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Towards Integrated Water and Land 

Management - The Water-Ecosystem-Food Nexus 

and Nature-Based Solutions

Technical 

University 

of Crete

2
2

Climate Change and Crete

500 Km from Sahara

1500 Km 

the Fertile 

Crescent

1

2
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3

Water Security

Energy Security

Food Security

Climate Change

Ecosystem Sustainability

WEFE Nexus and Climate Change

4
4

LTER-Greece Network - Koiliaris CZO

• 21 years of hydrologic and geochemical data

• >50 papers in international journals

• Participation in Networks (LTER-Europe, LTER-

Greece, ILTER, CZEN)

https://lter-Greece.tuc.gr

3

4



2/15/2026

3

• 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

5
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7
7

Koiliaris CZO

7

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

8
8

Koiliaris CZO

8

Temporary 

Rivers and 

Flush 

Floods

7

8
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Developing and Upscaling Hydrologic Models

9

Hydrology Simulation Koiliaris Flow (1964-2018)

Goodness of fit 
Verification Period 

(7/1/2004 - 7/31/2010)

Calibration Period 

(9/2010 - 7/2018)

CriteriaMonthlyDailyMonthlyDaily

>0.50.80.580.70.60NSE

25.0-6.0-6.2216.45.13PBIAS

<0.70.480.650.520.63RSR

Nikolaidis et al., 2013.  

Karst-SWAT

1010

10

Hydrologic and Geochemical Models

Hydrologic and Water Quality Model Results for Koiliaris River Basin

9

10
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1111

11

Hydrologic modeling of Crete - Scaling – up 

br2r2NSEPBIAS

%

NRMS

E%

0.490.430.42-0.212.8

br2r2NSEPBIAS

%

NRMS

E%

0.470.630.632.411.1

br2r2NSEPBIAS

%

NRMS

E%

0.820.840.8317.25.7

br2r2NSEPBIAS

%

NRMS

E%

0.730.80.7816.56.9

br2r2NSEPBIAS

%

NRMS

E%

0.670.550.1726.720.6

br2r2NSEPBIAS

%

NRMS

E%

0.450.430.44-0.89.9

br2r2NSEPBIAS

%

NRMS

E%

0.50.5-0.081.226.1

br2r2NSEPBIAS

%

NRMS

E%

0.620.690.683.316.5

Malago et 

al., 2016.  

Journal of 

Hydrology, 

v. 540

12
12

Available Water and Impacts of Climate Change

SpringsRivers Available 

water

109

m3/yr

0.871.061.93Average

0.510.270.78Dry Year

1.332.13.43Wet Year

Υδρολογικό Ισοζύγιο Κρήτης

11

12
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13

Available Water and Impacts of Climate Change

Extreme Scenario rcp85_MPI-ESM-LR_REMO

Favorable scenario rcp26_MPI-ESM-LR_REMO

Intermediate Scenario rcp45_ MPI-ESM-LR_REMO 

Present day

WEI = (total annual freshwater abstraction for all uses)/ (long term annual average of freshwater resources)

• 0.2 = non-stressed

• 0.4-0.6 = Severe water stress

14
14

Impacts from the Sun and the Moon

T = ~24h

T = ~12h T = ~8h

Earth tide analysis - T-Tide model

Poroelasticity of the Karst

• 2 Reservoir 

system

• First flush from 

the karst

13

14
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15

Land Degradation

Modeling soil ecosystem services:  Food production, nutrient 

sequestration, water filtration and transformation & biodiversity

Soil Organic Content

16

Hydrologic and Geochemical Models

16

16

Nikolaidis et al., 2013.  

Karst-SWAT

Plant growth

Geochemistry and 

Cycles C, N, P, K

Soil structure

The Integrated 

Critical Zone Model

15

16
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17

Soil regeneration: Agro ecological practices simulation & assessment

17

NBS bundles for soil regeneration

 Follow agro ecological practices

 Use soil organic matter, organic fertilization and conservation

measures for soil improvement

 Incorporate manure, compost, biosolids, or crop residues to

enhance carbon storage

Soil Organic Content

18

Modeling Ecosystem Functions of  Avocado

18

Biomass Production

SOC Fractionation

Water Stable Aggregates

Limitations to Growth

17

18
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19

Modeling of leaching chemistry to groundwater

Modeling soil ecosystem services:  Food production, nutrient 

sequestration, water filtration and transformation & biodiversity

20

Ecosystem services derived from agroecological practices 

Soil dynamics and structure parameters 

(related to soil fertility and soil health)

71.9WSA_AC3 (%)

24.7WSA_AC2 (%)

3.4WSA_AC1 (%)

75.9Sand (%)

24.1Silt-clay (%)

Nutrient sequestration

65.0cPOM (tC/ha)

6.2Below ground N (tN/ha)

2.1cPOM (tN/ha)

13.0C/N (below ground)

8.3CO2 emissions (tC/ha)

Biomass production

14.7Above ground C (tC/ha)

80.7Below ground C (tC/ha)

