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Best practices for the management of low-
elevation Mediterranean pine forests to optimize
carbon and water balance in the context of
climate change

Developed in the framework of the project "Management of Mediterranean pine
forest for optimizing carbon and water balance under climate change"
(PineOptim) (2024-2025)

Carbon Resilience to Adaptive
Sequestration Drought management

The "PineOptim" project is implemented within the framework of the action of H.F.R.I. "Funding of
Basic Research (Horizontal Support of all Sciences)" of the National Recovery and Resilience Plan
"Greece 2.0", funded by the European Union— NextGenerationEU (HFRI Project Number: 016258).

_,—-:’.ﬁ-l.\
o K 3

'"q_ EAAHNIKH AHMOKPATIA EM&SG 20 - n‘g'gu’:f““"f‘:::,'s"f&m E A I A E K
M Mg YOOYPIEIO ANANTYEHE s Eso s NextGenerationEU el Mot Tomvac i Keeetgn






The challenges under the
climate change regime

The low-elevation Mediterranean pine forests, and especially the
ecosystems of Aleppo pine (Pinus halepensis) and Brutian pine (Pinus
brutia), have a high ecological and socio-economic value. They make a
substantial contribution to carbon sequestration and biodiversity
conservation.
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Climate change intensifies drought and
increases temperatures, placing

significant pressure on the water balance
of pine forests and reducing their
resilience.

At the same time, the more frequent
and severe occurrence of forest fires
threatens the structure, function, and
long-term sustainability of
Mediterranean pine forests.

\

The PineOptim project evaluates and proposes forest management
practices that enhance the water and carbon balance in low-elevation pine
forests. Through systematic ecological monitoring, it identifies best
practices that support forests' adaptation to climate change and enhance
their potential to mitigate its impacts.

This brochure brings together the scientific results of the project, providing
evidence-based and actionable guidelines for researchers and students,
forest and environmental policymakers, and forest managers in the public

and private sectors.
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Methodology of PineOptim | Aee
The overall objective of the PineOptim project was to propose
management practices that optimize carbon sequestration
and water use efficiency in low-elevation pine forests, under
current and expected climate conditions. The methodology
included:

. Development of a common,
harmonized monitoring protocol.

;. Collection and analysis of field data on
carbon and water fluxes.

Applied to:

1. Natural P. brutia forests of
Lesvos: different post-fire age
and no management
interventions.

2. A natural coastal forest of
Aleppo pine in Sani,
Chalkidiki: removal of the
understory - overstory of
different densities.

e

Peri-urban forest of P. brutia in
Xanthi:  Different  thinning
intensity of the overstory.

Evaluation of the effect of alternative management
practices on the productivity of the Brutian and Aleppo
pine ecosystems.

% Development of a model for estimating ecosystem
productivity and fire risk under different climate change
scenarios.



Methodology of PineOptim
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Continuous monitoring in the field:
Use of low-cost and easy-to-use
sensors by non-specialized personnel
to measure tree growth and
microclimatic soil and air parameters.

Field sampling and measurements:

- Biometric data for the estimation of
biomass on the overstory and
understory vegetation.

- Measurements of photosynthesis,
water potential, and moisture
content in needles and twigs.

- Measurements of soil respiration,
decomposition of the forest floor,
and biomass accumulation through
litterfall.

Modeling:

A mechanistic model was used that simulates the
carbon fluxes in each tree. The model was fed
with all the above-mentioned data to estimate
productivity at the ecosystem level and was
validated against actual carbon and water fluxes
data from an Eddy covariance tower The validated
model was used to produce simulations under
different climate and forest management
scenarios.




Key concepts AR acopin

Net Ecosystem Productivity - NEP *

&{:}\‘A\ NEP expresses the amount of carbon captured or released

annually by an ecosystem, such as a forest.

Integrated Fire Index - IFI *

The IFl ndieator estimates the potential risk of a fire ignition
based on the microclimatic conditions of the understory
vegetation, the density and moisture content of the
vegetation, as well as meteorological factors. IFl values
range from 1 to 5, with 1 indicating a low risk of fire ignition
and 5 indicating a high risk. The index does not refer to the
fire’s spatial spread and extinguishment.

Local climate change scenarios

SSP2 4.5 (Moderate scenario): If the current increasing
trend in greenhouse gas concentrations continues until
2050 and is leveled thereafter, an increase in mean annual
temperature of 1.8-2.3 °C and an increase in annual
precipitation of approximately 2-12% are projected by the

‘ //jl end of the century.

SSP5 8.5 (Pessimistic scenario): If the combustion of
fossil fuels and the continuous increase in greenhouse gas
concentrations persist, an increase in mean annual
temperature of 4.0-4.7 °C and a decrease in annual
precipitation of approximately 15-20% are projected by the
end of the century.

* The NEP and IFl results of the present guidelines derive from the

simulations of the model developed within the project. .



