WES-BCA

Water and Environment Support - * . )
Biodiversity and Climate Action LN the European Union

in the Neighbourhood South region

Funded by

—-"

r-.------lll---II s

iﬂ'fi‘-’- WES-BCA Regional Training & Study Tour
“Adaptation measures for flood and storm water management
21-24 April 2026, Nice, France

”




WES-BCA
Regional Training and Study Tour

Adaptation Measures for flood and
storm water management

WES-BCA Activity Number: C1_REG/ST-6

Water and Environment Support -

Biodiversity and Climate Action . .

i the Neighbouthod Sauth egion Hybrid and Non-Structural approaches and their

role in flood/ stormwater management
23 April 2026 at 10:30

Sheraton Hotel Nice Presented by:
Dr. loanna ZALACHORI, Senior Flood Expert, LDK Consultants S.A.
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Integrated Flood Management R e

Paradigm Shift from “flood control” towards “flood management”.

“Flood management consists in accepting that floods as part of river’s natural life”:
1 shifting from a re-active to a pro-active flood management strategy,
O balancing flood risk to sustainable development and

U from ad-hoc flood control to integrated flood management.

4

% Integrated Flood Management (IFM)
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Water and Environment Support -
Biodiversity and Climate Action
in the Neighbourhood South regien

IFM maximizes net benefits of social development next to

Integrated Flood Management (/FM)

river, while minimizing life and property loss from flooding

Integrated Flood Management consists in a few phrases:

= adopting a basin approach to flood management,

= bringing a multidisciplinary approach in flood management,

= reducing vulnerability and risks due to flooding,

= enabling community involvement,

" preserving ecosystems.
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Basin Approach M WS,

The EU Directive 2007/60/EC (“Floods Directive”) drifts from:

fragmented flood risk reduction approach to an integrated approach in basin

level,

where hard flood protection measures are complemented by structural and

non-structural measures that mitigate flood impacts.
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Basin Approach with an example VWESBCA

in the Neighbourhood South region

FLOOD HAZARD MAPS

Post
traitement

FLOOD MANAGEMENT

LDK CONSULTANTS S.A Funded by
o 6 the European Union



Basin Approach with an example

FHM — Max Depth -
LD K

|
T50 years

Design Return Period Choice

= | |
FHM - Max Depth —T100 years

FHM — Max Depth —T1000 years

WES-BCA

Water and Environment Support -
Biodiversity and Climate Action
the Neighbourhood South region
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Water and Environment Support -
Biodiversity and Climate Action
the Neighbourhood South region

Basin Approach with an example

Manage Residual Risk

FRM -T100 years FRM -T1000 years
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Basin Approach with an example

Flood Management Options

Option A: Levee or Embankement

FHM -T50 years
®LDK
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Basin Approach with an example %’\ LS

ity and Climate Action
urhood South res

Flood Management Options

Option A: Levee or Embankement

QO costlier flood protection works,

FHM -T100 years O more significant environmental imprint,

T T J—— Q larger spatial imprint / social impact. eyt b S
0000 the European Union
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Basin Approach with an example QWESBCA

diversity and Climate Action
in the Neighbourhood South region

Flood Management (Hybrid) Optionsc
Option B1: Embankement + Check Dams (Hydrid Approach)

FHM -T100 years
®LDK
aaag xooruTASsA U smaller environmental & spatial imprint.

CONSULTANTS

U water retention and sediment trapping,
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Basin Approach with an example

FHM -T100 years
LDK

Flood Management (Hybrid) Optionsc

Option B2: Embankement + Terracing

O water retention and sediment trapping,

U smaller environmental & spatial imprint.
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Basin Approach with an example

Flood Management Options

Option C: Water Reservoir + River NWRMs (Hydrid Approach)

Flmuulplais ¥alfai

Rachargs Beain

O water retention upstream,

o8 LKconsumSSA O Ecosystem enhancement downstream. 4
CONSULTANTS Source: CA Dept. of Water Resources
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Basin Approach with an example

