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ExecutiveSummary

DeliverableD2.3, * & | Bepérton CapacityBuildingMaterialand ~ $] A ] $¢utlidesthe processusedto developthe
first batchof capacitybuildingmaterialfor the innovationsselectedby project stakeholdersasthe mostrelevantfrom
atotal of 175innovationscollectedwithin the project'sframework.Thedocumentprovidesa detailedoverviewof the
created material, including technicalinformation (length, publication channel,languagesof publication, etc.) and
content details (i.e., overview of the innovation). Additionally,D2.3 presentsthe disseminationapproachfor each
createdmaterialandthe methodologythat will be usedto evaluatethe uptakeandimpactof thesematerial.
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1. Introduction

Themaingoalof the FOREST4Klojectis to effectivelyshare at the Europearievel, usefuland easyto-understand
knowledgefor the forestry and agroforestrysectors. Tothis end, the project identified and collectedbest practices
andinnovationsdevelopedoy forestry andagroforestryEIRAGRDperationalGroups(OGs)Byfacilitatingknowledge
exchange,the project seeksto promote sustainabilityin forestry and agroforestry across Europe through the
implementation various innovations and new businessmodels and the adoption of climate changeresilience
measures.Moreover, through knowledgetransfer activities, FOREST4Ethvisionto favour the formation of new
alliancesof farmers, foresters, policy makers, practitioners and other relevant stakeholdersin the forestry and
agroforestrysectorsin Europe.

Tofavourthe transferand disseminationof innovationsand good practicesdevelopedby EPIAGRIOGsto relevant
stakeholderdrom Europearcountriesit is essentiako rely on high-quality multi-languagecapacitybuildingmaterial.
The disseminationof highrquality capacity building material is key as they can contribute to increasethe local
knowledgeand skillsandimprovethe quality of the practicesappliedin the forestry and agroforestrysectors by the
local stakeholderspromoting sustainability supportingpolicy implementation,empoweringcommunities,fostering
innovation,andaddressingnvironmentalchallengesln this context, it isevidentthat the creationof capacitybuilding
materialbasedon innovationsand good practicesdevelopedfor the forest and agroforestrysectorcancontribute to
buildinga more resilientand sustainablguture in Europe.

In order to facilitate the disseminationof practical knowledge and innovations acrossEuropeancountries and
contribute to the exchangeand collaborationbetweenrelevantstakeholdersthe FOREST4Hoject collectedand
systematizedl75 innovationsdevelopedby 86 EPIAGRIOGsfrom Portugal,Spain,France,ltaly, Slovenia,Latvia,
Austria,Germany,The Netherlands,and Swedenby contactingthe coordinatorof the OGs.Theseinnovationswere
assignedo one of the 5 different ITHubsiTHubl1: wood mobilization, THub2: Adaptationto climatechange | THub
3: Sustainableforest managementand ecosystemservices,ITHub 4: Nonwood forest products and ITHub 5:
Agroforestry.

Themaingoalof D.2.3* & | Bepérton CapacityBuildingMaterialand  §] A ] §§to presentathoroughoverviewof

capacitybuilding material created by the FOREST4Ebfoject partners. Thesematerials cover the most relevant
innovationsand good practicesdevelopedby OGs in the forestry and agroforestrysectors.Thereport alsooutlines
the strategiesfor developingthe material includingthe formats,languagesand channelghat will be usedto convey
themto targetedaudiencesacrossEurope.

In the upcomingsections,we outline the selectionprocessfor identifying the most relevantinnovationsfor which
capacitybuilding material were created. We also detail the partnersresponsiblefor eachmaterial and provide an
overviewof the material,includingthe nameof the innovation,format, languageand other relevantcharacteristics.

2. Objectivesof the CapacityBuildingMaterial

Themaingoalof the capacitybuildingmaterialcreatedin the frameworkof FOREST4E&to contributeto the transfer
of information and knowledge on best practicesand innovations developed by EIRAGRIOGsin forestry and
agroforestryacrossborders.Thematerialcreated suchasvideosandarticles,will presentthe innovationsdeveloped
by OGgo addresshe needsand challengesdentified by practitioners.

3. Selectionof innovationsand identification of channelsand target
audiences for the capacitybuilding material

In the framework of the FOREST4Hdoject, 175 innovationswere collectedin WP1 (lead by S2i) However,due to
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the limited time andresourcesavailable jt becameimperativethe identification of the mostrelevantinnovationsfor

eachproject partner country (Portugal,Spain,France Jtaly, SlovenialLatvig Germany Finlandand Croatia) Tothis
end, a three stepsevaluationprocesswasimplemented(Milestone4). Thisprocessinvolvedassessinghe collected
innovationsandgoodpracticesthroughinput from variousstakeholdersincludingl) project partners,2) experts,and
3) local stakeholder.Moreover, preferred channelsand formats where also identified and evaluatedin this same
process.Thefirst two steps(i.e. consultationwith project partnersand experts)were done online andresultedin a
reducedlist with the 10 more relevantinnovationsper ITHuband country. Then,this reducedlist of 10 innovations
per ITHuband countrywasevaluatedby relevantlocal stakeholdersn nationalprioritization workshopsorganizedn

Italy, SpainPortugal France Slovenialatvia,GermanyFinland and CroatiabetweenFebruaryand April2024.During
these workshops,the 5 most relevant innovations and good practicesper ITHuband country were identified.

Additionally,for eachinnovation, the stakeholderssuggesteda preferred format, channel,and target audienceto

conveythe capacitybuildingmaterialto be developedfor eachinnovation.

Theresultsof eachnationalprioritizationworkshopwere combined andthe 59 mostrelevantinnovationsdistributed
acrossthe 5 ITHubswere identified. These59 innovationswere distributed by the WP2leader (EFI)n three batches
of capacitybuildingmaterialto be producedby the project partnershetweenMay 2024and August2025.