Simulation Results

Carbon sequestration and fire ignition risk under
current conditions
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Integrated Fire Index (IFl) across all study stands of the PineOptim project during the dry—
hot season (June-September, 2013-2025) under current management practises

LES1: 20 post-fire years SAN1: No intervention, low XAN1: No overstory thinning

LES2: 46 post-fire years understory & overstory density XAN2: Moderate overstory thinning
LES3: 78 post-fire years SAN2: Understory removal XANS: Intensive overstory thinning
LES4: 92 post-fire years SANS3: No intervention, high

(no management interventions) understory & overstory density




Lesvos — Simulation Results of NEP and IFI
(overstory thinning & climate scenarios)

N .
$ PineOptim
Optimizing € and water flaxes.

SSP2452080 || SSP5852060 |

— SSP2452080 || SSP5852080 | §
K-
&5 1000- E | |
> 9004 I ’ £ 457
'E 8001 2 E; : 9421 :&j ‘| LES2:
Lé é(o)g' ﬁ o ggg. m % i* 46 years after fire
g (W . hi S .. .
% 500 §3b‘

¥ - 20% of Basal Area
B Control

Estimated Net Ecosystem Productivity (NEP) and Fire Ignition Risk Index (IFl) in 2060 for 46-
year-old Aleppo pine stands in Lesvos, if moderate overstory thinning (removal of 20% of

basal area) is applied instead of the current absence of management interventions, based
on the moderate (SSP2 4.5) and pessimistic (SSP5 8.5) climate scenarios.
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Estimated Net Ecosystem Productivity (NEP) and Fire Ignition Risk Index (IFl) in 2060 for
approximately 70-year-old Aleppo pine stands in Lesvos, if intensive overstory thinning

(removal of 40% of basal area) is applied instead of the current absence of management
interventions, based on the moderate (SSP2 4.5) and pessimistic (SSP5 8.5) climate

scenarios.

In the studied stands of Lesvos:

v" Under both climate scenarios, moderate thinning at around 45
years of age enhances fire protection without negatively affecting
carbon sequestration.

v"Intensive thinning at around 70 years of age increases long-term
carbon sequestration by approximately 25% and at the same time
reduces the fire ignition risk by approximately 8% (mean values
across both climate scenarios).




Sani, Chalkidiki — Simulation Results of NEP
and IFI

(understory removal & climate scenarios)
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Estimated Net Ecosystem Productivity (NEP) and Fire Ignition Risk Index (IFl) in 2060 for
Aleppo pine stands in Sani, Chalkidiki, if 50% understory removalis applied in stands

with low or high overstory and understory density, based on the moderate (SSP2 4.5) and
pessimistic (SSP5 8.5) climate scenarios

In the studied stands in Sani, Chalkidiki:

- With low overstory and understory density, removal of 50% of the

understory vegetation is expected to lead to:

v" A decrease in carbon sequestration of approximately 30% (mean
values across both climate scenarios).

v" Anincrease in fire ignition risk of approximately 5% (mean values
across both climate scenarios).

- With high overstory and understory density, removal of 50% of the

understory vegetation is expected to lead to:

v' A decrease in carbon sequestration of approximately 25% (mean
values across both climate scenarios).

v' Adecrease in fire ignition risk of approximately 5% (mean values

across both climate scenarios). .



Xanthi — Simulation Results of NEP and IFI
(overstory thinning & climate scenarios)
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Estimated Net Ecosystem Productivity (NEP) and Fire Ignition Risk Index (IFI) in 2060 for
Aleppo pine stands in Xanthi, if 40% overstory thinning is applied to a stand with no
previous thinning (XAN1) or 20% thinning is applied to a stand that underwent 40%

thinning 10 years ago (XAN3), based on the moderate (SSP2 4.5) and pessimistic (SSP5
8.5) climate scenarios.

In the studied areas in Xanthi, under both climate scenarios:

- Strong overstory thinning (40% of basal area) in a stand with no

previous thinning is expected to lead to:

v" A slight increase in carbon sequestration (approximately 3% on
average across both climate scenarios).

v" No change in fire ignition risk.

- Repetition of overstory thinning, even moderate (20% reduction of
basal area), within a 10-year period, is expected to lead to:

v' A decrease in carbon sequestration.

v No significant change in fire ignition risk.



Best Practices

(For low-elevation pine stands originating from natural
post-fire regeneration, without management
interventions)
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Proposed best management practices to increase carbon
sequestration and reduce fire ignition risk:

> Moderate thinning (up to 20% of basal area) between 20 and 40
years of age, mainly to reduce competition and enhance fire
protection.

> Strong selective thinning (up to 40% of basal area) after 45 years,
and no later than around 70 years of age, to allow the
establishment of native broadleaf species.

> Regeneration thinning after 70 years of age to promote natural
regeneration of the stands.

Note: These recommendations apply on the condition that the stands
are protected from grazing.

LESS3: 78 post-fire years LES4: 92 post-fire years



Best Practices

(For natural coastal pine forests, where understory
removal of evergreen broadleaf species is applied for
fire protection)
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Proposed best management practices to increase carbon
sequestration and reduce fire ignition risk:

» Understory removal should not exceed 50% of understory
ground cover, as higher percentages lead to a strong reduction in
carbon sequestration potential.

