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Lewses WEFE Nexus and Climate Change

Climate Change

Ecosystem Sustainability

' art of| : ported by the E Union.
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sl LTER-Greece Network - Koiliaris CZO

-
WELTER

“““““““““““““““““““ Q e https://Iter-Greece.tuc.gr
S S o B (S
9

e ] « 21 years of hydrologic and geochemical data
* >50 papers in international journals

m : = * Participation in Networks (LTER-Europe, LTER-
 — a Greece, ILTER, CZEN)

rogramme supported by the European Union.
Section 1 Nexus IA]
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Koiliaris Critical Zone Observatory

Hydrometeorological data
Geochemical data
So!l surveys.(BloIoglcaI and g.eochem{cal) . 2 : i-rid climate
e Sg|LEOLmatsen.a‘r_1d Degrad_atlon st . 25 « Thin soils
_Experimental plots (soil fértility-stle i : S0 300 Km from Sahara
Sustainable water‘and soilamanagér%_'ent, -

-
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z
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. .= P
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Greek Speleological Society: Chania
1110 m below surface (1600 -490 m)
Liontari sinkhole
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Koiliaris CZO

Upper
reservoir

B root 8 mrwersr mond X Black

@ hydrometic stations
® Stios Springs.

@ = dolomites

eologic Formations
T s

Aluvil Deposits

rogramme supported by the European Union.
2020 Section1 NexusIA]

3 The White

B system

i ki =P = (Moraetis et al., 2010, Nikolaidis et al., 2013, Lilli et al., 2020)

Mountains
karstic

7

Koiliaris CZO

Temporary
Rivers and
Flush
Floods

PRIMA programme supported by the European Union.

) Section 1 Nexus IA]
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Lewses Developing and Upscaling Hydrologic Models

project

precion — " Hydrology Simulation Koiliaris Flow (1964-2018)
‘ f=———- | 50

Soil Profile

Shallow aquifer

Deep aquifer [

10

(1-a;): DA_RCHRG

o (VAN
1964
—Simulated Flow (cms) ——Observed Flow (cms)
Karst-SWAT Calibration Period Verification Period §
(9/2010 - 7/2018) | (7/1/2004 - 7/31/2010) | ©°0dness of fit
Nikolaidis et al., 2013. Daily | Monthly | Daily | Monthly Criteria
NSE 0.60 0.7 0.58 0.8 >0.5
PBIAS | 5.13 16.4 -6.22 6.0 25.0
0.63 0.52 0.48 <0.7
- R i
9
st Hydrologic and Geochemical Models
project

Hydrologic and Water Quality Model Results for Koiliaris River Basin

a)

3

Nitrate-N,mg/L

° -
9/3/2000 10/6/2001 11110/ M0212/15/200% 1/ 18/2005 2/22/2006 3/29/2007 $/2[2008 VDI W ! B L i ;-
/282003 11/9/2004 3/28/2006 8/6/2007 12/18/2008 5/2/2010 9/14/2011 1/26/2013 6/10/2014 10/23/2015 3/6/2017 7/19/2018 12/1/2019
N Date
+ Field
b) @
—Model E —Model
g= 10+
28 - Field
'§ .E e -
8 anpon2 8/14/2013 1272772014 5/ 9/22/2007 2412018
g
S o

Date

/1/2008 12/14/20054/28/2007 9/3/2008 1/22/2010 6/6/2011 10/18/2012 3/2/2084 I/15/201511/26/20164/10/ 2018 823/ 019

PRIMA programme supported by the European Union.
2020 Section 1 NexusIA]
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i Hydrologic modeling of Crete - Scaling — up
project STR32 . P39
2® . |
“Witutrentu
. APV
0
. ot e il Jni3 6218 121219 651999 1125200  Dec2009
NRMS PBIAS
E% % NRMS PBIAS
E% %
16.5 33 0.68 0.69 0.62
04 - 26.1 12 -0.08 0.5 0.5
SP32
2 [ ' 4 =
@02
: 2, s
0 3 [}
Jan 1983 612211988 12121998 51999
0
Lni3 6218 12121999 61089 1UZ20  Dec2y
NRMS | PBIAS X
e . BEETE
AN %
128 0.2 0.42 0.43 0.49 ‘F 99 08 0.44 0.43 045
STR19 )
15 2208
210 E
“ 0
E L . ﬂﬂi“g gages Jan 1983 62211988 12121998 651999 112502004 Dec 2009
0 -
Jan 1983 Feb 1990 Mar 1997 Ax2004  Oct2009 I:l’““""'”““es NRMS | PBIAS
Malago et o | %
NRMS PBIAS
al,2016.
111 24 063 063 047 STR7
Journal of . STRID .
0
ot il N J\ Utk
v. 540 LA hudald alll\ A J\I\AA Lk ha
Jan 1963 Feb 1990 M 1997 A0 OaZ09 Jan 1983 Feb 1990 Mar 1997 A0 02008