Thetotal number of innovationsassignedo eachbatch varied (21 innovationsin the first batch, 22 in the second
batch,and 16 in the third batch). Similarly,the number of innovationsbelongingto eachITHubvaried, but all the
ITHubsvere more or lessevenlyrepresented Tablel). The innovationsfor whichcapacitybuildingmaterialwere and
will be developedcoverawide rangeof different typesof innovations(Table2, Table3, and Table4).

d oiW Epu E }( % 15C puplo JvP u 8 ] o 8}Jv ZE/d5p (}E JvVv}A Y}ve

ITHub Number of innovationsto create capacity
Number ITHubname building material

ITHubl Woodmobilization 11
ITHub2 Forestadaptationto climatechange 9

Sustainabldorestmanagementnd

ITHub3 ecosystenservices 13
ITHub4 Nonwood forest products 13
ITHub5 Agroforestry 13

d oifWV}A Ywe § (JE §Z .E+S 35 Z}( % A3C plo]JvP u 8 E] o

ITHub Innovation name

ITHubl CreatingYourOwn EstatePlanViaTheOnlinePortal(MojGozdar)

ITHUbL Softwarefor mobilisationand efficient useof resourcesnvolvedin transportationof timber from
forestto destinationlocation

ITHubl LVL(LaminatedveneerLumber)of fagussilvatica

ITHubl Prefabricatedmodularconstructionsystemmadefrom Normandyhardwoods
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ITHub2 Educationamodule'foresters,it's your turn to play"

ITHub2 UAVandmultispectralcamerato mapstressedorestarea

ITHub2 The"sustainablebeeforest” conceptandimplementation(Bienenwaldl (beeforest))
ITHub2 GeosubeifTool- Monitorizationof the vitality of cork oak stands

ITHub2 Courseon Glsand RemoteSensingdatato monitor forestecosystem

ITHub3 Carbonaccountingfor PES

Developinga NovelMartelloscopefor Assessin@iodiversityand GrowingStockVolumewith the
ITHub3 Aid of a Digital Twin.

Communityforestarrangementasidealinstancefor the realizationof the profit-sharingmodel of

ITHUBS PRIFORMARTroject

ITHub4 Establishinghew businessnodelswith NWFP

THUb4 Geolocatiorand monitoring of animalsto identify possibleincidentsandimprovethe management
of animalsand pastures

ITHub4 BiologicalTreatmentof cancerchestnut(Cryphonectrigparasiticg in Portugal

ITHub4 Mobile kiln prototype for localbiocharproduction

Criteriaandindicatorsfor the certificationof the sustainablenanagemenof an agroforestry
ITHub5 systemPEFC

ITHub5 Newandinnovativecultivationmethodsof highlyproductiveapplesadaptedto northern climates

ITHUDS Reviewassessethe state of the art regardingthe useof livestockfor ecosystemmanagemenin
Mediterraneanlandscapes

ITHUbS Increaseandtransferknowledgeto producersaboutthe naturalregenerationprocesse®f cork
oaksandholm oaksin agroforestry systemsn Alentejoregion,Portugal.

ITHUbS Developmenbf anautonomousanddigitalizedfeedingsystemfor pigsof the Celtictrunk in

Atlanticdeciduousforests

* Thefirst batchof capacitybuildingmaterialfinally included18 different items (seedetailsin section5).
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ITHub Innovation name
ITHubl UAVto mapgrowingstockvolumefor sharingforestmanagemenplan
ITHubl Onlinetool for quality classificatiorof round-wood

ITHubl A Systenfor QualityAssessmenof ForestryContractors

Standardizatiorof availableforest data: the first stepto supportwood mobilization

ITHub1 in FriuliVeneziaGiulia
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ITHubl Di-GozdDigitalForestinventory- Mobile app (DFGozd)

ITHubl Web-baseddue diligenceandtraceabilitysystemfor foresttimber assortments

ITHubl GrowingStockVolumeMap to supportforestoperationplanning

ITHUb2 Chestnutforestsmanagementor quality productsand promote Csequestration
(CASTANLO)

ITHUb2 Bioclimsola decisionsupportsystemintegratingfuture climateandground
conditions

ITHUb2 Applicationof SlideforMapfor the hydrologicakiskassessmenin sustainable

managedorests

ITHub3 EfficientSamplingMethodologyfor CalculatingSoilCarbonCredits(CO2MARCHE)
ITHub3 Biomassaccountingfor Sustainabld-orestManagementPlans

Supportmulti-object forest managemenplansthrough easyaccessnformation

'THUB3 | GOPRI.FOR.MAN)
ITHub4 Identificationof compoundsof industrialinterest
ITHUb4 Endotherapidreatmentswith Trichodermaspp.to control fungaldiseasesn

chestnutgroves

ITHub4 ResinDataObservatory
ITHub4 Valorizationof a neglectedplant
ITHub4 Diversificatiorof ediblewild mushroomcultivationwith new native species

ITHub4 Valorizationof a neglectedplant

ITHub5 Newmanagemenpracticesin rainfedolive groves
ITHub5 Areshortrotation coppicea solutionin future regionalbiorefinerie®

Afeasiblestep-by-step planwith practicalguidelinesand concretedesigngo

ITHubS o
enablethe applicationof agroforestryon farms

d odWVvIA Y}lve e 0 8§ (J&E 8Z SZ]E §Z3}( % ]15C pnloJvP u s E] o

ITHub Innovation name
ITHub2 Participativesimulationgame"FosterForest"
ITHub3 DecisionaBupportSystemo supportthe revisionof forestmanagemenplans
ITHUb3 Vigil'encreParticipatorysciencetool for epidemiologicakurveillanceof chestnut
ink
Technologyat the serviceof forest renewal- mappingwith droneand GPSo stake
ITHub3
out the stand(PIF)
ITHUb3 GroupCertificationfor Sustainabld-orestManagementPromotingShared~orest

Managementand Ecosystenserviceg€nhancement
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ITHub3 Indexof BiodiversityPotential(IBP):a practicaltool for forestmanagers

A UserFriendlyPlatformfor Bridgingthe GapbetweenCarbonCreditDemandand
Supply.
ITHub3 TheARCHImethod: atool for diagnosinghe vitality of trees

ITHub3

ITHub4 TheBurgundytruffle, a quality productwith highaddedvalue
ITHub4 Postharvestcotingsfrom mushroomby products

ITHub4 Valuatethe traditional chestnutsproduction

Evaluatiorof the impactof different grazingntensitiesof Maremmacattle on the
ITHub5 componentsof the agroecosystensoil, tree vegetation(structure,natural
regenerationandbiodiversity)

ITHub5 Useof Keylinefor plantingcork oaksandholm oaksin agroforestry systems
ITHub5 NPEI(TE o5E @lptwork

Practitioneroriented consultingfor agroforestrysystemsn Austria(Agroforstin

ITHUBS Osterreich)

ITHub5 Localdensifiedlogindustry

Forthe abovelisted innovations magazinearticles, technicalreports or videoswere and will be producedasthey
were the preferredformatsindicatedby the stakeholdersduringthe prioritization workshops Moreover, the target
audienceis specificfor eachcapacitybuildingmaterial It includes forest owners, forest managersfarmers, public
administration policymakers forestryadvisorsandmanagersstudents etc. (seedetailsof format, channelandtarget
audiencein Deliverable2.1 ~ ] planfor capacitybuildingmaterialand 3]A]8] «_«X

4. Capacitybuilding material developmentprocess

DuringMay 2024, the FOREST4Hartnersinvolvedin the five ITHUbgGISANSUBL.LACESEFORNPFUNIFILWF,
CEKOMSOLUTOPUSEFI,FC.IDBOSCAT USC)developedthe capacitybuilding material following the strategy
proposedinD2.1~  §] phanfor capacitybuildingmaterialand ~ §] A ] 3Aceordngo this actionplan, eachpartner
was assignedwith two capacitybuilding material exceptthe partnersfrom Spain(BOSCATCESEFG&d USChand
Portugal(ANSUBSOLUTOPUsd FC.IDYo whom only one capacitybuilding material was assignedn the caseof
Spainand Portugal the effort wassharedamongthe three partnersfrom the country.

