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The recent history of extreme heat events

Motivation
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Motivation

Processing the maximum air 

temperature from ERA5 data to 

an European domain with 

spatial resolution of 0.25°

between 1979 and 2019;

The total of Heat Wave events 

per year is computed from 

daily-averaged data as the 95th

percentile of the 2-m maximum 

air temperature probability 

density function at each grid 

point (Stefanon et al., 2012)
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Fig. Number of HW events per year from 1979 to 2019

The recent history of extreme heat events



Global warming: general trends



Temperature trends in the last 2000 years

AR6, SPM



Global warming: general trends



IPCC6 scenarios

Chapter 1, IPCC AR6, 2021



Global mean surface temperature

Chapter 1, IPCC AR6, 2021



Temperature projections at different level of global 
warming

IPCC AR6, 2021, SPM



Annual mean precipitation change (%) relative to 1850-
1900

IPCC AR6, 2021, SPM



Projected sea level rise



Have temperature extremes already increased?



Temperature extremes in the next decades



Climate change in Europe by 2100 (RCP8.5)

EURO-CORDEX



Precipitation extremes in Europe

Jacob et al., 2014

Projected seasonal 
Change of heavy 
precipitation
(%) based on 
RCP8.5 scenario
(2071-2100 vs
1971-2000)



Drought extremes in Europe

Jacob et al., 2014

Projected change in the length of dry spells based in RCP8.5 scenario

2021-2050 vs 1971-2000 2071-2100 vs 1971-2000



Heat waves 

Jacob et al., 2014

Projected changes in the 
Number of May-September
heat waves (2071-2100 vs
1971-2000)



High risk in the Adriatic sea in present climate

Satta et al. 2018 International Journal of Disaster Risk Reduction 

The coast of Emilia-Romagna is a 

high risk region in present climate.

Nowadays this is largely due to high 

exposure and vulnerability. 



Widespread change of coastal climate impact drivers 

Climate impact drivers 

(CDIs) are physical 

climate system 

conditions that affect 

one or more elements 

of society and 

ecosystems.

Costal CDIs are 

projected to increase 

with high confidence 

virtually in all coastal 

regions.



The Mediterranean as a climate change ‘Hotspot’

‘…The analysis presented here identifies the Mediterranean and 

Northeastern Europe regions as the most prominent climate 
response Hot-Spots.’

F. Giorgi 2006 GRL

The RCCI is a 

comparitive

index based on 

projected

temperature and 

precipation

change that identifies

the most responsive 

regions to climate

change



Renewed high confidence in projected increase in 
coastal hazards

IPCC WGI Interactive Atlas: Regional synthesis

Focus on the 

Mediterranean 

Risks of erosion and 

flooding will be 

amplified with 

climate change, 

particularly in river 

deltas, floodplains, 

sandy beaches and 

costal cities, by 

combined impacts 

of sea level rise and 

storm surges. 

IPCC AR6 –

Cross chapter report 

on the 

Mediterranean

https://www.ipcc.ch/report/sixth-assessment-report-working-group-i


What can we do?

What are we currently doing?
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OPERANDUM
Introduction

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

Basics

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”

Nature-based Solutions 
as 

an umbrella term 
for 

ecosystem-related approaches

Conceptual framework 

NATURE-BASED SOLUTIONS: A RESPONSE 
TO CLIMATE CHANGE
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OPERANDUM
Introduction

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

Basics

Eggermont et al. 2015 GAIA-Ecological Perspectives for Science and Society, 24(4), 243-248

NBS – APPROACHES
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The Open-Air Laboratories (OALs) are ‘living labs’ where Nature-Based Solutions 
are co-developed and demonstrated with local stakeholders.
The OALs constitute an innovative approach to adaptation to climate change.



The Open-Air Laboratory Italy

EU funded project
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OAL-ITALY
IN NUMBERS

6 international partners 

4 Nature-Based Solutions
implemented, modeled 

and tested

more than 40 among
scientists and 

stakeholders involved

3 operational sites in real 
life environment

10 monitoring, modelling 
and experimental initiatives



The operational sites
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The Panaro Site

Target Hazards: River Flooding

NBS: Plantation of deep-rooted plants on the riverbank

The Bellocchio/Volano Site

Target Hazards: Storm Surge and Costal Erosion

NBS: Artificial dune with natural material & 
seagrass

The Po di Goro Site

Target Hazards: Salt wedge intrusion, drought 

NBS: Plantation of halophytes plants 



Salt intrusion events - 2017

Planimetric view of the Po 
delta with highlighted 
sections of the river 
affected by the rising of 
the saline wedge, and the 
different degree of salinity 
for each stretch. 

Salt wedge intrusion in the Po di Goro site 

Frequent during droughts, salt wedge 
intrusion impacts ecological processes in 
the area with socio-economic 
implications



Halophytes plants for salt-wedge intrusion 
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www.urbanriverlab.com

Assessment of 
efficacy of 

halophytic plants to 
retain salt in 
laboratory

experiments.
Plants are selected

accordingly. 
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Mean and standard error of Na 
content (mgNa mgDW-1) in the 

different salinity levels in leaves in 
the pre-sampling (T0) and at the 

end of the study (T14) where 
mgDW is the dry weight of leaves. 

Mean and standard error of Na 
content (mgNa mgDW-1) in the 

different salinity levels in leaves, 
stems and roots at post-

sampling (T14) where mgDW is 
the dry weight of leaves.