Flood Management Options

Option D: Floodplain Reconnection + River Canalization

FHM -T100 years O water retention & Ecosystem enhancement upstream,

: I._ 2 5 Funded by
oo oe rowUTANSSA 0 Water level and flow control the European Union




WES-BCA ! ‘,

Water and Environment Support -
iodiversity and Climate Action
e

Biodive
in the Neighbourhood South region

Multidisciplinary approach

Project Conception Project Realisation Project Operation

1
Specialist ermitting perational rules

-
Specialist Consultation

- BEM - =
Specialist Coordination onitoring

Maintenance

: kl: 5 Funded by
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Multidisciplinary approach VWESBCA

Project Conception

l Hybrid methodology includes the following steps:

v modelling NWRMs individually, by quantifying peak
attenuation, volume reduction, lag time, etc

v’ check conventional measures size based on modified
‘ hydrographs and modify conventional measures dimensions
(e.g. pipes, tanks, levees, culverts, etc).

v CAPEX/OPEX calculations based on modified conventional
measures design,

v’ calculate Cost Benefit Ratio (CBR), by adding all individual co-
‘ benefits in order to capture full hybrid value.

v' run sensitivity analysis based on different climate variability
scenarios and performance levels.
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Multidisciplinary approach VWESBCA

Project Realisation

L Hybrid measures require:

v clear institutional capacity (technical, administrative, etc)
to implement all three types of measures (conventional,
NWRMs and non-structurals).

‘ v' joint committees/ task forces in order to:
" provide a smoother permitting.
= to avoid overlaps and miscommunications

v’ adequate socio-economic conditions, like blended
‘ financing, long-term/multi-year funding stream (not one-off
project budget).

v’ stakeholder  acceptance, early involvement and
transparent communication

OLDK Funded by
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Multidisciplinary approach VWESBCA

e R O pEEE Hybrid measures require:

( A \ d Operational & Maintenance (O&M) protocols,
Operational rules should include well-defined responsibilities across
agencies.

‘ d Maintenance protocols (regular, periodic, post-event),

Insufficient maintenance may lead in performance decline.
Hybrid system’s interface is often a failure prone zone (unified system)
 Monitoring tools
‘ Hybrid interface monitoring is the most critical and includes monitoring
both structural assets and NWRM:s.
J Long-term management.

Hybrid systems are more robust, but resilience should be evaluated
against climate change, urbanisation, infrastructure failure scenarios, etc
LDK CONSULTANTS S.A. 18 “ the European Union
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Community involvement 5 &> WESBCA

Biodiversity and Climate Action
in the Neighbourhood South region
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T Pré AGE £
====l Uraltement T [ ) FLOOD HAZARD MAPS

d'enyemble jdebis & Fendtore
e D v Ly

e

Evanntion | |- i

Post

traitement ‘){

i AWARENESS & FEEDBACK FLOOD MANAGEMENT
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Hybrid Measures Synopsis M WESCh,

Combined use of NWRMs and conventional measures can show indicatively:

v" 10 to 40% reduction in required conventional measure capacity for the same
design storm,

v' 20 to 60% attenuation volume reduction,
v' 0.2 to 0.8 m reduction levee height,

v Pipe diameters reduced by 1-2 nominal sizes.

Hybrid measures are best suited for rural & peri-urban catchments with space
availability for flood storage in areas with lower land acquisition prices.