NRMS PBIAS
% % .
gan Union.
69 65 078 08 073 11

11

I v I

mases Available Water and Impacts of Climate Change
project
;e —"cc;-—-—=-=—_— — — _— _——
]
Air Temperature Projection for 11
L e | . Climate Change Scenarios for Crete
ezt | 5]
— £ 20
A =
3
e £ 18
e e 5 £.00E409 River Flow Projection for 11 Climate
= £ 18 o Change Scenarios for Crete
B - Fooee09
— g %oapog MWWWW
1970 2020 2070 2120 » ’
ugon Tyn e
Y&poloyko loofuyro Kprtng - Eooe-00
" Precipitation Projection for 11 Climate 2 1870 2020 2070 2120
SE+ A
& Change Scenarios for Crete Bl
10° Available  1Es10
m3/yr water § W,
Average 1.93 1.06 087 'S 56409 v A s
E
Dry Year 0.78 0.27 0.51 Z o
>
1970 2020 2070 2120
Wet Year 3.43 2.1 1.33 N a—

: PRIMA programme supported by the European Union.
] [Call 2020 Section 1 NexuslA]
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Available Water and Impacts of Climate Change

WEI 2070-2098

£1000-020
-040 wi021-040
m040-080 Lr Dot [ s W e 11
-000-100 y e -061-100 e T w o
v e w
1 aanypen Kpmg

L axroypayut Kedmg

* 0.2 = non-stressed

Present day
* 0.4-0.6 = Severe water stres

° mnyec

Tauia
WEl 2079-2008

= axroypaypd Kpfiing

S aoypauun Kenmg

Intermediate Scenario rcp45  MPI-ESM-LR_REMO

sFavorable scenario rcp26_ MPI-ESM-LR_REMO

Extreme Scenario rcp85 MPI-ESM-LR_REMO

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

supported by the European Union.
11 NexusIA]
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Impacts from the Sun and the Moon

T T

_Earth tide analysis - T-Tide model

ass double-peaked
daily cycle

W

I \
MM A
v V v

Lunar Frequencies
(cycles per day)
K1-0.9973 cpd
01-1.0758 cpd
001 -0.9294 cpd
oas- Sun Frequencies
K1-0.9973 cpd
P1-1.0027 cpd

i
iRl

- T = 5 - seesseasalis
ﬁ
DL LTI T
v

r—— |

A il ) 1

MM LAl

' Y POV M AN A 1

y v | ' NI A /)

iV L’,__/M\rm
Il

R
X N

Vit v (1

2 Reservoir
system

e First flush from
the karst e

0 01 %

Flow ()

A S I [

N-NO3(mgriL)
“
°

Water siage (m)

@ Water stage

rogramme supported by the European Union.
1 NexusIA]

Ocean Tides and Currents

Lunar Frequencies
(cycles per day)

K2 — 0.4986 cpd
M2 - 0.5175 cpd

Sun Frequencies

K2 —0.4986 cpd
$2 —0.5000 cpd

Poroelasticity of the Karst

Flow in relation o time (summer 2007)

Upper segites Trigois aod Trypak
Lower squter Puttenkalk

126707 19:607
Date

260607
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Land Degradation

Soil Organic Carbon Distribution

of Crete

i part of the PRIMA programme supported by the European Union.
| [LENSES] [Call 2020 Section1 NexusIA]

the
LENSES

Precipitation

Soil Profile

Shallow aquifer

Deep aquifer

| Lower Reservoir
T T T il

Karst-SWAT

Nikolaidis et al., 2013.

Hydrologic and Geochemical Models

SPRING

Soil-water RRas
transformations

Rain/
Irrigation
water

Soil minerals’
Wethering
products

Plant Litter POM

DPM(OM) REM(OM)

The Integrated
Critical Zone Model

Soil structure

Saprotrophic

KR 7

0 — Aggregate
Fungi H i

Meta-Model

Condensation /| Polymerization Reactions | P Type
ERL Structure
1 Changes
HUM(OM)-HUMUS(INCLUDING SOIL ORGANIC N and P) Aggregate BulkDensity,
Type

Porasity,

- i
=D De-Polymerization |

i <53um Avolume,
) D50

i
-

Light Molecular Weight Org-N and Org-P

Dynamic Linking to Soil Structure.

Soil Hydraulic Parameters' changes

—

Geochemistry and
CyclesC,N, P, K

part of the PRIMA programme supported by the European U

ES] [Call 2020 Section 1 NexuslA]
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ﬁ’,w Soil regeneration: Agro ecological practices simulation & assessment

Z Fresh Fruit Production
Soil Organic Content

Fruit Frash Waight (ke/plant)
5 &

NBS bundles for soil regeneration
e  Follow agro ecological practices

e Use soil organic matter, organic fertilization and conservation
measures for soil improvement

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

enhance carbon storage

P R l M A - i part of the PRIMA programme supported by the European Ui

[LENSES] [Call 2020 Section 1 NexusIA]

the
LENSES
project

Modeling Ecosystem Functions of Avocado

2000 2)
1800 »
1600 3 ——
_ 1400 ©
£ 1200 %
%
= 1000
g —e—Modal
800
X Field »
600 % -
400
200 °x x

2016 2017 2018 2019 2020 2021 2022 2023
Time (years)

Soil Organic Carbon Stock Distribution, t¢/ha

100
——Temperature
—Light 22
—— Water
®
—coz

Proportion of maximum C fixation rate

- o
0.01 L] A
—r
»
= e —_—
o
0.001 o 16 32 a8 64 0 %6
Time (months) Time (months)

of the PRIMA programme supported by the European Union.
[LENSES] [Call 2020 Section 1 NexusIA]