Forthe first batch of capacitybuildingmaterial,eachpartner with two innovationsassignedvasinstructedto create
one comprehensivélong)capacitybuildingmaterialfor one of the innovationsandone shortermaterialfor the other
innovation.

&YE §Z .E+5 & ZW0 |%P USEAB] pr € vE + v E]}r A & EAJeljyd ~ 3]}v
%0 vV (JE % ]35C plo JvP u 8 E] o v 3] Arllg dne seeharipAvah a@plied] follvsE 3]

To develop the capacity building material thartnersinterested in one innovation were given two distinctive roles:
X > JVP % ESv EW dZ % ESv E 3} AZ] ZUSZ ]| AR vHA} We]VOA (& ] RV 0}

% ]13G¢Go JvP u § E] o ]Jv ]S 0} oo vPpu P v vVvPo0]ezZX
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5. Descriptionof the CapacityBuilding Material

Thefirst batch of capacitybuilding material developedfor the FOREST4BWoject included 18 different items (3

technical reports, 9 articles, and 6 videos). One additional material for the innovation ~/v (& amd transfer
knowledgeto producersaboutthe naturalregenerationprocesse®f corkoaksandholm oaksin agroforestrysystems
in the Alentejoregion, W } (E § wBsdeveloped,but the OGcoordinatorwithdrew authorizationfor FOREST4EU

disseminateit. Additionally,two additionalvideosassignedo the partners (CNPFand FC.ID)were delayeddue to

coordinationissues preventingits inclusionin the first batch. Thesevideos will be includedin the secondbatch of

capacitybuildingmaterial.

Forthe first batch of capacitybuilding material different types of material were developed.Thetechnicalreports,
journal or magazinearticlesandthe videoswere donefollowingthe recommendationsncludedin the Annexof D2.1
A §]planfor capacitybuilding material and activitiesand selectedformats, channelsand practicalknowledgeto
be transferredas capacitybuildingat national o A Im alKcasesthe material was producedin the languageof the

partnerthat producedthe capacitybuildingmaterialandin Englishbeinglater translatedinto other languages.

Belowa detaileddescriptionof the capacitybuildingmaterialcreatedby the FOREST4Rartnerscanbe found. This
includesa brief descriptionof eachinnovation, the type of capacitybuilding material created the dissemination
channelsselectedor directlinksto the material,andinformation aboutthe languageselectedfor translation

TechnicaReports

The technical reports are intended to be comprehensiveand formal materiak designedto present technical
information in a clearand accessiblevay. Typically they are dividedinto sections,enablingreadersto easilyaccess
variouspartsof the information.

Thetechnicalreportsdevelopedn the frameworkof the FORESET4Btbjectwere formatted into alayoutdeveloped
by the leaderof WP4 ‘communicationdisseminatiorand A %o 0 } ] YE3 Nrhorencg to highlightthe %o E } i visiiik
identity (Fgure1l).

Thetechnicalreports were publishedon the FOREST4E\¢bsitein a sectionespeciallydevotedto all capacitybuilding
material named “Capacitybuilding material _under the drop-down option ~Z <} p E inethe project website
(https://www.forest4eu.eu/ ). Additionally,the reports will be madeavailableon the EUFarmBookplatform, along
with the factsheetddevelopedn Taskl.3for eachinnovationaspart of WP1 t CollectionPreparationand Translation
of PracticaKnowledgdrom Forestand AgroforestryEIRAGRDperationalGroups(Leadby S2i).
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Belowthere isa brief oveniew of the charactersticsof the three technicalreports createdfor selectedinnovations.
iX/vv}A Y}v Y& W JuvYVvP (JE W 7

Summaryof the innovation: Italian Operationalgroup GO.FOR.TRA@GBvelopeda decisionsupportsystemto map
forest resources.Besidesbeing the sourceof natural raw material, forests provide additional services,including
habitats for biodiversity, purifying water, and regulatingfloods, carbon sequestration,provisionof coolingeffects,
sourceof food, transitionto a circularbioeconomyandbenefitsto the overallsocietyhealth. However the economic
aspectof sustainableforest managementplaysa crucialrole in preservingrural areasthrough supportto forest
ecosystenservicedy developingmethodsfor quantifyingtheseecosystenservices.
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The latest information on the developmentof the carbon market and standardisedmethodologiesfor accurate
guantificationof carbon,or on the preciseassessmentdf biomassand the identification of varioustypes of forests,
can be found on the following website https://www.innovarurale.it/it/pei-agri/gruppioperativi/bancadatigo-
pei/sviluppadi-un-sistemadi-supporto-decisionalda or could be obtained from Francesca Giannetti
(francesca.giannetti@unifi.it)

Title technicalreport: Quantificationof CarbonStockin Sustainabld-orestManagementPlan
Length:29 pages

Link to technical report (Englsh): https://www.forest4eu.eu/wp-content/uploads/2024/06/GIS_Quantificatient-
CarbonStock _eng.pdf

Linkto technicalreport (Slovenian)https://www.forest4eu.eu/wp-content/uploads/2024/06/GIS _Quantificatieni-
CarbonStock_Slo.pdf

Link to technical report (Portuguese): https://www.forest4eu.eu/wp
content/uploads/2024/06/PORT Quantificatiai-CarbonrStockin-SustainibleForestManagmentPlan.pdf

Linkto technicalreport (Croatian):https://www.forest4eu.eu/wp-content/uploads/2024/06/CRO_Quantificatienf-
CarbonStockin-SustainibleForestManagmentPlan.pdf

Otherlanguagedo be translated: Latvian

TIX/VVIA YIVWENR] A oo oo e 57 ¢35 35 }(8Z &S E P E JvP 8Z pe }( o]A
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Summary of the innovation: In the Mediterranean basin, the structure and speciescomposition of traditional

landscapehavehistoricallybeenshapedand maintainedby humandrivendisturbancessuchasextensivelivestock
grazing.Thecessationof theseactivities,which havepartially replacedthe role of natural disturbancesmayleadto

vegetation overgrowth and biomass accumulation,with potential adverse impacts on biodiversity, ecosystem
functions and services.This review assesseghe state of the art regardingthe use of livestock for ecosystem
managemenin Mediterraneanlandscapeslt examineshe associatiorbetweenthe regimeand duration of grazing
interventionsand their reported effects on ecosystemsWildfire prevention and biomasscontrol, biodiversityand

habitat conservatiorand the regulationof soil quality are the main reasonsfor the useof grazinginterventions.The
resultsof thisreviewsuggesthat the useof domesticherbivoresin ecosystemmanagementancontributeto wildfire

prevention and biomasscontrol, with these positive effects fading awayin long-term grazinginterventions. Goats
seemto perform better than cattle for biomasscontrol. https://www.unac.pt/index.php/idi/grupos-operacionais
accaol-1-pdr2020/silvpasimplementacaecusto-eficiente de-mosaicossilvo-pastorisde-carvalhenegral, contact:

nuno.rodrigues@terraprima.pt

Title technicalreport: Reviewassessethe state of the art regardingthe useof livestockfor ecosystenmanagement
in Mediterraneanlandscapes

