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Grand Societal Challenges



Climate 
change

Energy
Increased demand 

80% by 2050

Food
Increased demand 
70% by 2050 (FAO)

Water
Increased demand 

55% by 2050

Food – Water – Energy Nexus
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Loss events worldwide 2014 (NatCatSERVICE – Munich RE)

Climate Change Impacts

• Water scarcity, droughts 
and extreme temperatures

• Storms, floods, ice and 
snow

• Sea level rise
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Trends in Hydro-Meterorological Loss Events
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Global Loss Events 1980-2014



Climate Change ➔ Higher sea level pressure ➔ multi-year droughts ➔ urbanization

Fertile crescent 
climate anomaly



Land Management and Critical Zone Science: Treetop to Bedrock

Soil Ecosystem Functions:
• Food and biomass production
• Biodiversity
• Carbon sequestration
• Water filtration and transformation
• Raw material
• Landscape and heritage

Soil ecosystem functions are derived from the 
dynamic actions of plant, animal and 
microorganism communities and the non-
living environment interacting as a unit.

Humans have not integrated themselves in 
the soil ecosystem, but depended on its 
services for sustenance.

Critical Zone Science and Nature-Based Solutions



Nature Based Solutions
Living solutions inspired and supported 
by nature that simultaneously provide 
environmental, social and economic 
benefits and help to build resilience 

Solutions that bring more nature and 
natural features and processes into 
cities, landscapes and seascapes, 
through locally adapted, resource-
efficient and systemic interventions 

Solutions inspired by NATURE – The Grand Engineer
Green Infrastructure Benefits
(Sustainable Cities Collective –

Pinterest image collection)

Benefits and co-benefits



Timeline for the evolution of NbS
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The ThinkNature Platform

https://platform.think-nature.eu

https://platform.think-nature.eu/


Follows us – Join 

us
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News – Events – Social Media and Networking Hub
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Follows us – Join 

us

Case Study Hub – Knowledge Repository - Dialogue
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The ThinkNature Handbook – Capacity Building



TYPE 1 - no or minimal intervention in ecosystems -
better use of natural/ protected ecosystems

•Protection and Conservation Strategies
•Urban Planning Strategies
•Monitoring
•Coastal areas

TYPE 2 - NBS for sustainability and multi-
functionality of managed ecosystems 

•Urban Green Spaces Management
•Waste Management 

TYPE 3 - Design and management of new 
ecosystems 

•Ground
•Parks and gardens
•Urban network structures
•Structures for food and resources 
production
•Ecological restoration
•Choices of plants
•Systems for erosion control
•Works on soil

•Building and Structures
•Green roofs
•Green Walls
•Vegetated Pergola
•Materials

Based on the degree of intervention/level and type of engineering

NBS Classification – 100 NBS

TYPE 3 - Design and management of new 
ecosystems

•Water
•Natural and semi-natural water 
bodies and hydrographic networks
•Constructed wetlands and built 
structures for water management
•Urban Blue infrastructure
•Coastal areas
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CO2 sequestration

• Land Management
• Forest Management
• Urban Nature

Energy demand 
reduction

• Cooling of cities
• Reducing energy 

demand

Flood mitigation and 
risk management

• Detention and 
infiltration systems

• Hydrographic 
networks

• Urban blue-green 
infrastructure

• Permeable surfaces

Mitigation Adaptation

Climate Change Impacts
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Coupling green roof & urban farming

NBS practices in urban areas

Farming fields in New York City

Therapeutic gardens

Herb garden in Southmead Hospital, UK

Vertical mobile gardens

CityTree Green barriersGreen covering shelters
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Rebuilding nature in the landscape

Agroforestry in Montpellier                                     Constructed wetland, Gorla Maggiore, Italy

Green corridors

Rural land management: Agroforestry Constructed wetlands
Lisbon Green Corridor 
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Opening up of Cheonggyecheon River in Seoul (Korea)