Limitations to Growth SOC Fractionation




the Modeling of leaching chemistry to groundwater

project

xi) Me" (molA) - Laver & xii)
I " o | P ol
= ) (Bt T = R AR
W S ) oo P N W' o Moy N y
ey | RIRI ‘-'] TE 3 xiil)
) i) & |
! L A] [eFharnel|
: Lopbe it g RINAVINIE T " AN Tl Y L
‘gl /Y fﬁv’.!fﬁr‘ 7 R { I‘I“#".ilp‘qk M| ~
v . i)
I f e e et e
cr | ¥y Modeling soil ecosystem services: Food production, nutrient
= —_ S B sequestration, water filtration and transformation & biodiversity

__ PRIMA 1 'ﬂwwppﬂnedhvtheEmopeanunion.

20

the Ecosystem services derived from agroecological practices

project

Nutrient sequestration

Soil dynamics and structure parameters

65.0
(related to soil fertility and soil health) 6.2
2.1
13.0
WSA_ACI (%) 8.3
Sand (%)
Silt-clay (%)
. . 13
106
14.7 22
4~F, \§/M .
80.7 71

PRI MA . 1 : rogramme supported by the European Union.
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i Focus on Farmers - Optimize Irrigation with NBS

LENSES
project

2. What do we need

Soil moisture meter

1. Rules of irrigation

o Replenish soil moisture of the ’ po

roots only o Infiltration experiment
e Don’t let water go below the root

zone

e Acknowledge that the roots are
very efficient to transfer moisture

Infiltration experiment

Pilot #2
Greece

to the planyt
30cm
Volume of soil (for avocado a Rate of infiltration
cylinder with radius of 1.5-1.7 m
and depth 0.5 m) J .
&
fal
. i
3. What do we get M\J\f .
e The rate of irrigation i i)
o The duration of irrigation o
i) il This of thel amme su| ied by the European Union.
21
Lewses Optimize Irrigation with NBS
project
]
Drip irrigation . 4
* Pipe around the tree — 1 m from 3
the trunk

¢ 24 locations of drip
e 2L/hr perdrip
e 50 L/hr total irrigation

Infiltration experiment - Avocado field -
Koiliaris

0.5m

Infiltration Rate, f, cm/min

<>
|rrigatio?14m
2020 =» 8550 L/tree
2021 => 8660 L/tree
2022..=» 5100 L/tree

Time inmin

Fc = Infiltration rate= 12.5 cm/hr
Kf = Hydraulic conductivity = 12.7 cm/hr

- BN

22

of the PRIMA programme supported by the European Union.
] [Call 2020 Section 1 NexuslA]
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SENSOTERRA

Optimize Irrigation with NBS

MONITOR

PRIMA programme supported by the European Union.
2020 Section1 NexusIA]

Optimize Irrigation

Yroupyeio Mewpyikng Avamtuéng
608-727 m3/ctpépupa

20220511 20220521 20220601 20220611  2022-06-21 20220701 20220711  2022:07-22  2022-08-01  2022-08-11
07:1227 07:11:26 2011017 19:09:15 19:08:15 1907:13 1906:12 15:05:08 15:04:07 15:03:07

Apdeuon ava 6évipo

2020 =» 10.55 m3 =» Duration 7-9 hrs
2021 =» 8.66 m> =» Duration 7-9 hrs
2022 =» 5.5 m3 =» Duration 3 hrs
2023 = 5.5 m3 = Duration 3 hrs

Ma 24 évipa/oTpéppa
132 m3/ otpéppa

prrRIMA

24

Irrigation, m3;

Recommended Irrigation of Avocado - Region of

500

MNepldpépela Kpr']tnqéj:
441 m3/oTpEppa i
17.5 m3/8évtpo

00
[

PRIMA programme supported by the European Union.
2020 Section 1 NexuslA]

mavocado, m3/stremma

V2 e Sur. Tameu, Keyreutacs, Mnoaie, o161, Zaxopéreumha, HAivos, Apaita
V: Znpd, Kokaymo, Zépyo, Mpooitia, Aciees,

VI Tpiah, Texy. Aupines, AxnBeo

I Mt

Vi g,

Crete

|tI|||”|H|H |

38 250

2 & n pic Zp pSeuan

36 200 § min | mex [min [max | mn | max | mn | mee | mn | mox | mn | mee | mn | mee | mn | mex
® 35 s | ] » 1 il
T o £ Aneincs P T N T N T N T T e T N T K R
2 5 waior @ | @ |0 [w00] o8 | 117 [ 05 | 126 [ 12| 135 | 120 | 144 127 | 153 [ 180 | 216
g 3 H IOYNIOE 93 | 113 Jw2[q2s] 110 | 133 [ 119 | 143 | 127 | 154 [ 136 | 164 | 144 | 174 | 204 | 246
3 2 100 3 1ovaoz w02 | 121 {111 | 132 | 10 | 163 | 129 | 154 109 | 165 | 148 | 176 [ 157 | ey | 222 | oes
@ » AYFOYETOL 96 | 115 |105] 126 ] 114 | 136 [ 122 | 147 [ 131 ] 57 | 140 [ 168 [ 149 | 178 | 210 | 262

5 £ 77 | o | ea [102] ot | 110 | o | 110 | 105 127 | 112 | 16 | 115 | 1aa | 160 | 208

30 50 Trnoro 513 | o168 | 661 | 672 | oo | 727 | 53 | 783 | 700 | aae | 748 | eos | 704 | 951 [ m1z2 | 1304

29

= 5  Eameponsh, ENts, Aumties 1 Koo vt Tomos, s 0 Grspopbpa, Aspstpu, Compe, Basfan, @pooatus, Aon, Aponéiio

[
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Stakeholder Engagement

TETAPTH
26/07/23
18:30

Nhartia
Barhakkon

High seasonal Buctuation
of springs

Natural water resources
avakabit

+
Tourism
Karst infitration rate

Network mogermization
and rehabilitation

Camate change

+
Flash floods.

