to Nansha Lingshan Island Ecological Seawall
— Widely Noticed and Highly Recognized by International Peers

oo -

4157 (v =
WORD (ONCAELY @m{,‘;;.,‘,“,
G < Vintas thoe

/ater, Cities and Climate
Interconnectedn for a Sustainable Future
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&9 =20 JUNE 2U25 = m pluvio.gi ARUP
FLOOD RESILIENT CITIES
APTING TO CLIMATE CHANGE My facves

SSUWA e

Adaptation with €o-benefits

o

P

st theough
ndwater

Yod 10 b 0
D i peomts ot food roparodnesamessires

e P o 100 e o et rame

g ey o eation insued mi bonds of USD 24 milhion 1 finant

Creating socia)
Interaction - anq
flood protection N

Flood-Resilient Cities: How do we get there?

i 3 22-2)

INNOVATIVE WATER EN
FOR SUSTAINABLE DE
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 also addresses Multi-Risk assessmentin

cities

i sy LLTLIJUNL LUZY

INNOVATIVE WATER ENGINEERING
FOR SUSTAINABLE DEVELOPMENT

e T G

FLOOD RESILIEN
ADAPTING TO CLIM

= R T 2011
he “Perfect Storm”: Fram Across
the Atlantic to the Hills of Genoa

= 7

<.

Bt O

NGRESS ( nternationa

Rl SINGAPORE YgglorWeek
= > %-DANEA%
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Status ang Issues

2 The National Waer Resouree Policy P
fO ihe Implemen'qﬁon of -In 201::[\: Nalional Water Resources lpos:y.(:-:—:f"y 1‘;'
) % lormulatod based
d River Basin Management |

Related
1 Integrate

on the IWRM, principles of e theer
basin level, I8 currany g 3

in Malaysiq :

= However, the koy polic:
are as follows:

Y Issues encountered in Malaysia

i) slow impl of all the strategies and action
plans as siated in NWRP ot the state Jevel Gcio

Chow Hock LM, University Notfingham Malaysia ;

Fang Yenn TEO:, Universi y Notti

) and
Malaysi \
Y

ii) chalienges In torging Federol/State level ¢
fa implement NWRP offectively dus 1o

| differences.
y evxclﬂ@noiﬁngham.edumy
3 Fungvenn.leoancfﬂnghom.odu.my

Stakeholder Engagement & Participation

Results of Climate Change

= Communication with aif relevant siokeholders
L fo roise the 255 of the riv
skakeholders ond educate them on the benefi
participation in the management of the river bas
= Challenges related fo
engagement include: 1) Low Inch
seleclion crferia, W) lock of prop
gement, Iv) Inadequate budget, and v)
hizational commitment

Results of Climate Change

Ol M b s st Chastichnigs it
SEONEEAMA R T gy iy ey
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Modelling for Understanding and Managing
the Risks of E

Emerging Contaminants in Water Sys!

iems
in Singapore and China

Xuneng TONG

LA

g

L_mreu;arg;;;

Problem Emerging

AUST w
A2 a0
S e 2 Y &’!ltan‘

e

2w

—_—=

R Y AT ——
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Cose study in Ching

Avsen thee sl Wink Redweton Filicieasy
of Antiliietics i traesclinnd and
Eartrohies e wait Lary

Scale Water
Tramler Projeus

~——

Case study in Ching

Scemurin AMAC: Buve Line¥

e Mestren Foate

L

i g
Innovative policy approach in addressing

pollution contro)
over the Yangtze from souree

1o sen

Basin Enhanced River Chief System

Prevnclal e, ey, bomrihip ead Ve
dncmling seler o4 e
 Conmt diae ot

il

\

'\ bty ke ctre

el e
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River Chicf Systen Mechanivm %i“?“n ~d== River Chief System | furon

River Chicf System

wWith S28 ' Raxin Enhan ed River Chicf Sy

= o0
> A plackormn. e Hasis Exthied Kivar (ricts
v, sackl i pulelic it

ﬂvf-ﬁ;lwmmvumaw
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i senmit lakaze merhs Sear & thes
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WORLD WATER RESOU RCES

T Q-)
e
a =

NATURE-BASED SOLUTIONS (NBS)

Mangroves for Coastal

St FQIE;:.‘ for Water
enuon

* Across ecosystems

from hills to seas, R 5

different Nature-

Based Solutions

(NBS) can work

together to build

dimate resilience

xJI ‘Mll. -
* NES leverage

n g Wetiands for Water Punhca!mn =
natural processes s -
to address water Seas for Water Retennon/ Rescrvonr e
environmental " j
challenges §