» In stands with sparse overstory, 50% understory removal should
be avoided, because this practice not only reduces ecosystem
productivity but also increases fire ignition risk due to changes in
the microclimatic conditions.

> Reforestation with pine (using seeds from the local area) where
natural regeneration is low, due to adverse climatic conditions.

SAN1:
No intervention, low
understory & overstory

density SAN2:

Understory removal

SAN3:
No intervention, high
understory & overstory
density



Best Practices

(For managed peri-urban pine forests originating from
plantations, where moderate or intensive overstory
thinning has already been applied)
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Proposed best management practices to increase carbon
sequestration and reduce fire ignition risk:

»  Strong thinning (40% of overstory basal area), because the
development of an understory of native broadleaf species
increases ecosystem productivity, and therefore carbon
sequestration, without increasing fire ignition risk.

» Thinning should not be repeated within a period shorter
than 10 years.

» The ultimate goal should be natural forest regeneration and the
creation of broadleaf or mixed broadleaf-conifer forests,
depending on local conditions.
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Summary
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Mediterranean pine forests are under increasing pressure, as climate
change intensifies xerothermic conditions and the frequency and severity
of wildfires. The results of the PineOptim project show that the
contribution of these ecosystems to mitigating the impacts of climate
change is critically influenced by the management practices applied.

Management of low-elevation Mediterranean pine forests should not
focus solely on fire protection or carbon sequestration, but rather on
balancing ecosystem productivity, fire protection, and long-term
sustainability. An integrated approach, based on combined evaluation
of indicators such as NEP and IFl and the use of models, supports
evidence-based decision-making for the long-term sustainability of low-
elevation Mediterranean pine forests.

The monitoring protocols developed (Eleftheriadou et al., 2026), along
with the proposed best practices emerging from the PineOptim project,
provide a framework to support climate-adapted management of low-
elevation Mediterranean pine forests.

Climate-adapted management is required, using appropriate

indicators and models, along with the implementation of
contemporary management plans.

Eleftheriadou, N., Mantzari, E. D., Kiorapostolou, N., Sazeides, C. I., Xanthopoulos,
G., Markos, N., Spyroglou, G., Bintsi-Frantzi, E., Gouvas, A., Dimitrakopoulos, P. G.,
Fotelli, M. N., Radoglou, K., & Fyllas, N. M. (2026). An Integrated Monitoring Protocol
to Study the Effects of Management on the C Sequestration Potential of
Mediterranean  Pine  Ecosystems. Methods and Protocols, 9(1), 18.
https://doi.org/10.3390/mps9010018 14
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BEATIOTEG TIPAKTIKEG YLa TN dlaxeipLlon Twv
HECOYELAKWYV TIELKOBdACWYV XapnAou uopETPOU
yla aplotortoinon tou tlooduyiou avBpaka Kat
VEPOU OTO TTAALOLO TNG KALLUATIKAG AAAQYNC

Avantux6nke oto rmAaioto tou Epyou «Alaxeipton Twv Meooyelakwy dacwyv
eUKNC yla aptatormoinan tou tooluyiou avBpaka kat vepou UTTO TNV KALIATIKN
aAAayn» (PineOptim) (2024-2025)

Carbon Resilience to Adaptive
Sequestration Drought management

To €pyo «PineOptim» uAomoleital ota MAaicla tng dpdacnc tou EAIA.E.K. «Xpnuatodotnon Baotikng
‘Epeuvag (OpZdvria urtootiptén OAwV Twv Emiotnuwv)» tou EBvikov Zxediou Avakapdng Kat
AvBektikoTnTag «EANGS A 2.07, PE TN XP"]UUTOGC’)T%UZTHC vpwrtaikngEvwong - NextGenerationEU
(AplBpocEpyou EALIA.E.K.: 016258).
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OL T(POKANCELG UTIO TO KaBeoTw(
NG KALHATIKAC aAAayng

Ta peocoyelakd ddcn TeUKNG XapnAou uopEtpou, kal Wlaitepa ta
olkoouotAuata tng XaAemiou mevkng (Pinus halepensis) kal tng Tpaxeiag
tevuknC (Pinus brutia), €xouv LYNAR OLKOAOYIKI KAl KOLWVWVIKOOIKOVOULKN
aéia. ZupBdariouy ouclacTika otn dE€opeuaon AvBpaka Kal otn dlatnpnon
NG BlomotkiAoTNTaC.
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H kAwpatikn aAAayr ETLPEPEL EVIEIVOUEVECR
TIEPLOOOUC ENPaciag Kal AUEnUEVEC
Bepuokpacieg, aokwvTac coBapeg
TIEOELC 0TO LDATLKO LoOZUYLO TWV
TIEVLKOOACWYV Kal HELWVOVTAC TNV
AVOEKTLIKOTNTA TOUC.

MapdaAAnAa, n cuxvoteEPN Kal
o0dodpoTEPN EKOAAWGCN OACIKWY
TIUPKAylwyV amelAei Tn dopn, T

AELTOLPYIA Kal TN pakpoTpoBeoun

BlwoUOTNTA TWV HECOYELAKWYV
TIEUKOOACWV.