S0l carbon loss

solerosion |
+

4+ Use of fertiizers, pesticides,
herbicides.

Wastewater treatrment

Water reservoirs.

+
+
Water quantity

+
Drinking water demand

Intonsive agricutire

+

State of natural arcas
+

Unsustainable agricuttural
practices

Livestock grazing

Urbanization

ADINGONSd 10Taces

__s Sl |

Causal Loop Diagram

Poof management and institutonal
ragmentation

Point sources. of poliution DifluSe SOUICES Of DORIION
+
Water use efficloncy - +

+ ¥ Water salinity

SW quaity 4
GW qualty |- Protection zones
+

Water avatabany for
Imigetioy’ GW monitoring

WTigation water buaget

ovative TiQaton
Information and awarencss techniques
+ g
Waler demand for irigation = *

Figancial incentives

Lang tragmentation

Farmers’ training +
AQTICURULS BHOSUCIVIY +
+ -

+ +
Agricultural profitabiity |
=

Agricultural sustainabiity Market conditions

+

Nature based Soktions.

26

Development of cooperatives.

2/15/2026

Nexus challenges

Agricultural development

Soil degradation

Groundwater quality

Irrigation water budget
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A Multi-Disciplinary Approach to Understand
Hydrologic and Geochemical Processes at Koiliaris
Critical Zone Observatory

Maria A. Lilli *, Dionissis Efstathiou !, Daniel Moraetis 2, Jonathan Schuite 340,
Sofia D. N i " and Nikelaos P. Nikolaidis !
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Received: 27 July 2020; Accepied: 29 August 2020; Published: 3 September 2020 updates

Abstract Koiliaris CZ0 5.2 European Critical Zone Observatory (CZ0) ypial of the Medteranean
karstic hology, which rep heds affected by hy Thisstudy
aims to provide that underpins the hydrologic and geochemical processes functioning at
Koiliaris CZO. Linking geomorphologic and tectonic :malyn; improved the delineation of a karstic
area which extend: tside of the K i and i ied how

the regional hydrology. The fluctuation in the river flow represents processes occurring in the karst
and the periodic signal is related to Earth tide stressing of the karstic reservoirs. The conceptualization
of a two-reservoir, well-mixed karstic system is d by both the hologic and tidal
analysis. The hydrologic response is fast and it is manifested especially during extreme events where
70% of the precipitation becomes surface runoff, creating major flood events. The different samplmg
sites in the Keiliaris CZO were geoct ally clustered and the i of the h
fluxes showed that 25 mmd‘lDOD yea:s and 39 mmy1000 years of :al‘bonale were removed by chc'mlcal

elements influence

g‘?o sustainability [’in\ngy
Article

Vision-Based Decision-Making Methodology for
Riparian Forest Restoration and Flood Protection

Using Nature-Based Solutions

Maria A. Lilli
Dionissis E

. Sofia D. Nerantzaki *, Christos Riziotis , Manolis Kotronakis !,
hiou ! Dumms Kontakos 23, Petros L is 2, Manolis Avramakis 2,

Antonis irakis 2, Ki is ! and Nikolaos P. Nikolaidis
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tucgr (SDN; o il.com (C.R); k ki il.com (M.K.);
g tuc.gr (D.E.); kprotop il (K.P);
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Kato Daratso, 73100 Clumm Greece

LI iLcom; Tel: +3

check for
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Abstract: Nature-based solutions (NBS) are actions lhal u:.e natural processes in a resource efﬁcwnl
manner to solve societal chall The lack of supp sl and financial,

and social barriers complicate the process of NBS implementation. It is an urgent need to develop
approaches to design and implement NBS that would act as drivers to overcome potential barriers
and enhance the social acceptability of the project. The vision-based decision-making methodology
and participatory process created in this study has been carried out in the Koiliaris Critical Zone
Observatory in Crete to design erosion and flood protection NBS and restore the riparian forest.
The methodelogy consists of four distinct steps as follows: i) develop a vision of the area, i) conduct
a baseline assessment study, iii) NBS design and co-design, and iv) procurement and implementation.
The methodology overcame multiple barriers because of the effective stakeholder engagement and
the vision “drove” the project and created the necessary consensus that is necessary to achieve
the objective of converting privately owned prime agricultural land to riparian forest. It offers an
exemplar of a functional ecosystem restoration project that protects the river in a sustainable way,

improves its biodiversity and water quality and improves the quality of life and social cohesion.