Link to technical report (Englsh): https://www.forest4eu.eu/wp-content/uploads/2024/06/ANSUB _ecosystem
managemenin-Mediterraneanlandscapes_eng.pdf

Linkto technicalreport (Portuguese):https://www.forest4eu.eu/wp-content/uploads/2024/06/ANSUB _ecosystem
managemenin-Mediterraneanlandscapes_port.pdf

Otherlanguagedo be translated: Spanish
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Summaryof the innovation: Softwarefor mobilisationand efficient use of resourcesinvolvedin transportation of

timber from forest to destinationlocations- processindacilities,seaportetc. The software allowsforest owners to

estimate and map the amount of timber availablein the different forest[ docations. Thissoftware tool solvesthe

complexlogisticproblemthat is to transport numerousdifferent kindsof timber from different locationsto multiple

destinations.Theprovidedsolutionis a databasethat is accessiblen-line to all involvedpartiesover GSMnetwork.

Thefirstinput isdonebyfilling a survey then actualdimensionsandnumberof treesto be cutted isadded nextinput

is made by transporter who deliverscut timber from forest to a stackon roadsidestack.Detailedamountsof each
assortmentand GPSocationon the map of eachstackbecomesknown. Customersnput requestsspecifyinghe type

of timber, quantities, and delivery locations. Dispatchersaccessa databaseof availabletransportation resources,
which includes detailed technical capabilities provided by truck owners. The dispatcherthen plans the most

economicalroutes and tasksfor eachtruck, issuesthe necessarydocumentation,and electronicallysendsit to the

truck drivers.Thetruck driverupdatesthe statusof the load by recordingthe quantitiesof eachtype of timberloaded.
A final update is made after unloadingthe timber at the final destination. For more information, contact Guntars
Reinfeldqguntars.reinfelds@selflogistic.l@y NormundsKrumins(n.krumins@gmail.com).

Title technical report: WOODLSoftware for mobilisation and efficient use of resources involved in transportation of
timber from forest todestination location

Link to technical report (Englsh): https://www.forest4eu.eu/wp-content/uploads/2024/06/LLA _Softwater-
mobilisation_eng.pdf

Link to technical report (Latvian) https://www.forest4eu.eu/wp-content/uploads/2024/06/LLA _Softwarkor-
mobilisation_Latv.pdf

Otherlanguagedo be translated: German

Videos

Videoswere createdas capacitybuilding material asthey are often chosenamongthe possibleformats sincethey
offer anengagingand dynamicway to conveycomplexinformation, makinglearningmore accessiblendenjoyable.
Videosare an efficient way to visually convey processesand techniques,show reaHife examples,and facilitate
understandinghroughthe visualandauditoryrepresentationof the information. Theysupportvariouslearningstyles
andcanbe accesseat anytime, allowingfor flexible,selfpacedlearning.

Thevideosdevelopedin the framework of the project were tailored to the information about the innovationthat
needed to be presented. However, all of them included a layout developed by the WP4 ~ }uupv] S]}vU
disseminatiorand /& %o 0 } ] Se&dgrETAFlorenc@ to highlightthe %o (E } i vistifkdentity (Figire 2).
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Theproducedvideoswere publishedin section # %, b8gilding u § & pfthe FOREST4BAkbsiteand on the
FOREST4Hdoject YouTubechannel(https://www.youtube.com/@FORESTA4EUProje&tditionally,the videoswill
be madeavailable if possible,on the EUFarmBookplatform alongsidethe factsheetsdevelopedin task 1.3 for the
selectedinnovatiors.

Belowa brief overivewof the characteisticsof the videoscreatedfor the 6 selectedinnovationsis presented

iX/vv}A Y}IvW8®} Y}v v u}v]8}E]JvP }( v]u oe 8} ] vY(C %o}ee] 0 ]v
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Summaryof the innovation: Herenewtechnologicatoolsto obtainandmanagedatafrom herdswith minimalfarmer
involvementis presented.Geolocationand monitoring of animalsuse variousalgorithmsto analyzeinformation

collectedto identify potentialincidentsandimprovethe managemenbf animalsandpastures TheOperationalGroup
focuseson exploringthe full potential of thesetechnologiedo overcomethe mainchallengedacingthe sector.These
includeimprovingthe economicviability of farms,adjustingdevicesto herd activity patterns, providinglocationand
monitoring of animalsand herds, ensuringefficient and sustainableuse of natural resources,and addressingthe

proximity of herdsto wildlife. Thetechnologywill facilitate control of herds, managementof technicathealth and
pasturedata,andimprove productivity andviability of extensivdivestockfarms.

Videoduration: 14: 06 minutes

Linkto video (English):https://www.youtube.com/watch?v=0Rncr5gmpgQ&ab_channel=FOREST4EUProject

Linkto video (Spanish)https://www.youtube.com/watch?v=nxXCFR19cg4&ab_channel=FOREST4EUProject

Linkto video (Finnish):https://www.youtube.com/watch?v=_bucF660Pu4&ab channel=FOREST4EUProject

Linkto video (Portuguesé: https://www.youtube.com/watch?v=ctwNJhIip1D8&ab channel=FOREST4EUProject

Other languagedo be translated None
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Summaryof the innovation: The "SustainableBee Forest"project introducesa novel forest managementconcept
aimedat enhancingpollinator habitatsand diversifyingincomestreamsfrom non-wood forest productsin the state
of Hessdn Germany Thisinitiative respondgo the imperativefor climatechangeadaptationin forestry, particularly
targeting smallholder farmers grappling with forest decline. With large forested areas experiencingsignificant
disturbancedike pests storms,andfire, there'sa pressingheedfor afforestationmeasuresHowever existingfunding
options for afforestation typically limit tree specieschoices.The "SustainableBee Forest" concept presentsan
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innovativeapproachto forest managementemphasizingnultifunctionality andinsectfriendly practices which have

beenoverlookedin CentralEurope.Thisproject focuseson integratinghoneyand wild bee habitatsinto early-stage
forest development, blending profitable stemwood specieswith pollinator-friendly plants. Unlike conventional
approachesthat concentrate flowering areas on forest edges, this project aims for a more holistic approach,
intertwining economic profitability with conservationgoals. Initial afforestation efforts on a 3.5-hectare former

sprucedominated forest involved planting robinia, chestnut, linden, bird cherry, and walnut basedon research
insights and expert knowledge. Effective collaboration with experienced scientists possessingthe necessary
methodologicakxpertiseis crucialfor generatingmeaningfulresults.info@comunisprojektbuero.de

