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BACKGROUND

NBS and its role in mitigating the effects of adverse climate change
OPERANDUM AND ITS GOALS

OAL concepts

CHALLENGES & OPPORTUNITIES IN NBS IMPLEMENTATION
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Nature-based Solutions: concept(s)

Conceptual framework

infrastructure

Nature-based Solutions
as
an umbrella term
for
ecosystem-related approaches

Nature-based Solutions (NBS) are defined
by International Union for Conservation
of nature (IUCN) as “actions to protect,
sustainably manage, and restore natural
or modified ecosystems, that address
societal challenges effectively and
adaptively, simultaneously providing
human well-being and biodiversity
benefits”.

Broad definition - valid across
disciplines it requires declination
according to the expertise

This project has received funding from the European Union’s Horizon 2020 research and innovation

programme under grant agreement No 776848
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Eggermont et al. 2015 GAIA-Ecological Perspectives for Science and Society, 24(4), 243-248

This project has received funding from the European Union’s Horizon 2020 research and innovatjon
programme under grant agreement No 776848




% NbS Challenges

OPERANDEN Lack of science-based evidence on:
* NBS effectiveness * NBS upscaling ability
* NBS impacts over * NBS transferability Pt o

medium and long term

/ Upscaling

Transfer and upscale " Identfy

NBS /~ probiemor
2 opportunity

7' e/ Y

Selectand asssssNBS
Monitorand and related actions

Frequenty engazs e stakeholders and = bl 'e‘:naetfe'l't;o
communicate co-bensefits

\ ) \ / Expanded proof of concept &

Demonstration
initisxxives —
solutiontesting

Innovative
solutions

Transform into
mainstream
solution

demonstration stages
Design NBS

implementation Raymond et al. 2017.

processes

R P Environmental Science &

Policy, 77, 15-24
This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 776848



";? Climate change and extreme weather
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a) Synthesis of assessment of observed change in hot extremes and
confidence in human contribution to the observed changes in the world’s regions

Ty ofoservedchangs s " # Climate Change can
@ ree S i | e | translate low-risk situations
@) ecme o | high risk situations and
() awsreemert i the e ofchange 2 sharpen the impact of
& hydro-meteorological

s hazards.

Small

~
\W Islands

Central ——
America

O Limited data and/or literature (2)

Confidence in human contribution
to the abserved change

eee High
. South
e¢ Medium America
® Low due to limited agreement
© Low due to limited evidence

ipcc

INTERGOVERNMENTAL PANEL oN ClimaTe change

Climate Change 2021
The Physical Science Basis

b) Synthesis of assessment of observed change in heavy precipitation and

confidence in human contribution to the observed changes in the world’s regions
Type of observed change
in heavy precipitation

‘ Increase {19)
O Decrease (J)

O Low agreement in the type of change (8)

Central
O Limited data and/or literature (18) America

Confidence in human contribution
to the ohserved change

see High
+e¢ Medium
 Low due to limited agreement

o Low due to limited evidence g
I Type of observed change since the 1950s @ ‘{‘5»‘“
Figures from the summary for policymakers of the latest IPCC report A




"9 EU — funded research
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Natural and
Water climate hazards Green space
management management

Biodiversity

enhancement New economic

opportunities and
green jobs

l j d
Q. ¢

Health and ol LT ¢ / Place
well-being ) regeneraticn

NATURE-BA

RESEARCH
PROJECTS TACKLE THE
AND

Nature-based solutions (NBS) are inspired and supported by nature, they are
cast-effective, simultaneously provide environmental, social and economic benefits
and help build resilience; such solutions bring more, and morz diverse, nature and
ratural features and processes into cities, landscapes and seascapes, through locally
adapted, resource-efficient and systemic interventions. NBS must benefit
biodiversity and support the delivery of a range of ecosystem services.