Wi for the phemeral river and the springs, respectively. These studies illustrate
the importance of critical zone science and transdisciplinary studies on water and soil management. Keywords: nature-based solutions; climate change; ice : flood risk it
invol decisi ki
Keywords: karst; critical zone; hydrology; geomorphelogy; tidal analysis; weathering rates ?
& frontiers | Frontiers in Water ik g e
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Riparian Forests as Nature-Based Solutions within the
Mediterranean Context: A Biophysical and Economic
Assessment for the Koiliaris River Watershed (Crete, Greece)

Mauro Masiero **, Giorgia Bottaro !, Caterina Righetti !, Nikolaos P. Nikolaidis 2, Maria A.

and Davide Pettenella*
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R~ s Tel:

Abstract: The Mediterranean Basin is severely impacted by anthropogenic changes affecting both

natural ccosystems and human livelihoods. The region is highly vulnerable tonatural hazards, with

foods betng conaidened the mas mpostany; dus oth s thle Fe iy and mgacts Kokt wa:
hed f Crete Island, G dy as past land-use ch

via deforestation and infense cultivation practice induce sail onganic mater losses, making solls

susceptible to water erosion and desertification. The restoration of native riparian forests has been
entified as the most effective nature-based solution (NBS) for the area. Through modeling, our
study assessed the effectiveness of this NBS in addressing flood risk and erosion while providing
additional ecosystem services (carbon seq and 5 ). A cost-benefit
analysis has been then impl d to also i h it of the i from an
‘economic point of view. Our results show the NBS ‘would be successful in ensuring a better flow of
targeted ecosystem services compared to the business-as-usual conditions. The associated invest-
ment would result in economic sustainability and associated costs would be paid back in five years.

the Mediterrancan Context: A
Biophysical and Economic
the Koiliaris R

Though site-specific, our study provides lessons learned for dealing with future land-restoration
challenges in the Mediterranean to cope with climate change-related challenges.

Watershed (Crete, Greece). Forests
2004, 15, 760, hitpsidoi.org/
n:

Y ecosystem services; flood; carbon; climate change; habitat; WEFE Nexus; hazards;
cost-benefit analysis
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Optimizing the water-ecosystem-
food nexus using nature-based
solutions at the basin scale

OPEN ACCESS

omoer
ese Gorasiez-Piguerss,

Unversity of Castila-La Mancha, Spain
Unniberto Frating,

Politecnico di Bar, ltaly

Antonio Lo Porto,

National Research Counci [CNR. taly

Antonia Maragkaki, Evangelia A. Koukianaki, Maria A. Lilli%,
Dionissis Efstathiou and Nikolaos P. Nikolaidis

~CORRESPONOENCE
Mana A Lilli
marialili02@ gmai com;
The water ecosystem food (WEF) nexus duly acknowledges the complex
interdependencies among water, ecosystems, and food production, underscoring
nature based solutions (NBS) as an efficacious strategy for navigating these
interconnections. In this research, four different NBS [terraces, riparian forest,
cmman Iivestock management and agro ecological practices) were assessed in terms of
Maragkaki A Houkisnski EA Lili MA 2 &
Efstathiou D and Nikolaidis NP 2024) their impact to WEF nexus. The Karst-SWAT and the one-dimensional integrated
‘Optimicing the wats-scosystem-food nesiis eritical zone {1D-1CZ) models were used to simulate the impact of NBS on
uting naturs-based solutions.at the basin ‘water quantity and quality as well as on soil ecosystem services of Koiliaris River
Basin, which serves as an illustrative example of a basin that has experienced
severe soil and biodiversity degradation. The Karst-SWAT model showed that a
combination of NBS of terraces and riparian forest can reduce soil erosion and
the sediment load by 97%. The 1D-1CZ model successtully simulated the soil-
plant-water system and showed that agro ecological practices affect biomass
production, carbon and nutrient sequestration, soil structure and geochemistry.
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PuBLsHo 0 dune 2024

Front. Water 61386025,

10.3389/frwa 20241386925

commGHT

© 2024 Maragiald, Koukianak, Ll Efstathiou
and Nikelaidis. This s 3n 6pen-accass articla
istributed under the terms of the Creat

Y). The
use, distribution of reproduction in ether

28

28

14



2/15/2026

Sustainability 2020,

%ﬁ sustainability

A\r’?;’ion Based Decision-Making Methodology for e : : .

Riparian Forest Restoration and Flood Protection = KOIlIarIS CZO = Rl parlan Fbre‘st |

Using Nature-Based Solutions R g : :
estoration and Flood

Maria A. Lilli %, Sofia D. Nerantzaki , Christos Riziotis *, Manolis Kotronakis %,

.
Dionissis Efstathiou !, Dimitris Kontakos 2%, Petros Lymberakis 2, Manolis Avramakis 2, P rotectl o n

Antonis Tsakirakis 2, Ki inos P dakis ! and Nikolags P. Nikolaidis !

1

Decision-making methodology scheme for NBS implementation

Phase 1: Vision Develop a vision
for the area

Objective:

Develop a vision-based
decision-making approach to
designing and implementing
NBS that would act as a

driver to overcome potential NBS design Stali(:sgider
barriers and enhance the Phase 3: NBS co-

design

social acceptability of the Design Stakeholder
project assessment consultation

Conduct studies
Hydrologic; Hydraulic; Forest assessment; Erosion
assessment;

Phase 2: Baseline

assessment

Phase 4:
Implementation Procurement

/ ‘\a‘{eLTER Implementation NBS monitoring )
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Phase 1 — Developing the Vision

The Riparian Forest
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Phase 1 — Developing the vision

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.