Videoduration: 8:52minutes
Linkto video (English) https://www.youtube.com/watch?v=UvsXWDJWTLw&ab channel=FOREST4EUProject
Linkto video (German):https://www.youtube.com/watch?v=0gWyFHOTSx8&ab channel=FOREST4EUProject

Otherlanguagedo be translated: PortugueseCroatian Latvianand Slovenian
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Summaryof the innovation: CommunityForestarrangementsare strategictools in forestry for enhancingousiness
networksand valuingagrosilvo-pastorallands. Theypromote ecosystemservicesand conservationyrecommended
by the TUFFand other ltalian legal provisionsfor collectiveforest management.Thesearrangementsenable both
companiesand smallforestownersto collaborativelynanageforests,addressinghallengedike ownerabsenteeism,
land fragmentation,andgapsin forestryknowledge.

Communityforestsfacilitate a profit-sharingmodel developedby PRI.FOR.MAId]lowing profit distribution not just
from timber but from multifacetedmanagementaligningwith stakeholderdesiresand regulatoryframeworks.This
model is sustainableeconomically reducing costsand boosting profits; environmentallyv ensuringproper forest
managementandsociallyv supportingparticipatorymanagementand helpingsustainmountainpopulations.

Challengesemergedduring the project, includingdifficulties in engagingall forest owners and their hesitancyto
delegatemanagementiongterm despite solid legal and technicalframeworks.Ownerspreferred immediate high
returnsfrom sellingtimber or short-term contractsover potentiallyriskierlongterm agreements.

ThePRI.FOR.MApojectdrafted a profit-sharingcontractyet to be adoptedby owners. TheongoingNET4G®roject
in Veneto aims to implement these innovations, moving towards practical applications.
https://www.innovarurale.it/it/pei-agri/gruppioperativi/bancadatigo-pei/gestionecondivisadelle-proprieta-
forestali

Videoduration: 3:16 minutes

Linkto video (English)https://www.youtube.com/watch?v=2Yjk2YsHaJo&ab channel=FOREST4EUProject

Linkto video (Italian): https://www.youtube.com/watch?v=PjvgJESfla8&ab channel=FOREST4EUProject

Other languagedo be translated: Portuguese
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Summaryof the innovation: Mobile biocharkilnisaninnovationfor biocharproductionin situ on farms.Althoughthe
kiln hasbeen developedfor transformingwood residuesfrom chestnutcultivationinto biochar,it canbe usedfor
other typesof wood residuesaswell. Theinput material for carbonizationcanbe wood with varyingdiametersand
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lengths cut approximatelyto one meter, or other wood residuescoming from the chestnut cultivation or other
sourcessuchaspruningresiduesof fruit trees or residuesof silviculturaloperations.Carbonizatiortakesplaceat a
low to medium temperature (below 500 °C)which givesa higher biocharyield comparedwith rapid and/or high
temperaturepyrolysissystemsBiocharcanbe usedon the farm or sold,becomingan additionalsourceof incomefor
the farm. Mobile biochar pile prototype is developedby OGINGECASolariaAnzilotti, SalvatoreMoricca, Rodolfo
Picchio https://www.psingeca.it/it

Videoduration: 6:42 minutes
Linkto video (English: https://www.youtube.com/watch?v=LBaZi9DR8&ab channel=FOREST4EUProject
Linkto video (Finnish) https://www.youtube.com/watch?v=pQbHwXwmk&ab channel=FOREST4EUProject

Otherlanguagedo be translated: Italian, Frenchand Slovenian
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Summaryof the innovation: Landabandonmentin the north of Spainhasincreasedthe number of unmanaged
deciduougchestnutsandoaks)andconiferforestwithout currenteconomiaeturn. Theestablishmenbf silvopastoral
systemswith pigbreedsof the Celtictrunk (PorcoCelta,GochuAsturcelta)canbe anoptionto preservethe pigbreeds
while increasingthe forest profitability by producinghigh quality livestock products. However, marn-power costs
reducesthe possibility of the silvopasturepracticesestablishment. FORESTCEL®perational group developsan

automatedmobile systemto feed pigswithin forests. Theautomatedmobile systemwastestedin Galicisand Asturias
whereherdsof 55 pigswereintroducedin eachdemonstrationarea,duringtwo fatteningcyclesof 11and13months.

FORESTCELa#tomated systemresultswere i) costreduction, i) forest and livestockfacilitated managementiii)

recoveryand maintenanceof pig breedsof the Celtictrunk, (iv) high quality pig organolepticand health product

delivered, (v) increaseforest sustainabilityas it increasesmitigation while reducing forest fires. From a social
perspectivet contributesto increaserural developmentandthe increaseof rural population.

Videoduration: 12:54minutes

Link to video (Spanish with English subtitles):
https://www.youtube.com/watch?v=vLVFVwLOJj4&t=187s&ab_channel=FOREST4EUProject

Otherlanguagedo be translated. French
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Summary of the innovation: The project eGOZDhas presented a web-based solution for developinga forest
managementplan. The solution enables the collection and interpretation of data on forest tenure, forest
infrastructureand other data publishedon different publicly availableplatformsin one placeusinginteroperability.
Introducingthe planson farms owning forests promotesincreasedplannedwork with private forestsand provides
professionalsupport for sustainablemultifunctional forest management.A well-prepared managementplan will

ensurethat the timber is properly exploited, contributingto the modernisationand sustainabledevelopmentof the

rural areas.Theproject"eGozd"hasdevelopednew and simplifiedoptionsfor planning,monitoringand carryingout

work andfor more efficient private forestmanagementTheplanislinkedto currentpricesfor foresttimber andtools
for calculatingthe costsof timber extraction.Forestownerscanmonitor the performanceof their forest estateand
decideon the measuregto be takenin the plan. The plan considersnature conservationguidelinesand promotes
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habitat types' conservationor evenimprovement. Forestownerscanthus optimise their own different production
processe®n the samesite, or the sameproduction processon different sites,or hire a contractordue to their own
costs being too high; this servesto decide on the most optimal implementation of the works. One of the key
advantageof interactive estate plansis the possibilityto organisework, choosetechnologiesand operators,and
estimate production costsfrom forest to timber storage.Managementplansensurethe transfer of new knowledge
andoptimiseon-farm activities.gteinfo@gozdis.dittps://www.mojgozdar.si/

Videoduration: 3:52minutes

Link to video (Slovenian with English subtitles):
https://www.youtube.com/watch?v=zQ6aRtdOqug&t=72s&ab_channel=FOREST4EUProject

Otherlanguagedo be translated: Croatian ltalian,Latvianand Finnish

Articles

Articles were written to present the innovations developedby OGsto a broader audience,targeting relevant
stakeholdersidentified during national prioritization workshops.In the first batch of capacitybuilding material, 9

articleswere written andwill be publishedbefore the end of 2024in variousjournals,magazinegndbulletinsacross
the different project partner countries.Additionally,versionsof the articlesin multiple languagesincludingEnglish,
will be madeavailableon the projectwebsitein the section  %. bgildingu § E.] o _

Whenpossible the articleswere written following the specificstyle and structure of the magazineor journal where
they were intendedto be published.However,in all casesthe articlesaimedto be engagingjnformative,and well-
structured.Beloware the specificdetailsfor eacharticle, including,when possible information about the journal or
magazinevherethey will be publishedandthe expectedpublicationdate.