/To €pyo PineOptim aloloyel kal TtpoTeivel TTPAKTIKEC OACIKNAC Glaxsiplor]c\
TIOU evioxVUouv 1o LoolVylo vePOoU Kal avOpaka ota TTeEUKodAcn XapnAou
vop€tpou. MEow  OCUOTNUATIKAC  OLKOAOYIKAC  TapakoAouBnong,
Ttpocdlopidel BEATIOTEG TIPAKTIKEG TTOU UTIOOTNPICOVV TNV TTPOCAPHOYH TWV
OaowVv OTNV KAPJATIKA aAAayn Kal evioxUouv TO OUVAULKO TOouCg Yild
HMETPLACHO TWV ETUTTTWOEWY TNC.

To TTapOV EVIUTIO CUYKEVIPWVEL TA ETILOTNHOVIKA ATIOTEAECUATA TOU £PYOU,
TIAPEXOVTAC TEKUNPLWHEVECG Kal €HAPUOCLUEG KaTteLBLVTAPLEG 0dnyieg yla
EPELVNTEC/TPLEC KAl POLTNTEC/TPLEG, OTEAEXN XApa&éng OAOCIKAC Kal

Q‘ZQLBQN\OVHKF’]C TIOALITIKNACG KAl OlaXEIPLOTEC dacwyV oTtov OnNUoolo; KCIL/

10
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MeBodoAoyia tou PineOptim

O yevikog otdxoc tou €pyou PineOptim rjtav n mpotacn MPAaKTIKwyY
duaxeiplong mou BeAtiotomoloUVv TNV amoBnkeuvaon avOpaka Kal
TNV amodotkotnta XPnong vepol ota ddcn TeUKNG XapnAou
UYOUETPOU, UTIO TIC TPEXOUOEC KAl COVOAHEVOHEVEG KALHATIKEG
ouvOnkeg. H peBodoAoyia mepleAaupave:

;. Avamntuén evog Kowou, EVAPHOVIOHEVOU
TIPWTOKOAAOU TtapakoAovBnong.

: 2UNoynl kat avaAuocn dedopevwy
edlou OXETIKA PE TIC POEC AvBpaka Kal
vepou.

Edappoyn oe:

1. duolka daon Tpaxeiag mevkng
NéoBou: dladopeTIKA pETA-
TUPKA nAia kat EAAewpn
OLaXELPLOTIKWY ETEPPATEWV.

2. duokkd  Tmapdktlo  dAcog
XaAemiou TeULKNg otn 2Avn
XaAKOIKAG:  apaiwon  Tou
uttopodou / avwpodog dado-
PETLIKNG TTUKVOTNTAG.

3. Meplaoctikd ddoog Tpaxeiag
TeELKNG =AvOng: AladopeTIKNG
évtaong apaiwon Tou avw-
podou.

A&loAoynon tng emidpaong OAPOPETIKWY EVAAMAKTIIKWY
TPAKTIKWY  Jlaxeiplong otnv  Tapaywylkotnia Twv
olkoouotnuatwy Tpaxeiag kat XaAemiouv tevkNC.

TOU KWOUVoU &vapéng TupKayldg uto 6Lc1c|>op8m<c1

% AvATtuén POVTEAOU EKTIPNONG TNC TIAPAYWYIKOTNTACG KO
oevapLa KALHATIKAC aAAayNAC.
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MeBodoAoyia tou PineOptim

Awapkng mapakoAoVOnon oto nedio:
Xprnon atcOntnpwyv Pikpou KOoToUG
Kl EUKOANG xpriong amo un
€EELOIKEVPEVO TIPOCWTILKO Yyla TN
METPNON TNG ALENONC TWYV OEVTPWYV Kal
TWV PIKPOKALLATIKWY TIAPAPETPWY
edadoucg kat agpa.

AsiypatoAnyieg Kat HETPROELG

nediou:

- Blopetpika dedopéva yla ektipnon
Blopalwyv og avwpodo Kat
uttopodo.

- Metpnoelc pwrtoolvOeonc,
vdatikoL duvaplkoL Kat
Teplexdpevng vypaciac os BeAovec
Kal KAadiokouc.

- Metpnoelc edadikng avarmvong,
arnoclvBeong Tou daclkoL TAmNTaA
Kal cuocowpevonc Blopalag pecw
duANOTTTWONC.

MovteAonoinon:

XpnolJoTmolntnKe éva uNXavioTikO HOVIEAO TTOU
TIPOCOUOLWVEL TIG POEC AvBpaka Tou dEVTPOU Kal
TOV KivOuVvOo &vapénc mupkaylag tng cvotadac. To
HOVTEAO TPOodH0dOTNONKE e OAA TA AVWTEPW
dedopéva yla va eKTignOei n mapaywylkotnta tou
OlKOOUOTAHATOC Kal ETTAANBEVTNKE UE TIPAYHATIKA
dedopéva amod upyo Kataypadng powv dvopaka
KatvepoU. To emaAnBeupévo HovIEAD
XPNOLOTIORONKE yla TNV Ipocopoiwon tng
TIAPAYWYLKOTNTACG OLKOCUOTHHATOC KAl TOU KvdUVou
evapénc mupkayldg uTo dladopeTIKA oevapla
KALJATIKWY cuvONKWV Kat dlaxeiplong.