) K{ eLTER ,

Phase 2 — Baseline assements




Keranianos @ Gorge Entrance - Flow 1961-2018
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Flow, m3/s
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Keranianos @ Gorge Exit - Flow 1961-2018
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Koiliaris Surface Flow @ Upgradient Springs- 1961-2018

Flow, m3/s
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Stylos springs - Flow 1961-2018

Flow, m3/s

20

[ CAAIRARE A AAR AR AN AKRARR AR AR ARARKARA MR RAEA

10
3/25/1960 1221973 8/11/1987 /1972001 12/27/2014

Hydraulics), BSTEM (Bank Erosion

Koiliaris @ Agios Georgios- Flow 1961-2018
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3/8/2971

3/25/1960 2/18/1982 1/31/1993 1/14/2004 12/27/2014

Riverbeds
~
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Flood zone
=

Erosion control zone
=

Average Flow

(Mm3/yr)

Modeling 1961-2018

Keramianos tributary 10.1

Stylos Spring 58.5

Anavreti Spring and 69.9
runoff
L Total Flow 138.5

9

Q-T Diagram/Annual Max 1961-2018/Gumbel
70
60 =

50

=a0 |
=

Q50=55.51

£
T30 |

1 10
Return Period, T {yrs)

ablactatonoinpéves KaTavoués TTAN MU P

25:2-19 205 26.2:19

13219 20

Unstable

Number of banks

o JAENY
J NG 000

FER

Factor of safety

Riparian forest studies

46 plant types

“Google Earth|

12 allochthones

. 34 autochthones
River bank measurements
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Part 1 - Arundo donax and
Phragmites australis.

Part 2 - Arundo donax flowed by
Sicamore and white willows

11

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

12
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Phase 3 — NBS co-design

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 Spor
Environmental and Water Resources Unit —Chania Regional U
Regional Council

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

IVI‘i \is%fﬁ.?v'ﬁﬁnent

14
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Design of flood protection and restoration riparian forest

|

&XeLTER .

15

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

16



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

‘Erpaia réxous 20 cm
["and xaki 8pauaTé Aaopeiou
Siaotdoewv 15-30mm

Tewigaoyua
ZIréyn avay@parog -
TEpIATTIKG povoraT
\pyohBoSopr pe

|
ZUTIEOLIEVO QVdYWHA G TPOIGVTA EXTKaQUV
ki Guvi{n daveia uNik@v Kamyoplag E2 éuwg E3
|
i

X eLTER )
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February 2019 Floods
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12-17/2/2019 24-27/2/2019
Aoh Twvid 408 569
AOKL‘J¢'0U 458 604.2 QOpaia Bpoyémtwon oto Wuypo Mnyadt kat Napoxr Kotkdpn
Aytol Mawvteg 172.2 229.4 ’
Wuxpd Mnydsdt 346.6 433
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Phase 4 — Implementation

11
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Phase 4 - Implementation

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 natioR&M§filGasgAnalysis

| NPV(€) | B/C| IRR_|_PB_

PRl 7.67  40.49% 5

Riparian Forests as Nature-Based Solutions within the
Mediterranean Context: A Biophysical and Economic
Assessment for the Koiliaris River Watershed (Crete, Greece)

flbey

Maure Masiero -, Giorgia Bottaro !, Caterina Righetti ', Nikolaos P. Nikolaidis %, Maria A. Lilli *

/ d Davide Pettenella *
KL eLTER e .

23

NBS challenge Indicators | Current Impact Expected Impact

Low density agricultural 40 m length high density
vegetation, limited riparian riparian forest, soil carbon to
forest and 1-2% org soil carbon increase to 3-4% at maturity.

@B g ndlere =l Carbon storage and sequestration in
adaptation vegetation and soil

Reduction of flood risk None EO-yelzarﬂroodfor maX|3mum
Water management ourly flow of 127 m3/s

Areas (ha) exposed to flooding 56 31

Number of meetings held with citizens to 2 meeting during the design To be determined

explain the progress of the project phase and 1 with municipality
Numbers of persons involved in the . .
ici i L ) . 50 people per meetin To be determined

T U RIS activities carried out under the project people p ing :

and governance
Number of public officials who have Mayor, Municipality Council, Mayor, Municipality Council,
been involved in the execution of Deputy Governor of Chania, Deputy Governor of Chania,
activities in the execution of the project Regional officials Regional officials

Pu!allc health & well- Increase in waIkllng and cYCImg in and Minimum High

being around areas of interventions

Potential of economic

opportunities and New businesses attracted Minimum High

green jobs

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

LeLTER

25

www.koiliaris-czo.tuc.gr

Gracie Mille

13
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‘! Living Lab Koiliaris CZO
Nexus

Labs

TECHNICAL
UNIVERSITY
OF CRETE

Grant agreement No. 2422

1

Living Lab Koiliaris CZO

"
@ Stakeholders

8 Farms and
farmers @
Koiliaris

* Stakeholder mapping & engagement:
» 8 farms and farmers — key stakeholders
* Additional farmers and regional stakeholders

Additional
farmers
@Kaoiliaris

~
e 8 Farmer training

I © Document efficacy of solutions

Regional

* Open call to join the network _ Regional
dissemination

RS © Training and dissemination

e Full scale regional
dissemination

lexusLabs Koiliaris Living Lab Meeting — Feb 2026 D PRIMA -
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[NexusLabs Koiliaris Living Lab Meeting — Feb 2026

Smart Irrigation

[)[(IM’\ -
F

3

e
@ Edadwn Yypaoia

_.+" Water Holding Capacity By Soil Type SPECU’UM'

9
\
‘

VOLUMETRIC WATER CONTENT (%)

abs Koiliaris Living Lab Meeting — Feb 2026

Source: New Mexico State University Climate Center rec'h" 0’ og"‘l I nc.