Air quality
Knowledge building for
sustainable urban 5 |
transformation [[ 7T

Participatory planning 5 W ScclgljusliceAand
and govemance Climate resilience social cohesion

This project has received funding from the European Union’s Horizon 2020 research and innovatjon
programme under grant agreement No 776848
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> 150 MEURO in 2018 for 18 projects

CSA

SC5-10-2016

Establish science-policy-business-society interfaces to
allow for continuous dialogue and interaction

Q| ra

SC5-9-2016

Promote the uptake of ecosystem-based approaches for
disaster risk reduction and climate change and the
exploration of the concept of the insurance value of
ecosystems

RIA

SCC-03-2016

urban planning, new governance, business, financi(_

Enable the systemic integration of NBS into a susta@,l;?
models and partnerships

SCC-02a-2016

To provide a robust, EU-wide evidence base and develop a
European reference framework for nature-based soly~gnNs
in cities (water and climate resilience) %

OPERANDUM

SCC-02b-2017

To provide a robust, EU-wide evidence base and develop a
European reference framework for nature-based sol/<pAs
in cities (inclusive urban regeneration) %

PHUSICOS
RECONECT
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OPERANDUM delivers the tools and methods for the validation of nature-based solutions
in order to enhance resilience in European rural and natural territories
by reducing hydro-meteorological risks.

EU funded project 9
GA no. 776848



%

OPERANDUM

OVERALL OBJECTIVE

To reduce hydro-meteorological
risks in European territories

Co-design
Co-develop
Deploy
Test and demonstrate

Push NBS' Business
exploitation

Provides science-evidence
for the usability of NBS,

best practices for their design

based on participatory
processes

Foresees multiple level of
stakeholders
engagement to leverage
widest possible NBS
acceptance and diffusion

as a good practice.

Strengthens local framework
of NBS-based policies and
promotes technology and

innovation in NBS to create
a European leadership

i EU funded project
GA no. 776848
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SPECIFIC OBJECTIVES

£°3 * SO1 - Integrate knowledge about NES efficacy against
=S hydro-meteorological risks

* SO2 - Strengthen technology innovation in the area of NBS

* SO3 - Improvement of acceptance of NBS based
implementation

* S04 - Enhancement of market demand and increase
of competitiveness of NBS

* SO5 - Strengthening the adoption of NBS in national policies
for DRR land planning, EIP Water

i EU funded project
. GA no. 776848
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OPEN-AIR LABORATORIES (OALs)

eStart date of the project: 01/07/2018
eProject duration: 54 months (end date
31/12/2022)
eOverall budget:
Total cost: 14.696.502 €
Maximum EU grant
amount: € 12,257,343.25

e Co-design, co-develop, deploy
of novel
blue/green/hybrid NBS

e Technical and scientific
evaluation for NBS efficacy

e Cutting-edge multiple
monitoring systems

e Upscaling and replication
through up-to-date multi-scale
numerical modelling evaluated
using novel monitored data

EU funded project

@ Open-Air Laboratories

@ Countries
@ Partners

Companies
Designer
Delivery&Maintenance

o

Knowledge-based
Organizations
Designers
Monitoring

Monitoring

Associations
Influencers
Monitoring

Funders/investors
End-users

*ublic Bodies/
Policy Makers
Influencers

Policy makers
Funders/investors
End-users

Policy uptake
Innovation on NBS
(CONVENTIONAL AND NOT
CONVENTIONAL)

Business opportunity
and exploitation
Novel and originally-
designed ICT platform
on NBS

GA no. 776848
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STRATEGY OF OPERANDUM

Lack of science-based evidence on:

* NBS upscaling ability
* NBS transferability

/

Transfer and upscale
( NBS //q
/ e

communicate co-benefits

v

Implement NBS —

Expanded proof of concep
demonstration stages

evaluate co-
fFrequenty engage stakeholders and / benefits

EU funded project

GA no. 776848

* NBS effectiveness
* NBS impacts over
medium and long term

Proof of concept

P

Acceptance
(holistic view on stakeholder
engagement strategy,
(WP8, WP3), building
evidence)

Multi-scale modelling
able to capture short and long
term — strong linkage with climate
projections downscaled at OAL

evaluation of dynamic indicators) levels (WP5)