’ ’ aN .
Baolkeg evvoleq ¢ i
Kabapnn Mapaywywkotnta Owkoovotnuatog (Net
Ecosystem Productivity—- NEP) *

%/:EA\ H NEP ekdpdalet tnv moootnta Tou Aavbpaka TOU

deopeveTal | ekAVETAl €TNoiwg amod &va olkooloTnua,
OTwC¢ To dAooc.

Aciktng Kwvdlvou évapéng mupkaylag (Integrated Fire
Index - IFI) *

O deiktng IFl ektpda Ttov duvnTiko Kivduvo evapéng
TTUPKAYLAC pE BAON TIC MIKPOKALUATIKEC OULVONAKEC TOUL
UTtOPOPOoUL, TNV TTUKVOTNTA KL TNV TLEPLEXOHEVN LYPACIiA TNG
BAdotnong, kabwg Kal peTtewpPoAoylkoug tapdayovteg. Ot
TIHEC TOu Oeiktn Kupaivovtal armo 1 €wg 5, pe 1o 1 va
UTTOONAWVEL XAUNAO KivOUVOo €vapéng TUPKAYLAG Kat To 5
uPNAO Kivduvo. O deiktng dev adopd otn XWPLKN EEATTAWGCN
KOl KATATIOAEUNON TNC TTUPKAYLAC.

TomukA oevapla KALpatiking aAAayng

SSP2 4.5 (petplonadeg oevaplo): Edv n tpé€xouvoa tdon

avénong TNG OUYKEVIPWONG aegpiwv Ttou Begppokntiou
//jl ouvexlotel €weg 1o 2050 KAl PETPLACTEL OTN OCUVEXELQ,
tpoBAETIETAL AvOdO0(C TNC HEONC £TNolag Beppokpaciag kata
1,8 — 2,3 °C kat avénon tn¢ etnolag Bpoxomtwong kata 2 —

12 % mepimou, EWC TO TEAOC TOU alwvda.

SSP5 8.5 (duopeveég oevaplo): Edv cuvexlotel n kavon
OPUKTIWV KAUCIHWVY KAt n ouvexng avénon 1ng
OUYKEVIPWONG aegpiwv Ttou Beppokntmiou, TPORAETETAL
avodog Tng peong etnolag 6eppokpaciag kata 4,0 — 4,7 °C
Kat peiwon tng etnowag Bpoxomtwong kata 15 — 20%
TIEPITIOU, EWC TO TEAOG TOU alwva.

* Ta aroteAeouata NEP kat IFI tou mapovtog odnyou mpogpxovtal
amnd TIC TTPOCOLOIWCTEIC TOU LOVIEAOU TTOU avamtuxbnke otad
Aaiota Tou Epyou.



ATIOTEAEOHATA TIPOCOLOLWOEWV

AmoBnkeuon avbpaka & Kivduvog Evapéng Ttupkaylag
UTTO UPLOTAPEVEC CUVONKEC
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Aeiktnc Kwwduvou evapéncg upkaytdg (IFl) og 0Aeg Tig cuoTAdEC LEAETNC TOU EPYOU
PineOptim otnv EnpoBepuikn iepiodo (lovviog - ZemtePPBplog, 2013-2025) pe Baon tnv
uvdlotapevn dlaxeiplon

LES1: 20 petamuplka €tn SAN1: Xwpigeméupaon, xapunin XAN1: Xwpicapaiwon avwpodou
LES2: 46 petamuplka €tn TukvoTNTa uTtopddou & avwpoddou XAN2: Métpla apaiwaon avwpodou
LES3: 78 petamnuplka €tn SAN2: Adaipeon urtopopou XANS: loxupn apaiwon avwpopou
LES4: 92 petamuplka €tn SANS: Xwpigeméupaon, vPnAn

(Xwplc dlaxelploTIKEG EMEPPATELG) TukvoTNTa utopodou & avwpoddou




NeaBoc - ATtoTeEAECUATA TIPOCOHOLWOEWV
NEP kau IFI

(apaiwon avwpodou & KAlpatika oevapla)

N .
$ PineOptim
Optimizing € and water flaxes.
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B -20% NG KUKAIKAG eTiidpavetlag =
B Mdptupag

Exktipwpevn KaBapn Mapaywytkotnta tou oikocuothuatoc (NEP) kat Asiktng kivdUvou
evapéng mupkayldg (IFI) To 2060 os cuotadecg Tpaxeiag mevkng 46 etwv otn AéoBo, eav avti

NG vdLoTapevng EAAeldng enefaccswyv epappootei HETPLA apaiwon avwpodou
(adaipeon 20% tnG KUKAIKNG eTipavelag), e Bdon to petplomadéc (SSP2 4.5) kat to
duopeveg (SSP5 8.5) KALUATIKO oevapLo.