Serarr Wesled Fesoutoes
Insiitute & Ragea ez . 2019
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GREEN MEASURES AS UPSTREAM SOLUTIONS
Nat

ure-Based Solutions and Green/ Bio-engineering Measures

1o glebal water o

* Flood retention ponds, wetlands,

WWE (World Wildlife Fund} and cive upstream reservoirs to assess their

* Forest for water retention and watershed management with local potential benefits
community involvement knowledge transfer Building with nature which uses green/
* Natural materials fo LOCONUL Coir peotextile

5 bio-engineering measures to create
* Know tolocal co ty « green sclulwnl nature- : of Green/ Bi
1 o, retention Trusan Rives basin, Sarawak

* A freshwater reservoir located near the
sea, close to the mouth of a river witha A |
sustainable annual river flow/ flood water 3 \ 0% e
* Freshwater on one side and saline/ sea : m:::,,’,::::
water on other side
* Flood water is a natural resource, and
water quality is better

+ Downstream reservoirs collect runoff from
* Covid-13 pandemic’s \ the entire watershedicatchment and
Movement Control Orders provide greatest potential
have limited the human/ 5 * Inside and outside waters are different in
S

t of Water Quality
in Putrajaya Lake

i mical, biclogical parameters
anthropogenic activities physical, chemical g p

. ' wnst B coliect runoff from
* It has reduced the inflowing of o resgrvcxrs Lt » U o
the entire watershed and provide greatest

into stormwater systems
* There is a positive impact and
improvement on urban e e

stormwater guality - -

ollution from human activities
: potential of water resources

s 33+

DOWNSTREAM RESERVOIR - 20 g, 3rd

DOWNSTREAM RESERVOIR -1 Sl
v Convey water body with R o e
curved and long barriers
v By pass polluted water
and store clean water
¥ Minimum environment
and social-economic
impacts
¥ Wetland pre-treatment * §racioshe Resenvair s
and managed aquifer
recharge (optional)
v Underground curtain to
create grqundwater

* GENERATION

Enclase of coastline 1o form a concave water body with straight and shortest barrage
Potentially store polluted water and discharge clean water

3) Totally cutoff saltwater, sediment. fish, floral and fauna, and navigation passage

'_X:‘?Tff

™ population > 27 Million
ut

Cardiff Bay, UK (1987)

South Xorea (1394)
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modefling and shape optimisation

second- 2
of VOirs in consid

of aigal bloom occurrence

Hui Ling Wemg 9 famg Yerin Teg?

Managed Aquifer
Recharge at Langkawi,
Malaysia

m

COASTAL RESERVOIR DEVELOPMENT TOWARDS.
SUSTAINABLE WATER RESOURCES MANAGEMENT (N
MALAYELA

CONCLUSIONS

. Water-food-energy nexus along with climate
changes puts water demands and food security in the
forefront globally

* Calling all cities to scale up the approaches of NBS
and building with nature for global water
sustainability

+* Downstream reservoirs are NBS to ensure _
sustainable coastal development and provide an
alternative solution for the water scarcity

= Encouraging collaborative efforts to protect and

ore natural water systems

$17 IAHR WORLD CONGRESS
movev ware

SESSION 13

ENHANCING WATER AND SOCIAL RESILIENCE I uea
A CALL FOR CITY WATER LEADERS 3

Erwermd Oumon Q s ety

SESSIoN 13

ENHANCING waTeg |
AND s0ciAl

A CALL FoR CITY waTer RESILIENGE 1y R8s

130 e HNGSEIL

Oresnirse

OFENInG Absen

Over 2 billion Food security and
People lack 5 food production
access to safe I are at risk due to
drinking water,
including 1.2
biltion people
lacking a basic

& =
Sgnificant futn g ﬂ
= U
fi

renewable water,
affecting the

B\ water scarcity

level of servica

2 billion Water pollution is worsening
peopleiack  warldwide with as a result of
basic discharges of untreated, or inwufficlently
annkation. treated, wastewater, nutrioot runoff

Water-reloted disasters are

cy due to c
. With 50% of natural
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Urban water issues

Watar poliution &
aguatic
ecosystam

Water scareity

TR
AL gy 14 b
\ | ' ‘,l\!. H [\\“"1 ‘
Intergovernmental L ARG Y | LV A
Hydrological
Programme (IHP)

IHP Theme “Water for Human
Settiements

tes research, scientific cooperation
knowledge n and sharing, capacity
building t e

L
unesco ()0 Integrated Urban Water Management
EEN Knowledge ang best practice sharing
Integratod Urban Water Management s an approach to
Managing the entire urban water cyele inan integrated way—q W
X8y 10 achieving the sustainability of resources and nenicas g
It provides the framewark for
* the systematic consideration of the Various dimensions of

Watar, including surtace and groundwater resources, auakity
and quantity is:

managing interactions of water wystems with other
environments! systems

harnessag water's role in social and economic
development.