Field capacity -

LEGEND:

4 Field Capacity:
Maximum % of

4 Permanant Wilting Point:
‘Water coniants less than
this will lead to permanaent.

walec sl can hoid. Permanent Wilting point —

[)[(IM’\ -
F
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)
‘ Soil Moisture

Average Soil Porosity (%) at 0-5 cm Depth
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O Soil Moisture
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)
. Soil Moisture

Volume of cylinder
(rt*32/4)*0.5 = 3.5 m3
(rt*42/4)*0.5 = 6.3 m?

Nopwéeg 30-40%

Pore volume =
1.1-1.4m3
1.9-2.5m3

0.5m
Root zone

3-4 m diameter

[NexusLabs Koiliaris Living Lab Meeting — Feb 2026
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PRIMA -
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Living Lab Koiliaris CZO

)
@ Infiltration experiments

Infiltration Experiments
and Field Variability

242

NexusLabs : Variability of infiltration capacity
(middle of field)

200
.
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NexusLabs : Variability of infiltration capacity

(under the tree)
I I I I -_-=h ‘ | I ‘

lexusLabs Koiliaris Living Lab Meeting — Feb 2026
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a Optimize Irrigation

SENSOTERRA

o Homman &

e
9

SENSOTERRA

TUC K88,

Avoc

Q&

Avocodo Imigated 001
Q o

oy
g v _/_&g

Q portable 001 & = e

Q porebecss i =

Q porstewot &

Q porubewes & - .

NexusLabs Koiliaris Living Lab Meeting — Feb 2026 0 PRIMA -
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Living Lab Koiliaris CZO

Y i )
‘ Soil Moisture

Gateway (LoRaMﬁf‘_ o

Network™ .

“water the tree
and not the field” "

30 %
\_\NWN .
"
) 10%
s 2 3 = = 0%
> % | - = W X Tu Th sa Mo We Fr
E s “ 6 s 0 12 "
>
lexusLabs Koiliaris Living Lab Meeting — Feb 2026 D PRIMA -
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Organic carbon, water stable aggregates,
and soil fertility

> -
NexusLabs Koiliaris Living Lab Meeting — Feb 2026 0 PRIMA -

11

‘! Living Lab Koiliaris CZO
Soil Structure and Water Stable Aggregates
Water Stable Aggregate Fractionation
WACH(>250 um)  WAC2 ($3-250 pm)  WACT (<53 um)
80.0
A("\YO
< w00
¥ 400
. I |II | I | || Silt-Clay Content
o {ln Mo 00 0 Gon 0O e 00 B e B0 D RO
F o Ff F S S &S T S LS oo 3 =
A A - A S A A A A A o, S
N 03 " 486 474 e
2.3
00 7 x 3 = =
F s ' s}’g \:&’3\ & & \&‘v@
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1

NexusLabs Koiliaris Living Lab Meeting — Feb 2026

13

1

B | - 10um.

POM colonization by

microbial decomposers
Adsorbed Soil organic
Incorporation of matter

POM plant residues ’/'
=l'> a [ (+]

and roots C—\ =
-— - Aggregated
| .'-_. particles

Individual clay particles with
charged surfaces

250 ym 250 ym

Decrease of microbial activity,
loss of aggregate stability
POM fragmentation,

aggregate disruption
micro-aggregate formation

I abs Koiliaris Living Lab Meeting — Feb 2026

formation

Macro-aggregate

14
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Water Stable Aggregate Formation

Water Stable Aggregate - g/100 g soil

HWSA-Crop B\WSA-Setaside

Cropland Set 65.6
Aside
WSA (>250 pm) 46 65.6 16
MW D, mm 0.53 0.71
% sand 20.2% 12.9%
237
101 :

5.6

T
53

=250 53-250 <

Stamati et al., 2011

15

Water Stable Aggregate Formation

Soil Carbon Distribution - g C/kg soil

B Crop land M set Aside

Soil Nitrogen Distribution - gN/kg soil

37.4
16.7 II .. —
12.6
9.5
. . 29 28
T H e
53

=250 53-250 <
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]
"I How fast is aggregation happening?

Very fast —

weeks to
months

Soil Water Stable Aggregate Evolution
Tiling an

End of season

02 406 8101214161820222426283032343638404244464850

Time, weeks

= o= cal valmass_AC1 = e= cal valmass_ AC2Z = e= cal valmass AC3

[NexusLabs Koiliaris Living Lab Meeting — Feb 2026
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L' ° e, ®
@ 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

Legend
I Koiliaris Valley

[ Koitiaris Watershed
Elevation (m)

134
@ samplingsites

lexusLabs Koiliaris Living Lab Meeting — Feb 2026

Zoomed view

F
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@ Soil chemistry
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L
il chemi
‘ SOI C em|Stry Average pH Value per Field Location
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“
@ Soil Fertility