SSP2 4.5 2060 SSP5 8.5 2060

10 LES3:
L, $ ° 70 petanupika €In

SSP24.5 2060 SSP5 8.5 2060

LT IER

E - 40% TtNng KUKALKNG eTdavelag
B Maptupag
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1IF1 louviou - ZemtepBpiov

NEP(gC m* year ')

Exktipwpevn Kabapn Mapaywytkotnta tou oikocuothpatoc (NEP) kat Asiktng kivdUvou
evapéng upkaylag (IFl) to 2060 oe cuotadecg Tpaxeiag evkng 70 epimou eTwv otn Aécfo,

€av avti tng udlotapevng EAAePng emepBacswv epappoaotei LOXUpN apaiwon
avwpodou (adaipeon 40% tng KUKALKAG emidpavelag), Ue Baon to petplomtabeg (SSP2 4.5)
Kat to duopeveg (SSP5 8.5) kKAlpatiko cevaplo.

2T1¢ ovotadec peAetng tng Aéopou:

v' kalota dU0 KALPATIKA OEVAPLA, N HETPLA apaiwon o€ nAkia 45
TIEPITTIOU ETWV EVIOXVEL TNV AVTLTTUPLKA TIPOOTACIiA XWpPic va
ETOPA apvNTIKA ot dEopevon avbpaka.

v' noxupn apaiwon og nAkia repimou 70 eTwv avédvet
HakpoTpoBeopa tn 0Eopeuon AvBpaka Katd epimou 25% Kat
TIAPAAANAQ HELWVEL TOV KivOUVO Evapéng TupKayLag Katd Tepimou
8% (MEoOL OpOoL KAl YLIa TA OVO KALUATIKA osvapla).



>avn, XaAk1dkn - AttoteAeopata

nipocopotwoewv NEP kau IFI
(adaipeon utopoPou & KApaATKa oevapla)
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E - 50% tou uttopoHou
B Mdptupag
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IIFI louviou - ZemteuBpiov

Extipwpevn Kabapn Mapaywylkotnta tou olkoouothuatoc (NEP) kat Asiktng kivdlvou
evapéng mupkayldg (IFl) to 2060 oe cuotadeg XAAETOU TTEVKNG 0T 2Aavn XaAKIOIKNAG, €AV N

adaipeon tov utopodou kata 50% edpappooctei o cLuoTAdEC pe XaunAn R vPnAn
TUKVOTNTA avwpPodou Kat uttopodou, e BAcon To HeTploTabeg (SSP2 4.5) Kal To SUCHEVEG
(SSP5 8.5) KAlpatikod oevaplo.

2TI¢ ouoTAdEeC HEAETNC OTN ZAvn XAAKIOIKAG

- M€ XaMNAR TIUKVOTHTA UTtopOdou Kat avwpodou, n amopdkpuvon

10U 50% TOUL UTTIOPOHOUL avapEVETAL VA 00NYAOEL OFE:

v' peiwon e amobrikeuonc avpaka katd mepimou 30% (oot
OpPOC Kal yla Ta U0 KALPATIKA osvapLa).

v' avénon tou KvdUVoU EVapENG TIUPKAYLAC KAtd 5% Tepimou

(uEoOG OpoC Kat yla ta dVOo KAlATIKA oevapLa).

- Mg LPNAR TIUKVOTNTA UTIOPOPOU Kat avwpodou, n ATToPAKPUVON

ToUu 50% ToUL UTtIOPOGOL avapEveTaL va 00NYNOEL OE:

V' peiwon e d€opeuonc avBpaka Kkatd 25% Tepimnou (HEcoC Opog
Kal yia Ta OU0 KAATIKA oevapla).

v peiwon tou KvdUvou Evapéne TupKayLag Kata 5% mepimou
(neoog Opoc Kat yla ta dVOo KAlATIKA oevapla).



=Aven - ATtoteAEopATA TIPOCOUOLWOEWVY
NEP kau IFI

(apaiwon avwpodou & KAlatika oevapla)
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B Maptupag

Extipwpevn KaBapn Mapaywyikétnta tov oikocuotnpatog (NEP) kat Agiktng kivdluvou
évapéncg mupkayldg (IFI) To 2060 os cuotadecg Tpaxeiag meVKNG otny Zaven, eav
epappooctei apaiwon katd 40% ce cuotada Xwpig mponyolpevn apaiwaon (XAN1) i

Katd 20 % ce cvuoTtada ou TPty 10 £1n eixe utootel apaiwon kata 40% (XANS3), pe
Baon to petplomtabec (SSP2 4.5) kal to ducpeveg (SSP5 8.5) KAlUATIKO oevapLo.

2TIC OUOTAdEG PEAETNG OTnNV =AvOn, opoiwg Kat ota dU0 KAPATIKA

oevapla:

- n wxven apaiwon touv avwpodou pe adaipeon tov 40% Tng

KUKALKNG eTiipavelag (o€ cuotada Xwpig tponyovpevn apaiwan)

avapevetatva odnynoeL o€:

v\ pkpn avénon e arodrkeuong avepaka (Tepimou 3% Katd HECO
0pO yla Ta AU0 KALUATIKA oevapla).

v\ kapia peTaBoAr Tou KvdUvou Evapénc TIUPKAyLAc.