Cities fora climate-resilient water future
The Need for Strong Leadership in Urban Water Management

of nary water leaders committed to resilient, sustainable cities

ad raforrns and novations in watar manager

G rian

Flood resilience and coping strategies for urban
areas in China under climate change

Yonahui Zhu,
Hongyang Wang

Changjlang River Scientific Research lastitute, CWRC, China

1.Background eﬁlﬂfiﬁ

= Global climate change leads to frequent urban flooding

Increase in extreme weather e vents

S

Gladeat vraQn teperhrs ian e by st ) I wnes 1382

2s In climate im)|

Sult in o vulnerabdty
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1.Background

~ Global climate change lsads to frequent urban flooding

%ﬁlﬂ#iﬁ

Fh

e ast 2,000 ysors. Seabevel rive lrends

2.Urban flood challenges

%ﬁ-‘mw

~ Intertwined problems o
drainage systems

id increase in impermeable

2.Urban flood challenges

Shortcomings In me nitoring and early warmin

3.Flood resilience of urban areas @’&3134%5‘,1

~ Flood resilience construction In coastal cities (e.g. Shanghai)

sankmer
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3.Flood resilience of urban areas @’5‘1“*“’%

! ity < 0 n water management
~ Flood resilience construction in inland cities (e.g., Wuhan and Chongaing) ~ Sponge city construction and rainwater manageme

What is aponge city

4.Coping strategies and suggestion%ﬁlﬂi% ™ 4.Coping strategies and suggestion @ RiIRSR

~ QOptimizing urban planning and enhancing urban ecological enyironment

Ecological flood retentic

4.Coping strategies and suggestion %’Rl‘ésﬁﬁ

Enhancing cross-departmental collaboration and public participation

Multi-departmental jaint covernanc

Dynamic monitoring and
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Long term climate adaptation strategy formulation

“At firs!, no one heeded the disaster{just a typhoon, a
rainstorm, waterlogged streets in one town, the paralysis of a
single city. Until the day this calamity became inextricably
bound to every soul alive!”

Formulate Jong-term climate adaptation strategies and jointly

build a community with a shared future!

* BIKEOAAYT] B

SPECIAL SESSION 13: City Water 18: Enhanci

and Social ilienca in Urban Are

pida Kolokytha

41ST IAHR
WORLD CONGRESS
SINGAPORE

NE 2025

The project and regional impact
Implemented by:
UNESCO IHP, in cotlaboration with
* UNESCO Comenunication 8 Information S
+ UNESCO Water Cantres: C2C |
Countries Covered:
*Albi Bosnia & Herzegovina, Monte
Objective:
*Support national efforts o reack! 6 targets
2 trust and operational capa =

endatons

OKEOAAYT BE @), €

cRBm

Round table discussion

Promote a “learning cities approach™- Promate palicy dialogus ar
pear learnng among cities, dey

elop par

P4, provide capacity
development, and develop tools 10 ey

012 PIograss

Promote Integrated Urban Water Management - Discuss holistic
approaches that int BLE water supply, wastewater management,
urban gcosystems, 1al and human developmant, urban planning,
and climate adaptation and mitigation
Strengthen Social Resilience - 1d to enhance
community engagemant, equity, and th man rght to a

Nater resourc

Foster cotlaboration between academia, iIndustry, policy Makers
decision maker et

ology & Qutcomes
1 Policy & Document Review:

Atutionsl, hudng 110 Aspact

3. In-Situ Foces

K of national pegutaton
Groups

Expert meolings in sach

Expected Outcomes
. Aty

:,i = 6':5‘v|-

Water supply and wastewatar systems in the Balkans
o8 Cotntnet am the EU candlidatn countries.

t v sbundant water resourees uneventy distibuted i timm
wnd space

+co s gives thn mmpression th

Public Watar Supply Is relatively well davelopped. cov ot

o, b agning infrastrucnste. urbanization snd low investments
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The sbundancy of water resoq
problems or that those count

Inall countries financial cony
lmited an &

ctive response
Public Water Supply is relati
population, however ageing i
Ie sd to occasional supply sha

oS WKEOAAYT B @

Water supply and wastewater systemsin the 8

Sanitation t1 much less developed

Sewor s underdeveioped,
somatimes fragmented

2
Low % of treated wastewater ‘
1]

Widesptead use of permestile
sewage pits

nvestmaents have bes

wastewater collection and
treatment ran P
chollenge of th

Water supply and wastewate

t > Orinking Watae 5
Eroundmates -

T 1 ==

vt ficiant ganeral public's
knowtedge of banafita from

CREM)

alkans

S

T systems in the Balkans

158 and Awnrenass in the Balkan

fegion
To!ﬁmcm Knowledge & Skills

Awareness Gaps
Deficiencies "