(WP1, WP2, WP3, WP6)
NBS-CHALLENGES Careful strategy for design

of monitoring
NBS using cutting-edge monitoring
systems,
and multiple investigation (e.g. Downscale

Emphasis on Indicators
used at multi-level

(from monitoring the experiments, for the

A variety of hazards &

risksbeing considered
(from river flooding to landslides, storm surge,
coastal erosion, eutrophication, salt intrusion)

Innovation in novel NBS or in

novel applications
(WP2); novel NBS platform (OPERANDUM GeolKP)
based on latest developments on the field (from
case studies (WP1), new cases and paved on
detailed user profiles) (WP7)

Multi-level impacts

(local, national, EU,

international) - WP8,WP9




'@.? FOCUS on NBS implementation via OAL

OPERANDUM

OPERANDUM site-specific NBS are co-designed, co-developed and tested with local
stakeholders in open-air laboratories (OALs).

EU funded project
GA no. 776848




Qég The Open-Air Laboratory
OPERANDUM . . . ..
A trademark of OPERANDUM, Open-Air Laboratories generalize the Living Lab
approach to the co-creation and demonstration of NBS. It is the framework where
scientists from different disciplines work together with enterprises, regional
agencies and all stakeholders in a holistic approach towards climate change
adaptation
Open Air Laboratory
,J- \
-~

The ‘products’
of the OAL

Demonstration

Climate data

Demonstration of
NBS
effectiveness.

Assessment of

ik co-benefits
Evidence basis

and methodology

Experiments Replication & Upscaling for
replication and



My Climate Risk

Explaining and

The OALs operationalise an Predicting Earth
. .. . . System Change
ongoing transition in climate
science and climate change
adaptation, from a ‘predict then
act’ approach
to a ‘bottom-up approach’. safe Landing

Climates

My Climate Risk Digital Earths

““WCRP Academy

As outlined by the research
agenda of the World Climate
Research Programme,
this new approach is based on
multi-disciplinary labs
that work closely with local
stakeholders to provide

climate-related knowledge
that is relevant at the local scale.

World Climate Research Programme




NBS for hazards spreading in Europe

Green roofs/walls to reduce flood
and heat wave risks in Dublin

Water retention landscape to
reduce drought risk in Portugal

& River restoration
for flood

protection,

Netherlands
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Sites of application of NBS to mitigate hydro-meteo hazards
documented in the European OPERANDUM GeolKP platform



NBS for coastal erosion & storm surge

Examples from
OAL-ITALY

Marine Sea grasses

Zosteraceae Posidoniaceae Cymodoceaceae

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 776848




NBS for coastal erosion & storm surge

Tools to assess Sea Grasses Habitat
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The extreme events on OAL Greece are dlrectly assouated W|th the Sperchlos River.

g8 \When some meteorological system adds an unusual volume of water to its run-off
& basin and the water level exceeds the river capacity, a flood event occurs. As
# agriculture is the main economic activity in this region, flood events can produce

losses which may make the one-year budget unfeasible, mainly when it affects the

{ local infrastructure. Just to give a dimension considering only the 10 major flood

events of the last 30 years, the total damage comes close to 2 billion euros (without

WA exchange variations) distributed over an impacted area around 180 km?.

*
*

P

*

* *
* oy x

"\T)ys pré']‘ect hasnec rofni‘ne Europeaq Unlon s Horizon 2020 research and mnovatlon
p?'ogramme unde;: ngnt'bgreement No 776848 ; :


https://commons.wikimedia.org/w/index.php?curid=22548986

FLOODS

The primary hazard occur regularly
exceeding the Spercheios River
capacity, affecting most elements of
the local socio-economic system. On
29th June 1939 a flood discharge
estimated on 800 m3/s occurred as
response to sudden snowmelt.

e W, i’, et

P

T Thls prOJect has seceNedfnmdmg}frofn the European Unlon s Horizon 2020 research and |nnovat|on
g pl’ogramme under grant agreement No 776848



https://commons.wikimedia.org/w/index.php?curid=22548986

NBS for flooding

Examples from OAL-GREECE

Karditsa®

OAL Greece

Area affected by Floods
Two Principal-Events (1990-2018)

12 Jan 1997 » 103 km?**

22 Oct 1994 » 35 km?

\
\ ~d < o Skm

Km?