1. Innovation title: LVL (Laminated Venner Lumberfarjus sylvatica

Summaryof the innovation: OGFAGUSmplementedproject Addingvalueto beechtreesthrough innovationand
improvingthe competitivenessof their forest industry value chainwhich resultedwith developmentand testing of
innovativeLVLproduct usingbeechveneerfrom Spain.Aim wasto reevaluatethe beechwood valuechain.LVLs a
productthat consistsof the successivatackingof thin layersof wood, veneersobtainedby unrolling. Obtainingthe
materialin this way hasthe followingimplications:

- Beechveneersusedfor the manufactureof LVLwasthe raw material of high-quality logs,largediameters,straight,
with little taper andknotsin order to obtain an adequateyield, volumeand quality duringunrolling. Forthis reason,
it isto be expectedthat the manufactureof structural productswith peeledveneerwill offer superiorpropertiesto
sawntimber of the samespecies.

- Bendingtests have been carried out on small dimensionand structural size specimensas well as tensile tests
perpendicularto the fiber. The results of the tests are satisfactoryand encouraging,achievinggood mechanical
propertiesthat indicatethat the raw materialis suitablefor the productionof this product. Comparinghe properties
of LVLtested in bendingwith those of sawntimber from the samesource,the resultshavebeenimprovedin both

bendingstrengthand stiffness.

More information can be obtained by contactingjoseluis.villanueva@cesefor.coon by visiting https://gofagus.es/
website.

Publicationdata:
Title of the article (Spanish) Fabricaciérde LVL(Maderamicrolaminadape haya(Fagussylvaticg

Title of the article (English)Manufacturingstepssheetof LVL(micro-laminatedwood) of beech(Fagussylvaticg
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Journal:Arquitecturay maderahttps://arquitectura-madera.com/

Editor: EsinaEdicionesttps://esinal.es/

Country:Spain

Expectedo be deliveredin print: nextnumber(n® 48 - Jung
Length:519words

Translatedinto: Italian

Otherlanguagedo be translated: Sloveniarand Finnish
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Summaryof the innovation: Consultatioramongstakeholdersn Normandy'sive areas,underthe ForestryTerritory
Charter (CFT), highlighted the necessity for coordinated action and transparency in forest management.
EUROFORNORiifnedto establisharegionalforest network, with afocuson climatechange'smpacton Normandy's
forests."Forestiers,a vousde jouer" (Forestersijt's your turn to play) servesasan educationaltool, a board game
designedto educateprimary schoolstudentsabout forest managementand climate changeadaptation. Thegame,
distributedto 200schoolsn Normandy,complementsther educationalinitiativeslike the "1000communes)aforét

fait école"program.Feedbackrom teachersusingthe gamehasbeenpositive,emphasizingts engaginghature and

rich educationalcontent, enablingstudentsto learn about forest managementand climate changeadaptationin

Normandy's forests.  https://ec.europa.eu/eip/agriculture/en/findconnect/projects/eurefornorm-14-50-61-

emergenceet-animationd%E2%80%99un. htntdure.ferrier@communesforestieres.org

Publicationdata:

Title of the article (French) Forestiers,a vousde i}y @®jeu éducatif pour sensibiliserles enfantsde I'école
primaire auchangementlimatiquedanslesforéts

Title of the article (English): "Foresterst's your turn to play": an educationalgameto teachprimary schoolchildren
aboutclimatechangein forests.

Journal:Forét& Innovation

Editing: CNPHADF

Country:France

Expected to be delivered in printAfter October2024
Length:4 pagesof the magazine

Translatedinto: Slovenian

Other languagedo be translated: German Latvian ltalianand Finnish

3. Innovation title: UAV and multispectral camera to map stressed forest area3GRF)

Summaryof innovation: In the contextof precisionforestry, andto monitor potential issuesrelated to stresson a
per-tree basisfor forestmanagersit isnecessaryo employtools capableof rapidlymappingthisinformationin order
to implementadaptivesilviculturalpractices.Within the GOSURPproject, conductedin forestsdirectly, the use of
dronesequippedwith multispectralcameragMicasensejvastestedandimplementedto mapstressedareas.Theuse
of the drone allowedfor the creationof highresolutionmulti-temporal orthophotos and the identification of areas
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where areductionin photosyntheticactivity wasobserved.Themultispectralcamerasand the useof this data have
allowed for the prompt identification during GOSURFof stressedareas,primarily causedby oak forests. In this
context, it waspossibleto monitor theseareasaffectedby prolongedperiodsof drought. Monitoring with the useof
dronesallowsfor the observationof the developmentof these stressesand the impactsthey haveon the forests.
Moreover, the camerapermits to identified not-stressedplant that can be assumedas more resilient. The forest
managershavehighlightedthe easeof usingdrones.Furthermore from the analysisof stressat the individualplant
level,it is possibleto identify the more resilientplantsthat couldbe selectedasseedplantsto produceseedlingsor
future reforestationefforts. ContactsFrancesc&iannettifrancesca.giannetti@unifi. it

Publicationdata:

Title of the article (English).The Importanceof ForestHealthMonitoring and the Roleof Dronesand Multispectral
Cameras

Title of the article (Italian): > [] u %o } Gl Mbnitoraggiodella SaluteForestalee il ruolo dei droni e delle camere
multispettrali