: I._ 2 5 Funded by

LDK CONSULTANTS S.A. the European Union
11 20 & =Hrep
co

z
2
c
=
-
>
z
3
%]



) \
A WES-BCA
Water and Environment Support -
Biodiversity and Climate Action
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Predictable hydraulic performance High CAPEX & OPEX

High reliability for extreme events Low adaptability to climate change

Flood Management Comparative Summary

Conventional
measures

Clear design standards & regulation Environnemental impacts
High co-benefits Land-intensive

Flood attenuation Limited performance for extreme events
Improves ecological status Seasonal variability

Flexible to climate variability Slower permitting in protected areas

High hydraulic performance Higher CAPEX than NWRMs

Allows conventional measures downsizing More complex design & modelling

Hybrid (reduced cost) Interdisciplinary permitting OPEX higher
easures Co-benefits than NWRMs

Climate-change robustness Requires coordination across agencies and
Reduced residual risk landowners

Funded by
the European Union

K
: LDK CONSULTANTS S.A.
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MEDITERRANEAN : IMPLEMENTATION CHALLENGES

Mediterranean Challenges Impact on Hybrid Measures

Flash floods, drought—flood cycles,
sediment loads

Overloading of NBS, high maintenance

Fragmented governance, i . .
5 & Slow permitting, design incompatibility

rigid public works law
Hard-to-quantify co-benefits,

Underinvestment, preference for grey
short funding cycles

Sparse data,

limited modelling tools
Land-use conflicts,

perception issues

High uncertainty in design/performance

Low acceptance, limited space

Funded by
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Hybrid Measures V WESBCA

The term “hybrid” doesn’t refer only to combination of different engineering measures.
Hybrid measures can (should) include:

Engineering measures
(Conventional, NWRMs or Hybrid)

Non-Structural measures
(policies, planning tools, management practices and behavioural or institutional measures)

Non-structural strategies reduce exposure, improve preparedness and manage risk
through improvement in land-use planning, strengthening long-term catchment
resilience and encouraging behavioural change in communities

Funded by

23 the European Union




Non Structural Measures

Land-use planning and zoning

prevents construction in high-risk
flood zones,

Water and Environment Support -
Biodiversity and Climate Action
in the Neighbourhood South region

Operational & Water
Management Tools

critical for evacuation and
emergency response

Non-structural measures

Policy & Economic Instruments
by shaping incentives,
regulations and governance

LDK CONSULTANTS S.A.
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Behavioural & Capacity-Building
Measures

increase acceptance and build
capacity for implementation
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Land-use Planning & Zoning

o

Flood extends

Land-use planning and zoning

prevents construction in
high-risk flood zones
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Land-use planning and zoning 1 spitais, | Standard
prevents construction in centres houses

high-risk flood zones
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Land-use Planning & Zoning

Graduated Planning Controls

Critical
utlities e.g.

No'floodl

<=

1
1
1
1
1
1
E
evacuation | Single storey
!
1
1
1
I

risk Low flood

risk

Extent of
PMF

LDK CONSULTANTS S.A.

Extent of 1000
year flood

26

Flood
resistant

houses

T

Moderat”

flood risk

1867 flood

Extent of

Flood resistant

two-storey, high

' single storey | rise residential,
industrial,
commercial

High Flood

risk

Extent of 100

0 &

WES-BCA

Water and Environment Support -
Biodiversity and Climate Action

riculture, recreation, open

pace, some commercial

flood risk

Funded by
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Water and Environment Support -
Biodiversity and Climate Action
urhood South regi

Policy & Economic Instruments

Incentives
Policy & Economic Instruments ) Fm‘f;j':} s Water
by shaping incentives, Regulations il Retention
regulations and governance Measures
Governance
Frameworks
Source: Zelenakova et al., 2017
LDK Funded b
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" WES-BCA

Water and Environment Support -
Biodiversitv and Climate Action

Policy & Economic Instruments

* Federal Ministry for the ) Umwelt - Global Water

- I o it Sy, orsrvton Bundes . .. Partnership
Amt @ Certral and Eastem Eurd
o o

Techrical Repoit - 2014 - 082

Water Framework Directive

The way towards healthy waters

—— Retention Measures

_ing team of the WFD OIS Working

1 , Wﬁ | b : __1 | ime of Measures (WG PoM)
Retention Measuresi=
NATURAL SMAL in Europe = :

combining drot} Capturing the multiple benefits
and big of nature-based solutions

w Natural Water Retention Measures
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Water and Environment Support -
Biodiversity and Climate Action
in the Neighbourhood South region