Leaching of chemicals to groundwater

1.3TOC, (g/m2)

14.6TN, (g/m2)

2.2PO4−P, (g/m2)

7.1K, (g/m2)

19

20
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21

Focus on Farmers - Optimize Irrigation with NBS

1.  Rules of irrigation

• Replenish soil moisture of the 

roots only

• Don’t let water go below the root 

zone

• Acknowledge that the roots are 

very efficient to transfer moisture 

to the planyt

Infiltration experiment

Rate of infiltrationVolume of soil (for avocado a 

cylinder with radius of  1.5-1.7 m 

and depth 0.5 m)

2.  What do we need

• Soil moisture meter

• Infiltration experiment

3.  What do we get

• The rate of irrigation

• The duration of irrigation

30 cm

Pilot #2

Greece

22

Optimize Irrigation with NBS

Irrigation 

2020  8550 L/tree

2021  8660 L/tree

2022.. 5100 L/tree

Drip irrigation

• Pipe around the tree – 1 m from 

the trunk

• 24 locations of drip

• 2 L/hr per drip

• 50 L/hr total irrigation

Fc = Infiltration rate= 12.5 cm/hr

Kf = Hydraulic conductivity = 12.7 cm/hr

21

22
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2323

Optimize Irrigation with NBS

24

Optimize Irrigation

Άρδευση ανά δέντρο

2020  10.55 m3  Duration 7-9 hrs

2021  8.66 m3  Duration 7-9 hrs

2022  5.5 m3  Duration 3 hrs

2023  5.5 m3  Duration 3 hrs

Για 24 δέντρα/στρέμμα

132 m3/ στρέμμα

Περιφέρεια Κρήτης

441 m3/στρέμμα

17.5 m3/δέντρο

Υπουργείο Γεωργικής Ανάπτυξης

608-727 m3/στρέμμα

23

24
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25

Stakeholder Engagement

26

2.  Causal Loop Diagram

Nexus challenges

Agricultural development

Soil degradation

Groundwater quality

Irrigation water budget

25

26
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Sustainability 2020, 12, 3305; doi:10.3390/su12083305

Ecosystem Restoration NBS 
Case Study

Koiliaris CZO – Riparian Forest 
Restoration and Flood 

Protection

2

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.

Decision-making methodology scheme for NBS implementation

1

2
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Phase 1 – Developing the Vision

The Riparian Forest

3

4
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Erosion has been identified as a major problem for the riparian forest.

Nature-Based Solution

Orange tree vs Sycamore Tree Roots

5

6
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7

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.

Phase 1 – Developing the vision

8

Phase 2 – Baseline assements

7

8
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9

Karst-SWAT (Hydrology), HEC-RAC 

(Hydraulics), BSTEM (Bank Erosion)

Average Flow

(Mm3/yr)

Modeling 1961-2018

10.1Keramianos tributary

58.5Stylos Spring

69.9Anavreti Spring and

runoff

138.5Total Flow

10

River bank erosion and riparian forest studies 

Q50 = 55.5 m3/s

46 plant types

12 allochthones

34 autochthones

Riparian forest studies

River bank measurements

9

10
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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

11

12
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13

Phase 3 – NBS co-design

14

Phase 3 – Co-design of NBS
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

13

14
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15

Design of flood protection and restoration riparian forest

16

Design of the restoration of the eroded banks with vegetated walls and rip-raps

15

16
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17

Design of the restoration of the eroded banks with vegetated walls and rip-raps

18

Public Consultation

17

18
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24-27/2/201912-17/2/2019

569408Ασή Γωνιά

604.2458Ασκύφου

229.4172.2Αγιοι Πάντες

433346.6Ψυχρό Πηγάδι

February 2019 Floods

February 2019 Floods

19

20
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February 2019 Floods

22

Phase 4 – Implementation

21

22
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23

Phase 4 - Implementation

PBIRRB/CNPV (€)

540.49%7.6711,364,940

Benefit-Cost Analysis

1. Have obtain approval of the Environmental Impact Study from the Ministry 

of Environment and waiting for the publication of the delineation of the 

flood area in the government gazette. from various Departments of the 

Decentralized Administration of Crete - The procurement details with the 

estimated cost have been prepared for the tender.

2. Securing funding (around EUR 5.5 million) - The project can be included in the 

funding of the structural funds, or obtain national funding

24

Expected ImpactCurrent ImpactIndicatorsNBS challenge

40 m length high density 

riparian forest, soil carbon to 

increase to 3-4% at maturity.