- n emavaAnyn g apaiwong tov avwpodou, £0Tw Kal HETPLA
(20% 1tng KUKAWKAG eTiidpaverlag), o draotnua 10 eTwv, avapsvetatl
va odnynoeL oe:

v\ peiwon e amoBrikeuonc avepaka.

v\ Un onUAavtikn HETABoAr] Tou KIvdUVoU £VapENG TTUPKAYLAG.



BEATIOTEG TIPAKTLKEG

(e ovoTtAdeg MELKNC XAKNAOU LY OUETPOU TIOU
TIPOKUTITOLV aTto GUGCLKA avayevvnon HETA amno
TTupKayld, Xwpig SLaxelPLOTIKEG EMEPPBATELR)

A q
AT PineOptim

Mpotewodpeveg BEATIOTEG SLAXELPLOTIKEG TTPAKTLKEG yla av&non tng
anobnkevong avOpaka Kkal MHeiwon Tou KwdUvou Evapéng

TUPKaylag:

> Métpleg apatwoelg (Ewg 20% tng KUKALIKAG emtipavelag) peta&u 20
Kat 40 eTwyv, KUPIWC yla peiwon Tou avtaywviopoL Kal avénon tng
QVTUTUPLKAG TtpooTaaciag.

> loxupég e€euyevioTikEG apalwoelg (Ewg 40% TNG KUKALWKAG
empavelag) Hetd ta 45 £€tn Kat to apyotepo ota 70 mepimou £1n,
yla TNV £yKATAOTACH AUTOX00ovwV TAATUPUAAWY £LOWV.

> Avayevvntikeg VAotopieg pyeta ta 70 £€tn yia $uolki avaygvvnon
TWV CUCTAdWV.

2nueiwan: Ot TPOTATELC LOXUOUV UE TNV MPOUTTO6ean OTL Ot cUOTAOEC
nmpoaotatevovtatl ano tn fooknaon.

LES3: 78 petamuptkd £In LES4: 92 pstanupikd £1n



BEATIOTEC TIPAKTIKEC

(Ze puoika tapaktia ddon Tevkng, 6Tou epappoletal
adaipeon Tou VTTOPOPOU AsLPUAAWY TTAATUGUAAWYV yLa
QVTUTUPLKN TtpooTtacia)

aN .
AT PineOptim
Optimizing C and waer s

Mpotewvopeveg BEATLOTEG DLAXELPLOTIKEG TIPAKTLKEG yLa avénon tng
arnobnkevong avOpaka Kat Meiwon Tou Kwduvou Evapéng
TUPKAYLAG:

> H adaipeon tou umopodou va pnv &mepva to 50% NG
edadokaluPng tou umopodou, KaBwg ULVYNAOTEPO TOCOCTO
odnyel og Loxupn peiwon tou duvapikov amobnkeuong avbpaka.

» Zg ouotadeg pe apald avwpodo va anodpelyeTal n apaiwaon
utopodou kKata 50%, Kabwe n TPAKTIKA AUTA €KTOC TNC HeElwong
TNC TTAPAYWYIKOTNTAC TOU OLKOCOUOTHHATOC 0dnyel Kal oe avénon
TOU KWOUVOU €vapéng Tupkaylag Aoyw  HETABOANC TOU
HIKPOKAIpATOG.

» Texvntn avadacwaorn P TeVKn (Ao omEpUATa TNE TEPLOXNG), OTIOU
n ¢uolkn avaysvvnon eivat xapnAn, AOyw aviiéowv KAPATIKWY
ouvOnNKwWv.

SAN1:
XwpigemepBaon, xapnAn
TTIUKVOTNTA UTTOPOPOUL Kal

avwpodou SAN2:

Adaipeon vtopodpou

SANS:
XwplicemepyBaon, uPnAn
TTIUKVOTNTA UTIOPODOU Kal

avwpodou



BEATIOTECG TIPAKTLKEG

(Ze dlaxelpllopeva ePLAOTIKA dAoN TLEVKNG TIOU £XOULV
TIPoEABEL amto puTteLOELG, OTIOU €ixe NON epappooTel
HETPLA N EVIOVN apaiwaon Tou avwpodou)

aN .
AT PineOptim
Optimizing C and waer s

Mpotewvopeveg BEATIOTEG SLAXELPLOTIKEG TTPAKTIKEG yia avénon
NG amodnkevong avbpaka Kat Heiwon tTou Kvduvou €vapéng
TUPKAaYLAg:

> loxupég apawwoelg (40% TtNG KUKAIKKAG emipdAvelag Tou
avwpooou), kabwg n avdamtuén umopodou autoxbovwy
GUAOBOAWY TAATUGUAAWY audvel TNV TIAPAYWYLKOTNTA TOU
O0lKOCUOTAMATOG, apa Kal Tnv arnobnkeuvon avlpaka, xwpig va
au&Avel Tov Kivouvo Evapéng upKaytag.