EU Policy Knowledge

Weak Implementation of Best Deficiencies

Practices
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! Fragmented Governanco
Mvertapping roles batwoer Water and social resilience in the B
Challenges:

alkans

¥ Aging infrastructure and leakags

¥ Limited access to safe drinkin;

¥ Overexploitation and pol
Climate Impacts:

73%

27% 39% 34%

stronyg focuson, - moderate urban 1o no mention of
content urbion content

of NDCs could have more urban content

The urban water focus of the
Nationally Determined
Contributions
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Urban Content: Adaptation

National and Urban Climate Hazards

EESSssS

N

95% of NDCs couyld have moreurban w ater focus on MIMIGATION
—
91% of NDCs could have more urban water focus on ADAPTATION
—

94% of NDCs don’ have focus on combined Urban Fic od and Drought
—_
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€00 ADMINAM < ADTanamEtudentt ni> * tunica Ramos Perewra Ramaos < E.Ramg

Annor Frank <annorfrank@tshmo.orng>#; Viktoria Martin < vikioria martin@len

Carlos Guerrero Lucendo carlos guerrarslucendo@vito.be > ¥; LEA TATRY < ke,
Erik Laes < eril laes@vito. be >% Yves De Weerdt < yves deweerdi®yito be >*;
ericofosusntwi@gmal.com> ¥ SIMON M. MULWA < SIMON. MUIWASiairo.of

1-Voia Baan Auttnty |
2Techeirche Untvessital
Irans-Alrican Bdm ¥
A¥unghca Temiska Ho
SVl Imstvlieg W
Slniverdt Enomgy |

41ST IAHR o e
WORLD CONGRESS  Solutions 2 Enabrmos s e Based
SINGAPORE e
wwnoe 22~ 77 JUNE 2025

EERING Or. Rafatou FOTANA (Hydrologist & MWRM Expert)
N Nreeto

VOLTA BASIN AUTHORITY
ERIiIEZWAE

T-tenya Aorcaluiod N

Edo Abraham <&

Carlos Guerrero Lucendo carle:

aes < erik o

VOLTA BASIN AUTHORITY
win BB ==

41ST IANR
£ WORLD congess
S SINGAPORE

= 3 220 2025
NI VAT D
e Nt —
e ')
CEON o = pr=

2w . -

Brief overview of the Voita

SX riparian countries in West African

Development of irrigation

Hydropower generation and
onergy sharing

Management of ahared
structures

Wator tranater - water supply
Fishing and aquaculture
Flooding

Drought

> Population: 35 M hts (2025)
» Population 70% rural

Land degradation
Invasive plants
Loss of biodiversity

Lower Voita : Artificial lake 550 km
long with a surface area of 8,502 km*
and an average velume of 148 billion

Pollution of water quality,

Water-borne diseases, ...

Mandate!
of vBa - Perational obiectives

3. WRM-VBA approach andior e

2- Volta Basi
G in Authority (V) 1- Promote ongoing dialogue
The joint body/ organis

1)-A Cross-secto;
between s!akehgldm;;

ation muitiple uses:

val approach integrating

Creation process : 2004 - 2009

Convention signed / heads of states
Soverning bodies of the VBA :

1. Conference of Heads of Stats

2. Council of Ministers

3. Stakeholder Forum

4. Technical Committes of Experts

5. Executive Management

N.B: - TFP Advisory Group,

- National Focal Structure (SFN) in each of the
6 member states

2- Promote the implementation
of IWRM and the equitable
sharing of the benefits arising
horg_their,varlo& uses; i

3- Authorize th implementation
of infrastructures;

4- Develop and implement joint
works and projects;

5- Contribute to a better socio-
economic integration of the
sub-region.

= Drinking water,
Agriculture,

- Energy,
Environment

2)- Integration of ecological and socio-
bjectives to
cross-cutting benefits;

IR

a1 1d

3)- Particip of all staket
decision-making process;

s in the

4)- Coordinated management of water,
aled 30
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)7 vito @ B 8 e

The project's OSjectives broadly indude

8 extablishing 3 research retwar

ven decision-maldng
Y, v

Preliminary actions Assessing WEFE systems , mapping gouvernance and mapping stakrholders for sach sector
Wng Integrated Water Resources

and cross sectors ; assessing policies | mesures and actions
Management.

way: Provide climat Services and Data infrastr

inleracions
) e-based solubions that suppornt
This pari
Lstain,

Tranaition Spaces meetings
resuity

The thres Future
Visionk are 23 frllowy

WATER
1
oMY WACED Baney

Wi s

Ciri:cn*envulumr.nl leads to scenario’ s‘(mlmn
[t
T

Sustainable fishing initiatives further demy

onstrate the
WEF resource management.