®

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 776848




2 billion euros (without exchange variations) distributed over an impacted area around 180 km?

NBS for flooding

Examples from OAL-GREECE

TOP 10 EXTREME EVENTS

Upper Air Max Total Losses
Structure Rain Rate* Precipitation*®
01 |31/12/1990 |Flood Single Cells [ Mer. Trough® |0.7 mm/h 3.9 mm/120h |Agriculture
02 107/10/1994 |Flood Cold Front Cut-off Low |4.5 mm/h 26.7 mm/48h |Agriculture
03 |21/10/1994 |Flood Cold Front Cut-off Low |9.5 mm/h 134 mm/72h |Agriculture
04 |12/01/1997 |Flood Cold Front Cut-off Low |5.0 mm/h 69.4 mm/24h |Agriculture
05 |25/12/2001 |Flood Cold Front Conf. trough®* 5.2 mm/h 20.5 mm/24h |Agriculture
06 |23/01/2003 |Flood Single Cells | Diff. trough’ |1.7 mm/h 5.5 mm/24h | Agriculture
07 |31/01/2003 |Flood Cold Front Diff. Trough® |4.5 mm/h 36.6 mm/48h |Infrastructure
08 |28/05/2004 |Flood Single Cells | Diff. trough’ |0.5 mm/h 1.6 mm/120h |Agriculture
09 |21/04/2006 |Flood Single Cells | Conf. trough? |4.8 mm/h 12.3 mm/24h |Economic
10 |29/01-03/02 |Flood Medicane Cut-off Low |6.0 mm/h 191mm/120h |Infrastructure
2015 agriculture

*Mean over 6 gridpoints inside the OAL area using the ERAS dataset. 'Diffluent trough. *Confluent trough.
*Meriodional trough.

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 776848




NBS for lanslides & floods

Examples from OAL-AUSTRIA

Composed by several valleys and small tributaries distributed " R
along 11.5 km of the Watten River, the OAL Austria is exposed to - ’
landslides and floods. In most cases, the identification of landslide
events can be very long once the ground displacement occurs
about cm/year.

e f}/,,\'}éttens

{
!

According to historical records, extreme

rainfall events in this region can

simultaneously trigger both hazards.

The main event occurred in 1999, a 100-year
flood around the Pentecost season that
mostly affected Bavaria and Tirol. In this year,

the flood was caused by heavy rainfall

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 776848




NBS for lanslides & floods

Examples from OAL-AUSTRIA

. 500 — 100 —
Comparison of the "

displacement rate derived
from an (Automatic Tracking 3754 754
Total Station) ATTS and time
series of snow height and
daily deviation of
precipitation from the
long-term mean (1989-2018;
orange, runoff and light blue,
precipitation) and its
cumulative sum. The
displacement rate and the 41254 25
deviation of precipitation are MJ\

250 —

125 —
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Deviation of precipitation [mm]
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shown on a daily basis (thin g

lines) and as shiftingcentral ==  cecErCCcEEC e s s R E S i c s R EE s enremE
means with a window size of
50 days.

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 776848

Landslide displacement rate

Snow height [cm]

[cm/year]



'..j Drought & Salt intrusion
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'@9 Drought & Salt intrusion

OPERANDUM
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w@ HAZARDS — EXTREMES AND METHODS

OPERANDUM

A detailed description of the extreme hydro-meteorological
events occurred in the OALs (1989-2018), with the aim to
provide an assessment of the background in experimental sites,
to properly set-up observational and modeling tools, and
experimental campaigns.

The wide spectrum of hazards, combined with the variety of
OALs characteristics, prevented any attempt of standardized
approach across the OALs.

The site-specific criteria adopted for selection reflect,
purposely, how differently hydro-meteorological risks are
perceived by the Partners in charge of OALs.

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 776848
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OPEn-air laboRAtories for Nature baseD
solUtions to Manage hydro-meteo risks

Finland

4%
N .