Correlation between TOG and TN in Soil Samples Nexulabs: Soil TOC and AC3 s RGN reBOGHI Tl ONBRIAC CRrbOR (WK A Btk Dorisity
60 600 4 AT .
A s
s0 500 ! e i .t
o sl e,
Z‘Aﬂ . a . g .. LIPS
™ =
3 77670+ 5.7918 . .
i R'=0.7223 L
100 o
10 ¥=0.3384x+.4.9192
00 R’=0.2813
o 300 a0 500 00 700 800 00 = 3 - p wm
o 1 2 s . s s AC3(5%)
TN (g/kg)
Organic matter increase soil TN and TOC Microorganisms are being activated and create Soil bulk density decreases =» the soil
Correlation of Bulk Density and Porosity at 5-10 cm Soil Depth water stable aggregates and soil structure becomes Ilghter
50 NexulLabs: Scil Fertility Index
_ 1200 °
. e Agro-ecological
f :; 800 .
practices improve the
b= 535x- 0.5(
. L o Water-Fertility-

';‘““’"5'79"”]‘ 100 150 200 250 200 350 400 Biod ivers ity of the SOiI

N r I n r S0C (¢
Porosity increases =» water retention is =

increasing = soil structure is improving Soil fertility is increasing
lexusLabs Koiliaris Living Lab Meeting — Feb 2026
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Dianna K. Bagnall' © | Cristine L. S,

Elizabeth Ricke' | Paul Tracy' |
Oscar Bafiuelos Tavarez' | Andy Bary® | R.Louis Baumhardt® |
Alberto Borbon Gracia” | Daniel Brainard® | Jameson Brennan’ |

SOIL PHYSICS & HYDROLOGY

Carbon-sensitive pedotransfer functions for plant available water

Morgan' | Michael Cope' | Gregory M. Bean' |
Shannon Cappellazzi' | Kelsey Greub' | Daniel Liptzin' & | Charotte L. Norris' |
Ezra Aberie’ | Amanda Ashworth® |

Opwpcaic = 7.907 +0.236Clay — 0.082Sand + 0.441S0C

Orccaic

+0.002(Clay x Sand)

3)

= 33.351 + 0.020Clay — 0.4468and + 1.39850C

+ 0.052(Sand x SOC) —0.077 (Clay x SOC)

+ 0.011 (Clay x Sand)

@)

lexusLabs Koiliaris Living Lab Meeting — Feb 2026
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NexusLabs: Available Water Content

¥
@ Soil carbon and available water content

Using USA
Pedo-transfer
Functions

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

moisture = increase in soil moisture by 35 m3/ha

NexusLabs: Available Water Content

Ll

110 180 2100 2600 3100

%500

1% increase in SOC = 0.02 cm3/g of soil moisture
2 increase in soil moisture by 44 m3/hagerima -

If we exclude fields 6

and 12 with the
lowest PAWC =>

“perfect” straight line
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%
@ Cost benefit analysis

Kéazo: pw iz sppacia

400pis * 3 dps; T v bpren
165 1 0w RSO Kl XOR
8162124 16296 Spns

To uapociuass shos 60€ ondes 2+ 604 = TH0€

Qeéin
Do azd sciinen efoxivro
P ofvog 2024: 2,690€
l402¢ 3 708 €, TMowerhia Ha 0
H i xofopioma fdom soubmas aforvio:
Tlpim st g
Avbuapm b - 1 4
Ecipra- 106k

Euvolans kéoros: 9.0€ + 563.2€ + 1037.1€ + 54.6€ + 7206=2,384.5€
Depehos ané Ty néhnan afoxivro: 2,690 €

Apa ek Spehos: 2,6906-2,384.8€ = 305.2€

Herims Ayporepsriov: Kopayunians laveedsiy
Eidos Kakisipymas: Einig

Kégmn
Edode o wevao (veTpiims kiwmen )
Asdozam $ 7 * 2 ganis * 1 mevismarem 130 s

130305 * 03L7hua * LAEL = 16646
Eéoda a iméeuare.

183 kg of 20-6-16: 146

85 kgof 1504635

Réouos mcniean: 346
Kdoro; e vepd dpdeven;

526 m vagod and tov OAK wt wdomos 0 3€m'
p——

Kéowo; pia avépsianm sppacia.

« Tmviopana * | o v nimopnm 13 o i mimars
)

+ Sospas S e v e
15448+ Bn T b

To apowiuace s 63 € ondu ; + 654 = 617.5€ + 61 Sivepa * 5 €xdiabona avi bivipe = 9215
Ooéin

Dpciog axd nesiney simdiedor
3 118

Zuvokued xdoTog: 166.4€ + 244€ + 157.8€ + 922.5€= 1,490.7€
Ogehos axé v néknon ehadiadov: 1,355 €

Apa 1.355€-1,490.76= -135.7€ (Snpia)
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Water Harvesting
+SOM

10.4

Jordan Valley Pilot - Plastichouse Tomartoes

10
8
6
4
2
o

Deionized water +SOM

111

_ % Soil Carbon Max tomato yield, tn/dunum

8.1-11.1
14
19.6

Yield , tn/dunum

= w/dunum

Yield, tn/dunum

=32012
=32013

@ Soil carbon and tomato production

Biochar Experiment at TUC - Field Tomatoes
16
14
12
10

8
6
a
2
0
ontre

Olive Mill Sludge
Bicchar
51 14 65

SoilTrec Experiment at TUC - Field Tomatoes

70/30
Compost/Manur
e

Compost Manure

15 143 17.4 17.7
168 17.2 19.6 16

F
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@ Next steps
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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
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