benefits of community-based
lmplementlng the nexus approach aligns with the Volta Basin Authori
Action Plan (2014-2024) and ICP Volta (
4cross sectors and borders, thereby reducing flood risks and improving health
outcomes through nature-based solutions, secure access to clean water and
sustainable food production in an era of climate variability,

ity's Strateqic
2025-2050), fostering policy coherence

In fact, VBA recognizes that care needs to be given to good menitoring and
modelling for a sound understanding of the functioning of these measures under 3
wide variety of hydrometeorological events

An essential ingredient of what makes a scheme successful is the involvement of
all stakeholders in its co-design and adopti
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e
High Level Panel 3:

Empowering a Just and Inclusive Energy Transition:
The Strategic Role of Hydropower

2ika wrma

Empowering a Just and Inclusive Energy Transition:
The Role of Hydropower

Advancing Hydropower for Sarawak and Beyond

Global Trends

(& pe Five-Rolling Trends 2iha  samwar\yenery
= Lo~ PSH Picking Up

nuﬂﬂ”ﬂ” | R
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Progress Towards 2050 Net Zero Z2iha

Sustainable Hydropower

Energy Transition in Ziha

Sarawak

snal Renawable Powerhouse

For
ped Storage

Hydropower

Ziha satirrvoh ) ENOrEY

Empowering a Just and Inclusive Energy Transition:
The Role of Hydropower

Italpu Binacional: a binational hydropower
plant powering the energy transition

Joni Maduge Oarcln

Who we &re
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Where we afe

Itaipu's Official Acts

Brazilian System Evolution = In

stallod Capacity

System Load and Power Generation

Hydro Cantribution to

the Load Ramp

tribution to the Load R

Hydro Gon

amp s

Ly 141h,
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Itaipu Gef

\eration Profile

Italpu also provides Flexibility kvwntm Fo

A ==

Empowering a Just and Inclusive Energy Transition:
The Role of Hydropower

Hydropower and Climate Responsibility - Itaipu's Integrated
Approach to Mitigation, Adaptation, and Social Equity

Dankel Vizquez Bado

Climate Responsibility Framework

Climate
Mitigation via
Hydropower

and Emerging
Renewables

ased Carbon Sequestration

Forest-B

9




Adaptation to
Climato Change

Governance and Strategic Partnerships

CC

« Active rola in C
NDC3 | GHG Inventori¢

« Coltaboration with Institutions
« Nationsl: Minis 2O
* it UNFCCC Secretari
IHP, Smiti nian, Internationa
Enginooring and Research (IAH

seh centras
HA, UNESCO MAB, UNESCO
-iation for Hydro-Environment

{
R} and others,

( Empowering a Just and Inclusive Energy Transition:
The Role of Hydropower

Power with Purpose: Designing Sustainable
Hydraulic Structures for the 21st Century

Hydraulic Structures technical excellence underpins

hydropower development globally..

Run-of-tiver hydropowar Pumpsad storage hydropowes
» Connected Reservoirs

2 Weirs

Hydraulic Structures technical excel
t globally...

hydropower developmen

Large hydropower Run-of-river hydropower
<> Weirs

> Reservoir dams

Critical infrastructure that needs to operate safely at all ti
Therefore, holistic technical expertise ls’-uunﬂahl'!

lence underpins

Pumped storage hydropower
> Connected Reservoirs

W s ...but, we are now ata crossroads, to consider their

=
- = holistic impact
Besides thelr tremendous positive impact, hydraulic structures may have
soclat and environmental impacts as well:

station af riv

Quatic 3Pecie
trans
ydropeaking

nastion of culturs
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W .« A balanced approach can unlock sustainable

hydraulic structures development =

Neod far sustainable hydraulic structures we wiey
aly linked with
aly linkied with Hydraudic structiires engineering: An wvolving sckence

in s changlog world

jetal developments
tures

sitlon to Net 2960
Sean Maligaer® | Maste et

i 1

0 achieve ban

Hydraulic structures at a crossroacds towards
the Sustainoble Development Goals

ve

Hydraufic Structures
Centigy Global y

Empowering a Just and Inclusive Energy Transition:
The Role of Hydropower

A view of the Ecohydraulics Community

Anthropagenic Impacts due to Dams and Hydropowor

Our Dreams of
perfect nature

Tagliamento
Goamana del Friull
Italy

Our Reality of
Nature in use

Rhine River
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Improving turbulence control through
explainable deep learning

Ricardo Vinuesa'?