1% 0%

Germany

60
9
5% 7%

Italy - Panaro

8% 10%

OAL physical and climatological characterisation

Ireland

Based on ERAS reanalysis
1989-2018

@® 150ct

@ Water areas

O Agricultural areas and pastures
O Forest and seminatural areas
@ Wetlands

O Artificial land and bare land

O NA

OAL Ireland -

@® 4Dec

OAL Germany -

@ 17Dec

Greece
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OAL Austria -

@® 21 Nov

@® 100ct

@® 17 Dec

OAL Greece -
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@ 12Dec
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Extreme Events in OPREANDUM OALs

OPERANDUM
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source of data for extreme event selection across the OALs

—lzlmmmlmmm

Newspaper records X

Scientific literature X X

Local authorities X X X X X X X
Direct data analysis X X X X X X X
Global repository

Internal database X X X

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 776848
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OPERANDUM Extreme events in OALs

OPEn-air laboRAtories for Nature baseD
solUtions to Manage hydro-meteo risks

classification of the criteria used for events’ selection in the OALs

_Event | T | Fl | DE | GR | AT | UK | IE_ | CHK | CML | AUS

Flood River Impact Impact Area Impact Area
Level
Storm Wave Wave Impact
Surge  Energy height
Land Landslid Rainfall Rainfall
slide e Speed Rate Rate
Drought River Impact Aridity SPI
Flow Index
Heat Impact Impact
wave

Quantitative, site specific, threshold values: numerical thresholds are used to classify the severity of
events, after local climatology. Quantitative threshold values defined looking at OPERANDUM dataset.
Qualitative assessment after direct analysis of multidimensional data (stakeholders’ reports, impact on

media)
_ LTHS Projece rids receiveu 1unaing 1mormn wne curopedrl Urliorn s noriZon 2vuZu resedicn dia imnnovdtiorn

programme under grant agreement No 776848



A~ OPERANDUM Project
OAL Italy

STORM-SURGE (5-7 Feb 2015)

Defined by local authorities as the main event
within the North Adriatic in the last decade,
responsible of several damages to infrastructures,
defences structures and bathing establishments
along the whole northern Italian Coast.

EXTREME RECORDS OBSERVATION DATA

1.21m Sea Level 44°(NE) WEVE
Porto Corsini Direction
4.31m Wave Height 516 mh Wave Energy

Nausicaa 74 h Duration

QILER DAMAGES: Beach Erosion and Marine Flooding

Credits lanuovaferrara.gelocal.it
Dolan & Davis (1992- classification scheme - severe

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 776848


https://video.lanuovaferrara.gelocal.it/locale/maltempo-a-porto-garibaldi-e-lido-degli-estensi/38214/38319
https://lanuovaferrara.gelocal.it/
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'& Type of models involved in OPERANDUM

Scale addressed and Ability of the numerical models of being

Scale Addressed

applied at different scales.

Applications
Coastal Areas I
Rivers I

Landslides I
Estuary/Delta I

Atmosphere I

Local Regional

O (lkm)  O(100km)

EU funded project

GA no. 776848

Mesoscale

100-1000km

Ocean IS

Lakes Il

Nutrient fluxes il
Sediment transport
River catchments Il
Mountain environment M
Groundwater
Forest areas

| ]
Synoptic D.Data for Impact-Models Il
Aagriculture Il
O(1000km) 0O 2 4 6 8 10 12 14 16




OPERANDUM

OPEn-air laboRAtories for Nature baseD
solUtions to Manage hydro-meteo risks

Operandum is a European project that researches
sustainable solutions based on nature to adapt
rural and natural territories to extreme weather
events. The project focuses on floods, droughts
and storm surges that are rising in frequency due
to climate change. It delivers tools and methods
to prove the efficacy of nature-based solutions.

In the process, the team includes multiple
stakeholders like researchers, policymakers and
citizens. With its work, Operandum establishes
the framework to strengthen adaptation policies
while boosting business opportunities to build
more resilient territories.