Results of monitoring campaign in the lab



Halophytes plants for salt-wedge intrusion 
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www.urbanriverlab.com

Assessment of 
efficacy of 

halophytic plants to 
retain salt in 
laboratory

experiments.
Plants are selected

accordingly. 



Halophytes plants for salt-wedge intrusion 
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www.urbanriverlab.com

Preliminary evidence of mitigation of salt-
wedge intrusion achieved using a newly-

developed box model (Verri et al.) 

Assessment of 
efficacy of 

halophytic plants to 
retain salt in 
laboratory

experiments.
Plants are selected

accordingly. 

Now in the process of implementing the NBS 
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The dune in the Volano beach  

Length 50 m, Width 6 m, height 2.5 m slm

LAYOUT OF THE VOLANO NBS

The artificial dune of OPERANDUM is 
constructed using natural material, such 
as sand, wood, geotextiles and geo 
membranes (made of coir fiber).

BIO-SOIL REINFORCED with coir net  
TUBULAR MODULES STRUCTURE+ hinge system patented by RINA-C
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Modelled NBS efficacy in future climate
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Long-term simulation with Xbeach (model for sediment transport and 
morphological changes of the coast) for the period 2040-2049.

About 30% reduction of erosion in the area protected by the dune.

   

D5.2 | Multi-impacts assessment for OAL and NBS part B    120 / 234 

GA no.: 776848 

Future scenario 2040-2049 with NBS1 (artificial dune) 

Here we present the results of the long-term simulation with XBeach for the period 2040-2049 with 

the presence of the NBS1. Globally, the morphological behaviour of the beach is comparable with 

the run without the NBS. The main benefit offered by the artificial dune implementation is towards 

the west of NBS1 area where its presence results in a net eroded volume reduction of about 24% 

with respect to the run without NBS. As presented in Table 3.4.4 the erosion of the back-NBS1 area 

is equal to 1750 m3 with the NBS and 2316 m3 without the NBS. 

a) 

 

b)

 

c)  

Figure 3.4.41 Run of the future scenario 2040-2049 with NBS1: a) initial bathymetry (2040), b) ending 
bathymetry (2049) and c) deposition/erosion pattern with shoreline evolution (2040-2049). 
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c)  

Figure 3.4.31 Run of the present scenario 2010-2019 with NBS1: a) initial bathymetry (2010), b) ending 
bathymetry (2019) and c) deposition/erosion pattern with shoreline evolution (2010-2019).   

 
 

Figure 3.4.32 Forecasted erosion localized around the north dune head at the dune foot and intervention 
foreseen in the project as a solution consisting in a filter structure. The protections will be built 
in front of the dune (light blue) and at north and south sides (magenta). 

The inundation map for this case clearly highlights how the artificial dune is able to hinder marine 

entry thus reducing the risk of flooding of the beach behind where the natural vegetated dune is 

located (Figure 3.4.33). 
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The whole coastal stretch is affected by an evident decrease in beach elevation which causes the 

formation of an erosional slope (erosional escarpments) and a consequent distribution of the sandy 

sediment towards the sea. This local sediment loss tends to shift the shoreline seaward (Figure 

3.4.38). 

  

Figure 3.4.38 3D view of initial (left) and ending (right) bathymetry for the future scenario simulation for the 
period 2040-2049 without NBS. 

Within the study area 1, the erosive process is particularly intense (Figure 3.4.39) and also affects 

the residual vegetated dune which should be protected with the artificial dune (NBS1). As reported 

in Table 3.4.4, the run shows a loss of about 2316 m3 of sediment from the back-NBS1 area. A strong 

morphological variation is also visible for the front-NBS1 area where the eroded volumes for the 

period 2040-2049 reach up to 7.707 m3 (see Table 3.4.4). 

a) 

 

b)
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Innovation 

Length 50 m, Width 6 m, height 2.5 m slm

LAYOUT OF THE VOLANO NBS

The artificial dune of OPERANDUM is 
constructed using natural material, such 
as sand, wood, geotextiles and geo 
membranes (made of coir fiber).

NBS now implemented and monitored



GeoIKP-OPERANDUM PLATFORM
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https://www.youtube.com/watch?v=WRLnVSO3dMk


GeoIKP in Number
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http://geoikp.operandum-project.eu/
PUBLIC WEBLINK to GeoIKP

http://geoikp.operandum-project.eu/


Advanced user-customization  

EU funded project
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Goal: Develop a platform that is user-driven 
through a co-creation approach 

Consultations with OPERANDUM partners and stakeholders in order to:
1) Identify user categories
2) Assess needs per each user category 

• Which solutions can I use? 

• How do I get started? 

• Etc.

• Where can I find raw data?
• How effective are NBS? 
• Etc.

• How to analyse the area of an NBS project?
• How to find partners & opportunities?
• Etc. 

• Legislations
• Global Environm. frameworks
• Etc.

• How to increase public engagement? 

• Which legal frameworks are relevant ? 

• Etc.

• Where are NBS implemented ? 

• Can I download maps/statistics? 

• Etc.



useful links 
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OPERANDUM webinars
https://www.operandum-project.eu/video/

Visit the GeoIKP
Geospatial Information Knowledge Platform

https://geoikp.operandum-project.eu/

Open-Air Laboratories
enable a bottom-up approach to climate change

adaptation science based on co-creation
and 

provide science-based evidence
for replication and upscaling of NBS 



www.unibo.it