FLOW o
S(ZRC digial

fuiures

Sustainablo De pment Goals
@snssGOALS

2030 Agenda for Sustainable Development adopted by all

United Nations Member States in 2015

§ blueprint for peace and prozpenty for peopin and

G that ending

hand-in-hand

dimate change 2nd working (o preserve our oceans and forests
(50Gs); 169 target

* 17 diffarent

ockholm fteslionte Ce

ynomy, and Environment

'F _'. .'g:

um Wi WS
e £

f Vinuesa et al,, Nature Communications 11, 233 (2020)

FLOW

Impact of Al on each of 168 targels

Environment
Economy

Society

2y Vinuesa et al., Naturs Communications 14, 233 (2020)

riL.OW
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¢ negative: Economy the oppasiie

nich may

POSITIVE: Al-enabled technology
urrent barriers (satellite data o

G1).

help or

Uneven opportunities to access Al
resources may end up Increasing inequalities
(SDG 1

FLOW Vinuesa et al,, Nature Communications 11, 233 {2020)

highly detailed simulations, we <an

y suslainable cities. In flow in complex urban
3 uild more
ac te and robust technology to measure air
poliution in cities which cau 800.000
s each -in Europe alone

n, minimize drag...
rbulent flow?

Reduce pollutio
How to control a tu

Remaove the most

Identify the most
Important regions

Reconstruction L ” - 3

1D velocity fakd w*(x ¥ » “. i y

‘ \ fmportant regiont
e —

& Recoostenctod u'(z, { 2 Revontrogted wi (r. ! Lazpita et al., Phys. Fluids (2022);
Martinez-Sanchez et al., IJHFF (2023)

Ricardo Vinuesa: 8 rvinuesa@me~* “w.vinuesalab.com @ricardovi
o y A8 nuesa

Ricardo Vinuesa: 8 rvinuesal vinuesalab.com,  @ricardovinuesa
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Which are the most important coherent

structures in the flow? XAl framework
jiction of a future instantaneous flow field through a 3D U-net.

mentation of the domain point by point.
importance of each point for the prediction is assessed by removing it from the

and re-calculating the error. XAl method based on SHapley Additive exPlanations
\P). => By Lundberg and Lee (2017), very well established in ML (>30k citations)

1. DNN flow prediction

x4 2. Structure evolution

t~\\\\\\\*\\
H-IQ

=
: &
T

RS S S

SN N

N\
i
-

t-a—ee|

Explainability algorithm

For each Q structure, we substitute its
volume by zero fluctuations
e
. o Then we use the U-net to predict predicted field at t.,
the next flow field (missing one Q)

[Predicted otitput Hold

7N L P | E

[ - ‘ = C SHAP valuw ! Prodiction error | 1
| T | = — ‘ Truo oatput field
The error is used to calculate {

the SHAP values (importance
scores)

e

.~ \1
FLOYY Cremades et al, Nature Communications 15, 3864 (2024)

Ricardo Vinuesa: 8 rvinuesa@mech.kth - www.vinuesalab.com,  @ricardovinuesa

Applying SHAP point by point to 3D DNS data.
Comparison with other structures

SHAP Q events

1080

Streaks Vortices

+ 540
v
40
xv /5400
; R 4 2700 44
N e Cremades, Hoyas, Vinuesa (2024), Preprint arX|v:24102318L;ve?ln 2
FLOYY (Under Review in Nat. Commun.)

Ricardo Vinuesa: 8 rvinue: o 3
sa@mech w.vinuesalab.com, * @ricardovinuesa

SHAP point by point in the 3D DNS data: u'.
Similarities with other structures

EHAT 1.0e+00

1" Qevents

3 det

3.2e-01
+1.0e-01

, Streaks

H 3.2e-02
1.0e-02
3.2e-03

1.0e-03
-5 0 5
u F Crumades, Hoyas, Vinuesa (2024) arxiv:2410.23189v1. '
Undor Reviuw i Nat. Comann

Ricardo Vinuesa: M rvinuesa@mech.kth.s» ¥, @ricardovinuesa

One-to-one comparison between SHAP and

other structures  Re =550
Aty*=15, the SHAP structures are basically stre.
_ Close to the wall and channel center, the agreement
around 50% (ejections and sweeps).
At the channel center, the SHAP structures exhibit a mo
with the vortices.
- The classically studied coherent structures only paint a partial picture

of wall-bounded turbulence!

aks (around 90% coincidence).
between SHAP and Q events Is

dest agremeent (around 15%)

100 pe=——— 7% —— (SHAP+Qs)/SHAP
) (SHAP+Qs)/Qs
— (SHAP+Streaks)/SHAP
(SHAP+Streaks)/Streaks
—— (SHAP+Vortices)/SHAP

-—————4@ -~= (SHAP+Vortices)/Vortices

2 — |

)

Cromades. Hoyas, Vinuesa (2024], Preprint arXiv.2410.23189v1
(Under Review in Nat. Commun ).