NATURE-BASED SOLUTIONS

Nature-Based Solutions (NBS) are inspired and
supported by nature, as opposed to traditional
engineering adaptation measures that are built
against it. They are cost-effective and locally
adapted, and provide environmental, social
and economic benefits.

Storm surges cause coastal
erosion in seascapes. In Lido di
Volanoz Beach, in the Italy OAL,
the team is building artificial
dunes, as they can protect them
and also adapt to the changes in
wind, climate and sea levels.

& wwwop projecteu © +39 051209 5215
) https: ikp.of um-p eu/
% info@op projecteu ¥ @OPERANDUM_EU

This project has received funding from the
European Union’s Horizon 2020 research
and innovation programme under grant
agreement No. 776848.

EU funded project
GA no. 776848

OPEN AIR LABS

Austria, Finland, Germany, Greece, Ireland. Italy,

Scotland (UK), Australia, China, China (Hong Kong).
Operandum tests several Nature-Based Solutions
through a novel concept: 10 Open-Air
Laboratories (OALs), international ‘living labs’
where the solutions are co-developed and
demonstrated with local stakeholders, covering
different climate change scenarios.

To reduce erosion and landslips in
the coastal area, in the UK OAL
the team is building a live crib wall
with timber logs instead of the
conventional concrete. This allows
vegetation to cover the wall,
providing stability and landscape
regeneration simultaneously.

e

Eroded rivers’ embankments are
more vulnerable to floods. In the
Panaro River, in the Italy OAL,
Operandum is planting
herbaceous perennial deep
rooting plants to protect them.

(Yo
(o)

HAZARDS

Py =
o \=/ 0

Drought Storm surge

o

Soil erosion Landslide

.@ .@

Flood Seawater intrusion
Coastal erosion Eutrophication

GeolKP

The Geospatial Information Knowledge Platform
(GeolKP) serves as an online open hub for sharing

knowledge about Nature-Based Solutions. It includes

information for multiple stakeholders and offers
assessment tools to guide them through the
implementation of the solutions.

To prevent surface erosion and
shallow landslides, Operandum is
constructing in the UK OAL live
ground anchors, an engineered
anchored grid, supplemented with
natural sustainable materials. This
temporary structure supports
vegetation growth and provides
slope stability.

Extreme weather events can
increase the nutrient load of lakes
and cause eutrophication, limiting
the oxygen available in their
waters. In the Finland OAL,
Operandum is building artificial
wetlands, as they have low water
flow velocity and can capture
nutrients before the river enters
the lake.

THE PROJECT IN NUMBERS

1oi£ 26% 4+Z 14M@©

International
partners

Open-Air
Laboratories

Years
(2018-2022)

Funding

Landslides can be frequent in
slopes when there is heavy rain. In
the Austria OAL, the team is
planting the land with saplings of
local plant species 1o stabilize the
slope and reduce erosion.

In some slopes, surface and
groundwater accumulations are
common and they lead to soil
liquefaction and landslides. In
Scotland, in the UK OAL,
Operandum is building a live pole
drain with natural sustainable
materials to promote the
development of roots and retain
eroded materials and debris.

To manage droughts and
heatwaves, the China OAL's team
is increasing afforestation, as
forests can serve as heat sinks
and increase humidity.
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OPERANDUM Web- Based Platform
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Qg? OPERANDUM Open-Air Laboratories

OPERANDUM

OAL-CML
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% OPERANDUM NBS vs Hazards
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OPERANDUM

* NBS are actions that can used to adapt to climate change by considering specific
hazards, location, site characteristics

* NBS to be functional and effective needs to be monitored over time

* NBS implementation requires large resources and multi-disciplinary approaches —
large projects such as OPERANDUM that includes a variety of expertise

* The scale is important

* Hazards and risks are interconnected in a non-obvious way — climatology and
meteorology over the region and its projected change are key elements in

designing and planning an NBS

* OALis a concept that integrates all aspects required by an holostic approach in a
systematic and reproducable manner

* NBS may be combined together to enhance their effectiveness

* Numerical modelling allows to verify that the NBS will be working in future climate
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