Journal:Sherwood ] P ] Bttps®/www.rivistasherwood.it/sherwooedigital0.html

Editor: Foresteed AlberiOggiSherwood
Country:ltaly

Expected to be delivered in prinfune 2024
Length:11 pages

Translatedinto: Spanishand Portuguese

Otherlanguagego be translated: Croatian Latvianand Slovenian

4. Innovation name Establishing new business models with NWFP

Summaryof innovation: The project "SustainableBeeForest"developsand implementsa new forest management
conceptthat improvesthe habitat of flower-pollinatinginsectsduring reforestationand afforestation.Besidesvood
production,emphasids placedon the productionof honeyandother non-wood forest productsincludingberriesand
nutsin beefriendlyforesthabitats. Theprojectaimsat buildingbetter linkagesetweenprofitability andconservation
aspectf forestmanagementAt the sametime, the aimisto diversifyandgeneratenew incomesourcesrom non-
wood forest productsfor forestowners,manyof whichare challengedvith forestdiebackdueto climatechange.The
productinnovation t honey,berries,and nuts from managedforestswith bee-friendly speciest is basedon a solid
researclbase.TheOG* " u«3 ]vBee& } E cohiductsmonitoringandevaluationstudiesandcollaborateswith the
Universityof Géttingento analyzethe economicpotential of honeyasa non-wood forest product. Suchresearchis
lackingin the regionandis neededfor creatinga solidknowledgebasefor interestedforestowners,forestmanagers,
and administration.Thenew businesamodelsbasedon non-wood forest productsin the state of Hessen Germany
aredevelopedby OGBienwald:ComunisProjektbiro JudithTreis info@comunigorojektbuero.de www.bienenwald
hessen.de

Publicationdata:
Title of the article (English)Businesslevelopmentfor honeyfrom the beeforest
Title of the article(German): ' « Z (8¢ Vv8A] lopvP (°E ,}v]P pe u ] v VA o ®

Journal: LWFAKktuell (print bulletin of LWHor forestersandforestowners)

DisseminationLevel[Publid Pagel8of 102


mailto:francesca.giannetti@unifi.it
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.rivistasherwood.it%2Fsherwood-digital-0.html&data=05%7C02%7CMercedes.Caron%40efi.int%7Cef0da632d2084be4347a08dc83e66ca5%7C76f498dbd149402c9c09707cb0a4a20d%7C1%7C0%7C638530272896922398%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=b6OmxobzicyC1hbpjn6U568kJfptevLsP5QZr5R2zy8%3D&reserved=0
http://www.bienenwald-hessen.de/
http://www.bienenwald-hessen.de/

Edtor: LWF

Country:Germany

Expectedo be deliveredin print: LWFAktuellNo.1490r 150
Length:1117words

Translatedinto: Notranslationavailableat the moment

Otherlanguagedo be translated French/LatvianFAnnishand Slovenian

5. Innovation title: Course on GIS and Remote Sensing Data to monitor forest ecosysteSURI)

Summaryof the innovation: To monitor stressand the impactsof climate changeon forests, there is a need to

enhancethe technicalanalysisskillsof individualsinvolvedin sustainablgorestmanagementln recentyearsvarious
tools like Sentinel2 satellite imagery have allowed for almost continuous monitoring of such stress. However,
technologicaprogresshasnot led to areal changebecausananytechniciansdo not know how to useanalysidools,

evensimpleones.In this context,within the GOSURIproject, it wasdecidedto organizeatailored 24-hour courseto

teachforest managementechnicianshow to usethesetools and the related GIS(Geographidnformation System)
toolsfor analysisThecoursehasbeenhighlysuccessfulvith over50 participantsenrolled. Thecoursewasstructured
with practicalexercisesonductedin classroonsettingstailoredto the forestry sector.In particular,the GoogleEarth
Engineanalysiglatform and data easilyimplementableinto the QGISsystemwere used.Thisenabledthe transferof

analyticalcapabilitiesto the technicianswho attended the course,many of whom had no prior knowledgeof the

potential of thesetools. The techniciansemphasizedhat coursesof this kind are crucial, especiallyin a forestry
context. Thestrengthof the courselay in its practicalaspectwith exercisespecificallydesignedo addressorestry-

related scenariosContact:francesca.giannetti@unifi.it

Publicationdata:
Title of the article (English) GOSURFA Courseon GlSand RemoteSensindg atafor Monitoring ForestEcosystems

Title of the article (Croatiar): UporabaGlSa i podatakadaljinskog]*$ E 1]2a % E ‘Wi u * | ERosustavgGO
SURF)

Journal:Hrvatske“ pu U «} %zhpopularizaciju“ pu E 3 A
Editor: Hrvatske“ p u d.o.o.Zagreb

Country:Croatia

Expectedo be deliveredin print: September2024.

Length:up to 7500characterswith spacing(3-5 photos)
Translatedinto: Latvian

Otherlanguagedo be translated: Germanand Portuguese

6. Innovationtite: A 0}%]vP E}A o D S 00}* }% (}E e+ ss]JvP ]} ]JA E-]5C
SZ ] }( ]JP18 o dA]v
Summaryof the innovation: TheGeoslanZ EBPortableLaselScannesystemwasusedto surveytreesin atransitional

beechstand,allowingfor the creationof a3Ddigitaltwin. Dendromicrchabitatswere obtainedfor eachtree, enabling
the derived Index of Potential Biodiversity(IBP).Thisquantification can be usedin forest managementplansand
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silvicultural interventions. The marteloscopealso recorded volume and position data for each tree, identifying
dendrotheliathat may contribute to biodiversity. Theuseof mobile LIDARN forestry reducessurveytime and costs,
providingvaluabledatafor sustainabldorest managementandecosystenservicesenhancement.

Publicationdata:

Title of the article (English) Developinga NovelMartelloscopefor Assessin@iodiversityand GrowingStockVolume
with the aid of a Digital Twin

Title of the article (Latvian) Jaunamarteleskopa $5c+3c1}w}T]el ¢ 1A ] cune pP}“keksnesl E ipup
VIASESS®F YP]]S Ac2o oc ic

Journal:Tobe confirmed

Edior: Tobe confirmed

Country:Latvia

Expectedo be deliveredin print: Tobe confirmed
Length:1295words

Translatedinto: Notranslationavailableat the moment

Otherlanguagedo be translated: French Sloveniarand Finnish

7. Innovation title: Criteria and indicators for the certification of the sustainable management of an agroforestry
system PEFC (NEWTON)

Summaryof the innovation: TheProgrammefor Endorsemenbf ForestCertificationschemest PEFQaly - hasbeen
on a path to developa certification standardfor the sustainablemanagementof agroforestrysystems.The PEFC
analysishad asobjectivesthe studyof the tools and standardsfor guaranteeinghe traceabilityand sustainabilityof
agroforestryproductionandthe related productsprocesseddy the project partner companiesDuringthe pilot tests
conductedwith the company'stechnicians,it was possibleto concretelyanalysein the field the guidelinesand
indicators establishedduring the standard drafting process, highlighting the difficult application of some and
improvingothers. Themainresultsobtainedin the studycarriedout in the partner companiessawthe identification
of 48 products(or productcategoriespnd 13 processedindmanufacturedoroducts;these61 productsare potentially
subjectto certification,someof them with more than 35 different scheme®f environmentaland quality certification
schemesworldwide. Thankgo the cooperationof the project partners,the document'Criteriaandindicatorsfor the
certificationof the sustainablenanagemenbf an agroforestrysystemPEFCwasproduced,the first Europeanwide
certification standardfor the tree componentof an agroforestry system, availablefrom 2023, to valoriselocal
agroforestry products. https://www.innovarurale.it/it/pei-agri/gruppioperativi/bancadatigo-pei/network-
lagroselvicolturaoscanagcontact: solaria.anzilotti@unifi.it