Coincidence (%)
N
a3

10

Ricardo Vinuesa: M rvinuesa@mech.kth.se " www.vinuesalab.com, % @ricardovinuesa

g for flow control

N —

Reinforcement learnin
Introduction

« Constituting elements:

- Agent
- Environment ag St Te
~ State space S = [, 55, '+
- Action space A = (a;. 4.
~ Transition function P(s;; 15t ) |
()

~  Reward function rp = R(S¢.e %141)
+ Goal

“Define a policy n(a,ls, ) that
maximizes the reward”

1. Bt R4 Loserving 10wt By B mmatinsds o unicewd (Hhemocms. Masit Laam) B, §-44 (10888

= Guastoni et al., Eur. Phys. J. E, 46, 27 (2023)
FLOWW vignon et al., Phys. Fluids, 35, 031301 (2023)

rww.vinuesalab.com,

X @ricardovinuesa

cardo Vinuesa: 8 rvinuesa@mech.kth.se =
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Baseline: opposition control

« Introduced by Choi of al.!

+ Reactive control to reduce the
wall-normal fluctuations

flow

a2, 0) = ~a[V(x, Ve 2, 1) = V(% 5.2, M)

=y, wall-normal location of the
sensing-plane
@ positive scaling parameler

B W & (1) A
Vn e masion of P Abae s

FLOWV Guastoni etal,, Eur. Phys. J. E, 48, 27 (2023)

Ricardo Vinuesa: @ rvinuesa@meoch kth.~= sinuesalab.com, ricardovinuesa

DRL control targeting SHAP structures

ENw
‘ Comparison of control
cases

Opposition control (baseline)

)RL reward: wall-shear-

stress reduction
DRL reward: Q-event
reduction

- DRL reward: streak reduction
DRL reward: SHAP reduction

Beneitez et al,,
Preprint arXiv:2504.02354 (2025)

Ricardo Vinuesa: 8 rvinuesal®mech.'**

vinuesalab.com,  @ricardovinuesa

DRL control targeting SHAP structures
Drag reduction

Comparison of control cases
Opposition control (baseline) 23%

1ll-shiear-stress

ar

- DRL reward, Q-event reduction
27.5%

- DRL reward, streak reduction:
212%

- DRL reward, SHAP reduction:
33.3% (more stable than just DRL,
1.6 pp and 5% better).

FLOYV Beneitez et al., Preprint arXiv:2504.02364 (2025)

Ricardo Vinuesa: 8 rvinuesa@mech.kth.se, ~

«alab.com, 3 @ricardovinuesa

DRL control targeting SHAP structures

Net energy saving
Comparison of control cases

ypposition control (baseline)

wall-shear-slress

¢ 3149
DRL reward, Q-event reduction:

27.47%
DRL reward, streak reduction:
21%

- DRL reward, SHAP reduction:
33.1% (half the power than just

DRL, 1.7 pp and 5.4% better).
FLQW Beneitez et al., Preprint arXiv:2504.02354 (2025) = )

Ricardo Vinuesa: @ rvinuesa@®@mech.kth.se, " www.vinuesalab.com, * O ricardovinuesa

Summary and Conclusions

Al can help to achieve 79% of the SDG targets, but can be
an inhibitor to 35%. Very much needed global debate.

The SHAP method is intrusive for the surrogate, and can
be app to dat; ce envir (e.g.

experiments). Identification of new coherent structures
based on SHAP.

Using the SHAP-based structures as the reward yields the
highest drag reduction through DRL!!

Ricardo Vinuesa: S rvinuesa@mech.it™ ¥ @ricardovin
K uesa

« Remove the most important regions with deep
reinforcement learning (DRL).

"o

579 496

Ricardo Vinuesa: 8 rvinuesa@mech.kth.se, " www.vinuesalab.com,  @ricardovinuesa
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Empawering a .
The SH

y Transition
wer

High Level Panel 4:

From Digital Acceleration to Real-World Impact
Scaling Innovation in Water Engineering

From Data to
Water Decisions:

Accelerating the

From Data to Water Decisions

wironmental solut

From

pData to Water Decisions

evolution of
o facilitate this

Digitalization IS transversal
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From Data to Water Decisions

Digital Accelerators

From Data t

o Water Decisions

Data, Remote sensing, garth Observation

Rem

Lote sensing, Earth Observation
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die nl ey coflabor

Data, Remote sensing, Earth Observation

water manHoring
supply 6f quality water

y and efficiency of

1y of water

qualiey ol life

ty and smprovet

aro-envlronmeﬁt I/ models ca
ribe.real hydro-envlronmental s
ugh hydrﬁuhc st
: bndges, etc.
-environmental )|

Advanced Modelling

Advanced Modelling

Whan Should we hot do 1t7 What should be carsful

Why g0 #7 What benefey? What gains? about?