Seoul, Korea: Opening up of Cheonggyecheon River

Urban Regeneration and Climate Change Adaptation



Copenhagen Cloudburst Management Plan 

Photo Credit: Ramboll and Ramboll Studio Dreiseitl

Location

Copenhagen,

Denmark 

Region 

Northern Temperate

Ecosystem

Urban

Goals

• Enhancing 

sustainable 

urbanisation

• Developing climate 

change adaptation; 

improving risk 

management and 

resilience

Action

Nature-based 

solutions and the 

insurance value of 

ecosystems
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Copenhagen Cloudburst Management Plan 

Photos Credit: Ramboll and Ramboll Studio Dreiseitl
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Yanweizhou Wetland Park 

Keywords

Human well-being, 
Biodiversity, 

Landscape, 

Green infrastructure, 

Green space 
management (including 
enhancing/ conserving 
urban biodiversity,

Resilience

Timeframe

Design: 08/2010-

10/2013 Construction: 

2014-2015

Awards

2015WAF Landscape of 

the Year

Client

Jinhua Municipal 

Government

Design Team

Turenscape- Kongjian

Yu 

Credit: Turenscape architects

100 year flood
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Multi-functional nature-based watershed management and ecosystem Restoration
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• Technical, 
• Policy or legislative, 
• Market, and 
• Communication barriers. 

Inadequate technical knowledge regarding the design and implementation 
of NBS has been identified as an obstacle for effective implementation . 

The knowledge gaps refer to the design, implementation and maintenance 
of NBS, the quantification of the benefits and co-benefits, and the 
monitoring and assessment of the effectiveness of NBS. 

NBS implementation barriers

Vertical Forest realized in the centre of Milan  
Architect Stefano Boeri
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Focus on:

- NBS co-design (participatory 
methods)
- Observatory science needed

Through an example The new rooftop farm in Paris will be the largest of 
its kind in the world. Photograph: Valode & Pistre
Architectes Atlav AJN



Ecosystem Restoration NBS 
Case Study

Koiliaris CZO – Riparian Forest 
Restoration and Flood 

Protection

Sustainability 2020, 12, 3305; doi:10.3390/su12083305
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Decision-making methodology scheme for NBS implementation

Objective:

Develop a vision-based
decision-making approach to 
designing and implementing 
NBS that would act as a 
driver to overcome potential 
barriers and enhance the 
social acceptability of the 
project.
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Phase 1 – Developing the Vision



• Semi-arid climate
• Thin soils
• 300 Km from Sahara

Koiliaris Critical Zone Observatory

• Hydrometeorological data
• Geochemical data
• Soil surveys (Biological and geochemical)
• Soil Formation and Degradation studies
• Experimental plots (soil fertility studies)
• Sustainable water and soil management



Greek Speleological Society: Chania
1110 m below surface (1600 -490 m)
Liontari sinkhole
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Upper reservoir lower reservoir

Black dolomites
Bedded limestones with
white cherts

(Moraetis et al., 2010, Nikolaidis et al., 2013, 
Lilli et al., 2020) 

The White Mountains karstic system
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Temporary Rivers and Flush Floods



Modeling Framework

SWAT

Karst-SWAT

Nikolaidis et al., 2013.  Journal of Hydrology, v. 477



Karst-SWAT Simulation

Nikolaidis et al., 2013.  Journal of Hydrology, v. 477; Nerantzaki et al., 2015. Scie Tot Env, v. 538