Operational Management Tools

l

) =rg g
- CITEIMEAiRS
Friantia
5

Operational & Water
Management Tools

N ——

INTERMATIONAL SAVA RIVER BASIN COMMISSION

critical for evacuation and

emergency response '

FLOOD HAZARD AND RISK
MAPS
IN THE

SAVA RIVER BASIN

prén bt

UPDATE 2024

Final Draft

Tapi River Basin Management Plan = :
in I.lﬂ_huf R ¥ hﬁq_ﬂlnﬁ;ﬂnﬁﬂ"ﬁhu
i Riwenr Hpgits it rick i
Epius | HIH)-

Prepared
withen the frame of the Tapi River Basin Committee

and under the India-EU Water Partnership’s Priority Area 1

SRRy

7 é Wi . ®
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Operational Management Tools

Biodiversity and Climate Action
in the Neighbouthood South region

Operational & Water
Management Tools

critical for evacuation and
emergency response

Funded by

LDK CONSULTANTS S.A. -
the European Union
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Operational Management Tools V WESBCA

in the Neighbourhood South region

(rainfall to runoff)

===i= gn:::g;::;)glcal \ “ Hydrological model

Information
Hydrological Dissemination/
Forecasts ..
I' e Decision SIS (A
. Protocols

Making

Flood

W Emergency Plan

Hydraulic
Modeling &
FH Mapping

Operational
applications

Stay alert. Stay safe.
inguired@greenshilt.mall | 222 568 7777 | Template.net

Funded by
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WES-BCA

Water and Environment Support -
Biodiversity and Climate Action
in the Neighbourhood South region

Example of a Al Flood Forecasting System

Nomi-Pertouli Nomi-Kalampaka Enipeas-Domokos Enipeas-Vouzi Lithaios-Kalampaka Hydro-Station Meteoscope

{5 Nomi_models

Last hour's preci... Last 24h precip. ... Various models vs water depth

12h forecast

water depth (m) water elevation (... ) ——t == ) - i
03/31 00:00 04/01 00:00 04/02 00:00 04/03 00:00 04/04 00:00

e water depth == XGBOOST == nn == HCMR

Water elevation - ensemble models (m.a.s.l)

Source: Lagouvardos et al., 2026 and METEO.GR

OLDK Funded by
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EMERGENCY RESPONSE
ANNOQUNCEMENTS OF SELF-PROTECTION MEASURES BY THE HELLENIC FIRE SERVICE

Behavioural Measures

STORMS - FLOODS

During storm — flood:

Behavioural & Capacity-Building
Measures

IF WE ARE IN A BUILDING / HOUSE IF WE ARE OUTDOORS

increase acceptance and build Mo rombecmerts oot moveand
o o o and go to higher place seek a safe, high place
capacity for implementation

If water enters the house, immediately Never cross rushing water
turn off the main power supply on foot or in a car

Help disabled people, We stay away
do not forget pets from power lines

Announcements of self-protection measures by the Hellenic Fire Service at the beginning of
Daniel on 5 September. Source: https://twitter.com/pyrosvestiki/status/1699009586085200268

30-Year Mortgage

Chance your home floods
at least once over an

Average Lifetime

Chance your home floods
twice over an

SLDK | ) Average lifetime RERR Funded by

@O O®® 5« coNSULTANTS SA. weather oy N Ui
0000 e European Union
CONSULTANTS

Source: Tfma flood awareness week



Behavioural Measures

Behavioural & Capacity-Building
Measures

increase acceptance and build
capacity for implementation

OLDK
@O O®® 5« coNSULTANTS SA.
0000
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Floodplains by Design Accomplishments to Date

+ REDUCING RISK, RESTORING RIVERS -

created

v

71 S 28

miles ~ N recreation
of river restored, areas
protected or @ ~~ improved or
with improved established 7’925
habitat acres
of floodplain
reconnected

£ N~

v & v
3
— v el Ay
o= e

N\ structures or
I A\\\

homes
removed or with
reduced flood risk

63
communities
with reduced risk

11,646
acres
of improved

v
v
A L
working lands i ﬂ‘ (S Y “
iy RY v\ Y 5,476
i =
(, m of land

protected from

development
(includes working

fands)

Source: Floodplains by Design Selected Cumulative Grant-
34 Funded Outcomes, 2013-2023



Behavioural Measures Y .