Low density agricultural 

vegetation, limited riparian 

forest and 1-2% org soil carbon

Carbon storage and sequestration in 

vegetation and soil

Climate mitigation and 

adaptation

50-year flood or maximum 

hourly flow of 127 m3/s
NoneReduction of flood risk

Water management

3156Areas (ha) exposed to flooding

To be determined
2 meeting during the design 

phase and 1 with municipality

Number of meetings held with citizens to 

explain the progress of the project

Participatory planning 

and governance

To be determined50 people per meeting
Numbers of persons involved in the 

activities carried out under the project

Mayor, Municipality Council, 

Deputy Governor of Chania, 

Regional officials

Mayor, Municipality Council, 

Deputy Governor of Chania, 

Regional officials

Number of public officials who have 

been involved in the execution of 

activities in the execution of the project

HighMinimum
Increase in walking and cycling in and 

around areas of interventions

Public health & well-

being

HighMinimumNew businesses attracted

Potential of economic 

opportunities and 

green jobs

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

23

24
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Benefits and co-benefits

• 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

Gracie Mille

www.koiliaris-czo.tuc.gr

25

26
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Grant agreement No. 2422

Living Lab Koiliaris CZO

NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Stakeholders

• Stakeholder mapping & engagement: 

• 8 farms and farmers – key stakeholders

• Additional farmers and regional stakeholders

Living Lab Koiliaris CZO

8 Farms and 
farmers @ 

Koiliaris

Additional 
farmers 

@Koiliaris

Regional 
dissemination

A Phase

• 8 Farmer training

• Document efficacy of solutions

B Phase

• Open call to join the network

• Training and dissemination

C Phase

• Full scale regional 
dissemination

1

2
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NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Smart Irrigation

NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Εδαφική Υγρασία 

Field capacity -

Permanent Wilting point –

Αμμώδης 

πηλός

Αργιλώδης 

πηλός Πηλός

3

4
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NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Soil Moisture

NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Porosity

Field Capacity

Άρδευση

Wilting Point

Soil Moisture

5

6
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NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Volume of cylinder 

(π*32/4)*0.5 = 3.5 m3

(π*42/4)*0.5 = 6.3 m3

Πορώδες 30-40%

Pore volume = 

1.1 – 1.4 m3

1.9 – 2.5 m3

3-4 m diameter

0.5 m

Root zone

Soil Moisture

NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Infiltration experiments
Living Lab Koiliaris CZO

Infiltration Experiments 

and Field Variability

7

8
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NexusLabs Koiliaris Living Lab Meeting – Feb 2026
9

Optimize Irrigation

NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Living Lab Koiliaris CZO

NioChorio

Gateway (LoRaWAN) 

Network

Stylos Armenoi

“water the tree 

and not the field”

Soil Moisture

9

10
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NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Organic carbon, water stable aggregates, 
and soil fertility

NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Soil Structure and Water Stable Aggregates
Living Lab Koiliaris CZO

Water Stable Aggregate Fractionation

Silt-Clay Content

11

12
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NexusLabs Koiliaris Living Lab Meeting – Feb 2026

The “Golden Aggregate”

NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Conceptual model of aggregate formation

Conceptual model of aggregate formation

13

14
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Stamati et al., 2011

Water Stable Aggregate Formation

Set 

Aside

Cropland

65.646WSA (>250 μm)

0.710.53MW D, mm

12.9%20.2%% sand

Water Stable Aggregate Formation

15

16
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NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Tiling and 

planting
End of season

Very fast –

weeks to 

months

How fast is aggregation happening?

NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Activities

• Key progress and activities: 

• Analysis of soil samples (12 fields)

• Soil infiltration (3X/field)

• Porosity, bulk density, Soil Organic carbon and 
nitrogen

• Water stable aggregate fractionation

• Cations and heavy metals

• Water retention capacity using pedotransfer
functions

17

18
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NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Soil chemistry

NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Soil 
chemistry

19

20
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NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Soil chemistry

NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Soil Fertility

Organic matter increase soil TN and TOC Microorganisms are being activated and create 

water stable aggregates and soil structure

Soil bulk density decreases  the soil 

becomes lighter

Porosity increases  water retention is 

increasing  soil structure is improving Soil fertility is increasing

Agro-ecological 

practices improve the 

Water-Fertility-

Biodiversity of the soil

21

22
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NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Using USA 

Pedo-transfer 

Functions

If we exclude fields 6 

and 12 with the 

lowest PAWC 

“perfect” straight line

1% increase in SOC  0.016 cm3/g of soil 

moisture  increase in soil moisture by 35 m3/ha

1% increase in SOC  0.02 cm3/g of soil moisture 

 increase in soil moisture by 44 m3/ha

Soil carbon and available water content

NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Cost benefit analysis

23

24
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NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Max tomato yield, tn/dunum% Soil Carbon

8.1-11.10.8Jordanian Pilot

141.5Biochar Pilot

19.62.5SoilTrec Pilot

Soil carbon and tomato production

NexusLabs Koiliaris Living Lab Meeting – Feb 2026

Next steps

• Installation of gateways (data transmission network)

• Installation of flow meters and soil moisture meters

• Drip irrigation pipes around the trees

• Demonstrate/train on use of instrumentation – how to irrigate 

• Data collection for Farm Audit ( EROI and Cost-Benefit analysis)

• Start data collection of 2026 irrigation season

25

26
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NexusLabs Koiliaris Living Lab Meeting – Feb 2026
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