Climate Change Rainfall and Flow Uncertainty, mm/yr

Nerantzaki et al., 2020. Science of the Total Environment, v. 717



Rainfall and Flow Uncertainty, mm/yr

Rainfall Total Flow Karstic Flow

1974-2018 1120.6 ± 78.4 841.8 ± 89.1 591.3 ± 49.9

2019-2058

RCP2.6 1426.9 ± 99.2 1111.9 ± 104.0 671.1 ± 57.3

RCP4.5 1008.8 ± 84.3 701.5 ± 87.0 468.9 ± 49.2

RCP8.5 1107.3 ± 71.9 797.2 ± 75.8 514.5 ± 44.5

2059-2098

RCP2.6 1507.9 ± 135.9 1202.4 ± 153.5 716.3 ± 81.8

RCP4.5 999.8 ± 72.9 682.9 ± 73.6 458.4 ± 44.8

RCP8.5 829.8 ± 69.3 503.2 ± 61.2 348.7 ± 37.81

Nerantzaki et al., 2020. Science of the Total Environment, v. 717



NRMS
E%

PBIAS
%

NSE r2 br2

12.8 -0.2 0.42 0.43 0.49

Crete SWAT Model – Goodness of fit

NRMS
E%

PBIAS
%

NSE r2 br2

11.1 2.4 0.63 0.63 0.47

NRMS
E%

PBIAS
%

NSE r2 br2

5.7 17.2 0.83 0.84 0.82

NRMS
E%

PBIAS
%

NSE r2 br2

6.9 16.5 0.78 0.8 0.73

NRMS
E%

PBIAS
%

NSE r2 br2

20.6 26.7 0.17 0.55 0.67

NRMS
E%

PBIAS
%

NSE r2 br2

9.9 -0.8 0.44 0.43 0.45

NRMS
E%

PBIAS
%

NSE r2 br2

26.1 1.2 -0.08 0.5 0.5

NRMS
E%

PBIAS
%

NSE r2 br2

16.5 3.3 0.68 0.69 0.62

Nerantzaki et al., 2019. 
Hydrological Sciences 
Journal, v. 64

Scaling up

Malago et al., 2016.  
Journal of Hydrology, 
v. 540



The Riparian Forest



Erosion has been identified as a major problem for the riparian forest.



Nature-Based Solution

Orange tree vs Platanus Roots
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The vision of the project was to develop bank erosion protection and flood 
protection using NBS and restore the extent of the riparian forest to 20 m on 
both sides of the river, creating a 5-km riparian forest corridor that will 
become the trade mark for the agricultural development of the area.

Drivers of change

1. 2017 extreme floods in Mandra and 
2. 2018 fires in Mati Attica

With 20 and more than 100 people dead.
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Phase 2 – Baseline assements



A flood protection study involves the following series of sub studies

• Delineation of the flood plain of the river for the 50-year flood - it involves 

the following actions:

• detailed surveying of the river and the surrounding area

• Hydrologic study for the identification of the 50-year flood

• Hydraulic study of the resulting floodplain

• Analysis of the susceptibility to flood erosion

• Design measures for flood protection - evaluation of alternatives

• Measures for the restoration of riparian forest- evaluation of alternatives

• Proposed restoration actions and environmental impact assessment

Flood Protection Studies
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Karst-SWAT (Hydrology), HEC-RAC 
(Hydraulics), BSTEM (Bank Erosion)

Modeling 1961-2018 Average Flow

(Mm3/yr)

Keramianos tributary 10.1

Stylos Spring 58.5

Anavreti Spring and

runoff

69.9

Total Flow 138.5
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Hydraulic, bank erosion and forest studies

Q50 = 55.5 m3/s

46 plant types

12 allochthones
34 autochthones

Riparian forest studies

River bank measurements



Part 1 - Arundo donax and
Phragmites australis.