What cos
place?
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Al and Machine Learning

A0 wWe not do 2
e Mcwlede o |1k

Wit conditionsienabiing navironments niod 1o be In

Digital Twins

h,--aéervlew Digital Twins

Digital Twins

Chatienges and Risks

From Data to Water Decisions
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Challenges

= . " 4 Supply Good Water
'.“\ /‘l 49

Tame Stormwater
Tame Stormwater

Tame Stormwater
ot Resist Rising Seas
Mode!
Constal Model inland Model
« Surge/tide modeling « Rainfalt-runoff (2D)
» Hydraulics {1D)
« Overland flow (1D/20)

» Wave modelling
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. Moving Forward

Levs Man” Oy
1o Day Operation

TWIEIRHK
WORLD g

e Sicapog S
I,-,-;: = 271 WnE 205
NNOVATIVE WATER tncie e

Driving the Change & Digital Water
Machines in the Laop of Humans

I

Digital Transition

1 oand 2%
1o transfor

wnfintive, in the

(persanal computers) and has beeo
by the huge private investment, ¢4

the simple implementation of diginal
a digtul Atrate
trtifici ¢
W infiemmasion of humun

DIGITAL
WATER

Knawladge Application
& Hydroinformation

asriany
" RLD Congn
= Bt
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FLOOD RESILIENCE

Strengthening our )
Community Flood Resilience

fioodh. Tha, wime

teorpocarity, causeg fash

#aci mansge food vk colecively.

Our community cegegarent atfor sim vo
* Crnate AWARENESS or 11604 risks

+ Foster ACCIPTANCE of Hood rishy.

o Plotivate ACTION within commity

Creating Awareness

e

adith

Moving towards

Catpese
S VALK v M JCOU, (0 evntage We g 14 e fioud revcy. avert
d

o
RN G Wi ey b S e Ny B ALY T
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Take the quiz and find out!

Flood-Wise Drive
Starting 2 December 2024, PUB'S Fiood-
Wite Drive’ car dacals with flood safety tips

for motarists witl be avalsbie st any Easo
station. While stocks laat

Take the quiz and find out!

Take the quiz and find out!

ComfortDelgro

Singapore's leading taxl service is promoting
our campaign and flood safety tips through

its drivers' portal to prioritise their safety on
the roads

ayment s

fiood ro

Lumens

A pioneer in the Private Hire Vehicle (PHV)

leasing Industry, Lumens |s rasing

awareness about flash floods through Flood

Wisa Drive car decals and Nood safety tips at ‘
its offices and partner workshops, LUMENS
reinforcing tha company's comr

road safety in Singapore

Take the quiz and find out!

-

Comaiatad 1 J11N, omfirt Deterten Tk aret Wntord Orvarian Cand we Torys
Watasise Srage. ot el e phevirs {4 T O4itwr 8 Wbl 1) By (90w
4

bt et

Cont 8 et port
v ¥ am e

o Sumtes Ve ami Wil Dy G we serems o W\ b
Aoty o e b o or S b () b TEIOAS oEaems Mk
ot i vy Itk e 1 &

Pt Py o e 4 Wl s
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Syed Alwi Pumping Station

e tn ciemas s

S A g 124500 44 ity s w3 ) o e €4 e

11 e w4 (1 oy
e el Wt Teun

The Catchment and
Waterways Operations
System (CWOS)

114

Did you know? More than

/*/ °
350,000 1,500

data points sensors
depioyed to gather data for
integeation into the CWGCs

- ol v -

o0

assimilated from varous sources
every day o5 data ingut

©
150

situations

Wwhere CWOS correctly sctvised operators
on pump and gate operations

Alkaff Lake

acm Akt Lake Semnsirates RUBY approacy
mansging Hood raky w Land constisined
1015208 that sarves

Aba h, v undee PUBYS holistic
SowePathmy Recrptor spcroach 10 manage stormwatet

iy o Sogapore’
Wi a0 8 et s Ov. waten when haoking at weliithons for flood prateein,

Sungei Tampines

1 20T FUE Commenced wan ks 1 Lparachs & 1.4km upstsesn
soction of Sunge: Tamgines frem Tampines Avenoe 7 10
Targroen Esprminay (TH0 19 sefve new HOR estatin in the aees
A3 pait of e Seainage mprovement project, BB alse
ot o | 4

INGAINIIY. As art of the rush e, P Corverted & Concrets
£OnALints & Raturabaed five, sunsts ted new recieation and
mmunity Wpaces for reskionia and wnhaned the ster's
Sonnmthey T 1w adjaienil Tawoines £20 Gremn park

WORS e Conphend o fyly 3002 Lot

$9rge) Tarmaries s sorates an axtémber yirwnch of

Itunalariien, apssatmatnty \om g, Nery ae back
vl e anal 0t Yimgren £ Grewn wng.




Active, Beautiful,
Clean Waters
Programme

Active, Beautiful,
Clean Waters
Programme
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BA41BKB2AE
PEEXRED
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Reimagining
our Coastlines

ic Risk
sment
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