Co-decision and Balanced shere of power among
co-production stakehoiders ivolved

Behavioural & Capacity-Building

Measures Partnerships e mmm stakeholders.
increase accgptance and !omld | P —
capacity for implementation FRRESASIIACON B tof i Sy

Pravide opportunities to take part in the poficy/project process
Participation Mmtmtﬁl participants have an influsnce over
‘decision maxing

‘ Galher comments, percsption, nformation and experience:of siskehoiders
Consultation Mo obligation 1o take stakeholders’ mmwm the final

Make water-related information end data available to other parties
Communication mmﬁ o Mﬁﬁm.h
specific water issue
mwmwmhhmwwﬂh

&

EEEE OECD Typology of.level of stakeholder engagement
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Behavioural Measures — An Example

Stakeholders engagement (source: www.gwp.org)

More than 6000 students trained!
Water for the City program

36 (source: www.gwp.org)

LDK CONSULTANTS S.A.
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Water and Environment Support -
Biodiversity and Climate Action
in the Neighbourhood South region

“Water for the City” program

= BN .
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Water and Environment Support -
Biodiversity and Climate Action
in the Neighbourhood South region

Non Structural Measures Benefits

Non-structural measures provide indirectly significant benefits via:

J the management of exposure through land-use and spatial planning,

[ the preparedness improvement and response planning through early-warning
systems, emergency plans, evacuation protocols and public awareness campaigns,

[ an effective governance and agency coordination,
 the establishment of specialized frameworks,

[ financial incentives (or disincentives) for sustainable land management.

Non-structural measures are not a “stand alone” flood management approach, but
complementary to both NWRMs and conventional measures.
Their effectiveness lies in setting the groundwork for all other measures.

5 Funded by
. . LDK CONSULTANTS S.A. .
o0 37 the European Union



Hybrid Schemes Examples ’\ ﬁem

_ Grey Infrastructure st\.'t'ﬂ}’c't%r';f’“ m

Grey infrastructure
protects critical assets

Green reduces load

Hybrid Scheme 1: Protect dense urban  Urban NWRMs Green roofs,
areas with high asset permeable pavements
: . value & swales reduce
ities an stormwater enterin
ET IR m W (levees, floodwalls, Nol\r}I-StructuraI the system, reduceg
towns pumping stations) easures overload

Zoning & early warning
systems reduces
exposure

Funded by

the European Union
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Hybrid Schemes Examples

Watendﬂwl

‘A mk

- Grey Infrastructure NVSthill}/clt%rglon m

Wetlands store water
and slow hydrographs

Hybrid Scheme 2:

Reduce downstream

Large river basins, flood peaks
floodplainisystems; B o ETy I Tlalely
upstream basins)
mountainous
catchments

DK
@ ® K CONSULTANTS S.A.
o0

Wetland & Forestry

NWRMs
&

Non-Structural
Measures

39

Forests increase
infiltration, stabilize
slopes and reduce

sediment production

Grey infrastructure

handle residual peaks

Funded by

the European Union



A WES-BCA
Water and Environment Support -
Biodiversity and Climate Action
in the Neighbourhood South region

Hybrid Schemes Examples

Grey Infrastructure | NWRM & Non

Structural

Agricultural Soil moisture
& hrczlt_entioréi forelst .
e Forestry " ncréase chimate
Mitigate drought fr
while manaEing lood & resilience
Hydrological basins ris Wetland NWRMs

with stron .s.easonal
variability

Grey infrastructure
provides backup

supply

(reservoirs, etc) 2

Non-Structural
Measures

Funded by

the European Union
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