» OuL apawocelg dev 0a mpemel va emavadapypfavovrat oce
diactnpa Hikpotepo Twyv 10 eTwv.

» TeAlkog otoxog Ba mpemel va eivat n GuoLK avayevvnon Tou
ddooug Kat n dnuoupyia dacoug MAATUGUAAWY 1 HELKTOU
ddcoug MAaTUPUAAWY — KWVOoPOpWYV, avaloyd HE TLG TOTILKEG
GUVONKeG.
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XAN1:
Xwpicapaiwon Méetpla apaiwon loxupn apaiwon
avwpodou avwpodpou avwpodpou




2uvouyn A\ pasopin

Ta peooyelakd ddon mevKNg Bpiokovtal uToO auvéavopevn Tieon,
KaBwg N KAlATIkn aAAayn evieivel TI¢ EnpoBepPHIKEG CLUVONKEG KAl TN
ouxVOTNTA Kal €vtacn Twyv daclkwy Tupkaywwy. Ta amoteAcopata
Tou £pyou PineOptim deixvouv 0Tt N cuPBOAR TWV OLKOCUCTNHATWY
QUTWV OTOV METPLACOHO TWV ETUMTWOEWYV TNC KAPATIKNG
aMayng emnpeddetat  Kaboplotika amo TG €PpappolOPEVER
OLOXELPLOTIKEG TIPAKTLKEG.

H diaxeiplon Twv pecoyelakwy dacwy TeVKNE XapnAoL vouETPOU
Oev Ba TIPETEL VA OTOXEVEL HOVOUEPWC OTNV AVILTTUPLKN Ttpootacia
N otnv amoBbrnkeucon avbpaka, aAd otnv looppomia HpeTagL
TMAPAYWYLKOTNTAG OLKOGUOTHHATOC, AVILTUPLKNG Tpootaciag Kal
Hakpoxpoviag Buwopotntag. Mua oAoKANpwHEVN TPOCEYYLoN,
TTou Bacidetal oe cuvduaotikn a§loAoynon dektwy, ontwg ot NEP
kat IFl, kat ™ xpnRon HMoviEAwv, uTmootnpidet TN AAYN
TEKUNPLWHEVWY ATtoPACEWY YLa TN HAKPOXPOVLA BLWolPOTNTA TWV
HECOYELOKWY dAcWYV TELKNG XapnAoU uoPETPOU.

Ta MpwTtokoAAa tapakoAovBnong tou avarttuxbnkav (Eleftheriadou
et al., 2026), kaBwcg Kal ol TIPOTEWVOUEVEC BEATIOTEG TIPAKTIKEC, Ol
oTtoileg TPOKUTITOUV ato to €pyo PineOptim amoteAouv €va mAaiclo
UTTOOTAPLENG YA TNV TPOCAPHOCHEVN OTNV KALPATIKA aAdayn
dlaxeiplon TwWvV HECOYELAKWY dACWV TIEVKNGE XAKNAOU UYOUETPOU.

Anatteital TPoocappooHEVN 0TV KALHATIKA aAAayn dtaxeipion

HE XPROoN KATAAANAWY SEIKTWYV Kal HOVIEAWV Kal TRV UAoTmoinon

oUYXPOVWYV SLAXELPLOTIKWY HEAETWV.

Eleftheriadou, N., Mantzari, E. D., Kiorapostolou, N., Sazeides, C. I., Xanthopoulos,
G., Markos, N., Spyroglou, G., Bintsi-Frantzi, E., Gouvas, A., Dimitrakopoulos, P. G.,
Fotelli, M. N., Radoglou, K., & Fyllas, N. M. (2026). An Integrated Monitoring Protocol
to Study the Effects of Management on the C Sequestration Potential of
Mediterranean  Pine  Ecosystems. Methods and Protocols, 9(1), 118.
https://doi.org/10.3390/mps9010018






Alaxeipton twv Meooyetakwyv dacwyv meUKnNE yla
aptatortoinan tou tooluyiou dvBpaka kat vepou
uTto TNV KAatikn aidayn
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Tunua Aacoloyiag kat Tunua MNepBaiiovrog IvotitoUto Aacikwy
Awaxeipiong Epeuvwyv
MepBaiiovrog Kat

duokwy Mopwv

2adeidng, X., Kiopamootoérou, N., EAeuvBepladou, N., Mavtlapn, E., ZavBoémoulog,
., Mnivton-®pavtdn, E., NkouBag, A., Zuvodvog A.-A. ®UAAag, N., PwTteMn, M.,
Anuntpakomoulog, M., ZmupoyAou, ., Mdapkog, N., MAAwog, H., Kitikidou, K., &
PadoyAou, K. (2025). BEATIOTEC MPAKTIKEG yia T OlAxXEiplon TwWV HUECOYEIAKWY
meukodaowy xapnAoU UWoUETPOU yla aptatoroinan tou tooluyiou dvBpaka Kat
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https://pineoptim.fmenr.duth.gr/
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