Part 2 - Arundo donax flowed by 
Sicamore and white willows



Part 3 – Riparian forest of 
Sicamore and White 
Willow

Part 4 Riparian vegetation with white 
willows (Salix alba) and sycamore trees
(Platanus orientalis) interrupted by 
agricultural fields



47

Phase 3 – NBS co-design
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The flood zone after the NBS implementation
Stakeholders
Municipality of Apokoronas
Municipality of Apokoronas Council (4 major parties)
The Departments of the Decentralized Administration: 

Environment and Spatial Planning
Water Division and 
Forestry 

Ephorate of Antiquities of Chania (Ministry of Culture and Sports),
Environmental and Water Resources Unit –Chania Regional Unit  
Regional Council

Local Farmer’s Association
Development Organization of Crete
Various related NGOs

Ministry of Environment
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Flood protection design
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Design of the restoration of the eroded banks with vegetated walls and rip-raps
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Public Consultation – NBS Co-design

https://i2.wp.com/hania.news/wp-content/uploads/2019/09/KALOGERHS-KOYKIANAKHSS.jpg


12-17/2/2019 24-27/2/2019
Ασή Γωνιά 408 569
Ασκύφου 458 604.2
Αγιοι Πάντες 172.2 229.4
Ψυχρό Πηγάδι 346.6 433

The Event that catalyzed consensus - February 2019 Floods



February 2019 Floods



February 2019 Floods
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Phase 4 – Implementation
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1. Obtain approvals from various Departments of the Decentralized 
Administration of Crete - The Department of Environment and Spatial 
Planning will forward the request and the recommendation to the Regional 
Council for final approval. Upon approval, the procurement details with the 
estimated cost will be prepared for the tender.

2. Securing funding (around EUR 3 to 3.5 million) - The project can be 
included in the funding of the structural funds, or obtain national funding

3. Continuous assessment and evaluation of the NBS – Use Key Performance 
Indicators (KPIs)
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NBS challenge Indicators Current Impact Expected Impact

Climate mitigation and 
adaptation

Carbon storage and sequestration in 
vegetation and soil

Low density agricultural 
vegetation, limited riparian 
forest and 1-2% org soil carbon

40 m length high density 
riparian forest, soil carbon to 
increase to 3-4% at maturity.

Water management
Reduction of flood risk None

50-year flood or maximum 
hourly flow of 127 m3/s

Areas (ha) exposed to flooding 56 31

Participatory planning 
and governance

Number of meetings held with citizens to 
explain the progress of the project

2 meeting during the design 
phase and 1 with municipality

To be determined

Numbers of persons involved in the 
activities carried out under the project

50 people per meeting To be determined

Number of public officials who have 
been involved in the execution of 
activities in the execution of the project

Mayor, Municipality Council, 
Deputy Governor of Chania, 
Regional officials

Mayor, Municipality Council, 
Deputy Governor of Chania, 
Regional officials

Public health & well-
being

Increase in walking and cycling in and 
around areas of interventions

Minimum High

Potential of economic 
opportunities and 
green jobs

New businesses attracted Minimum High

Key performance indicators per NBS challenge to be solved for Koiliaris CZO



• Protection of the river in a sustainable way
• Improvement of river and riparian biodiversity
• High ecological value recreational area
• Improvement of quality of life and social cohesion
• Collaboration of tourism and agricultural sectors with the 

potential of new job creation
• Creation of riparian forest by reclaiming agricultural land – it 

is the reference point for agricultural development of unique 
and high quality agricultural products – marketing tool

Benefits and Co-Benefits
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A significant social barrier was the acceptance of local stakeholders and farmers 
to reclaim agricultural area and restore the riparian forest. We have been able to 
effectively overcome these barriers because of our relation with the local 
stakeholders over the past 15 years and our ability to fuse the vision of the 
riparian forest restoration to all levels of stakeholders. 

This vision “drove” the project and created the necessary consensus to achieve 
its objectives which was to convert privately owned, prime agricultural land to 
riparian forest.

The development of a global vision for agricultural development of the area and 
its linking with the river and riparian forest restoration act as a driver to 
overcome the barriers and enhance the social acceptability of the project.

Final Thoughts…..



Gracie Mille

www.koiliaris-czo.tuc.gr platform.think-nature.eu

https://platform.think-nature.eu/