Publicationdata:

Title of the article (EnglishY NEWTONNEtWorkOperationalGroupfor agroforestryin TuscanyCriteriaandindicators
for the certificationof the sustainablenanagemenbf anagroforestrysystemPEFC

Title of the article (Croatian)NEWTON D E Operativnihskupinaza P E}*“puu EroskapiKriterijii pokazatelji
zacertifikaciju} E 1] Agr&vijanja P E}“pu GustdwomPEFC

Journal:Hrvatske“ pu U «} %zhpopularizaciju“ pu E+3A

Editor: Hrvatske“ p u d.o.o.Zagreb
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Country:Croatia

Expectedo be deliveredin print: November2024.
Length:up to 7500characterswith spacing3-5 photos)
Translatedinto: French

Otherlanguagedo be translated: Finnishand Slovenian
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Summaryof the innovation: The OGBioChestnuBM project focusedon combatingchestnutcancer,causedoy the

fungus Cryphonectriaparasitica which posesa significantthreat to chestnut trees in Portugal. After extensive
research,it was found that using hypovirulent strains of this funguswas highly effective in treating the disease.
Practicarecommendationgesultingfrom the projectincludeconductingcomprehensivestudieson the populationof

C.parasitica developingspecifichioproductsto combatthe diseaseapplyingtreatmentswith compatiblestrains,and

continuouslymonitoringthe effectivenes®of theseinterventions.Thesuccessachievedis reflectedin the treatment

of 4028 chestnuttrees andthe recoveryof 59452chestnuttrees, ensuringproductivity for producers aswell asthe

sustainabilityandresilienceof the high-valuechestnutecosystenin mountainousregionsof Portugal . Thesepractices
establisha solid foundationfor addressinduture challengeselatedto chestnutcancer,ensuringthe ongoinghealth

and productivity of the trees. https://biochestnut.cncfs.pt/,contact:ana.santos@cncfs.pt

Publicationdata:
Title of the article (English):Innovationand Technologyf ransferin the Treatmentof ChestnutCanceiin Portugal.

Title of the article (Portuguese)Inovacace Transferénciae Tecnologiano Tratamentodo Cancrado Castanheir@m
Portugal.
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Country:Portugal
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> v P § Z¥/pages of the magazine

Translatedinto: German

Otherlanguagedo be translated: Italian and Slovenian

9. Innovation title: New and innovative cultivation methods of highly productive apples adapted to northern
climates.

Summaryof the innovation: Tomakeappleproductionprofitablethe focushasto be on qualityandvaluechainrather
than tonnage.Theprofitability for the farmersin the project comesfrom the connectionto an enterpriseproducing
highvalueice ciderandoperatingin a globalpremiummarket. Theprojectaimsto developnew cultivationmethods,
new varieties, planting arrangementsand managementoptions to meet the demandsof a new kind of buyer that
rewardsquality over quantity. Thisinspiresfarmersto gobeyondbusinessasusualin their operationsandtraditional
agriculturein the area.Eachfarmer alsofinds their own way of managingtheir appleorchard t the wholeideaisto
learn new thingsfor the future and do observationgo do thingsbetter in terms of growingappleswith high sugar
content suitablefor ice cider productionin Northern Europe.Thelongterm goal of the projectis to contribute to
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climateresilientsustainableagricultureandto createfavourablepartnershipsbetweenfarmersandfood processing
companiesto developfurther productsin local, regionaland global markets. The new and innovative cultivation

methodsof highlyproductiveapplesare developedoy * }uu & productiveapplegrowingin anorthernclimate t

innovation for new climate resilient agriculture in northern W @& } %project in Sweden: Daniel Pacurar
(danielpacurar@borealorchards.sehttps://www.brannlandcider.se/omoss/varaodlingar/commerciaproductive

applegrowingin-a-northern-climate/

Publicationdata:

Title of the article (English) Northernclimateand applevarietiesasa sourcefor innovation:agriculturalproductivity
andsustainabilityin northern appleproductionfor ice cider,a sweetdessertwinein Umed,Sweden

Title of the article (Finnish) Pohjoinenilmastoja omenalajikkeetinnovaatioidenlédhteena:maataloudentuottavuus
ja kestavyygpohjoisessamenantuotannossggasiideria makeagalkiruokaviiniayarten UumajassaRuotsissa

Journal:Tobe confirmed

Editor: Tobe confirmed

Country:Finland

Expectedo be deliveredin print: Tobe confirmed
Length:Tobe confirmed

Translatedinto: Notranslationavailableat the moment

Otherlanguagedo be translated: Latvian
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7. Evaluationand Impact Assessment

After disseminatinghe capacitybuildingmaterialonthe projectwebsite,media(e.g.,YouTube)andspecificchannels,
the uptakewill be evaluated.Theevaluationwill involveassessingow effectivelythe audiencewasengagd with the
materialandutilizedthe resourcegrovided.Theevaluationprocesswill include:

1. Metrics: Trackthe numberof downloadsor viewsof the material.

2. FeedbaclkSurveysSurveyill be sentto project stakeholderdo gatherfeedbackon the material,including
its relevance usefulnessandaccessibility.

3. Comparative Analysis: The information collected about metrics and feedbackwill be compared across
different countriesor stakeholdergroupsto identify disparitiesin accesandinform targetedinterventions.

4. Longitudinal Analysis: The uptake and usageof the material will be monitored over time to assessts
sustainabilityandlong-term impact.
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5. Iterative Improvement: The information and feedbackcollected will be used to iteratively improve the
capacitybuildingmaterial makingincrementalchangesand refinementsovertime after receivingthe feedbackfrom
the stakeholdersabout the material producedin previousbatchesThisallowsfor continuousrefinement, learning
from previousiterations,and adaptingto new feedback

8. Appendices
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1. Innovation title: LVL (Laminated Venner Lumberfarjus sylvatica
Fabricacién de LVL (Madera microlaminada) de haya (Fagus sylvatica)

La innovacién en la fabricacion de LVL (Laminated Veneer Lumber o Madera Microlaminada) de sidga ha
seleccionada dentro del proyecto FOREST4EU. Este proyecto ha destacado 20 innovaciones del sector fore
europeo, considerando la fabricacién de LVL de haya, realizada por el grupo operativo GO FAGUS, como unz:
especial relevancia para su comurmice en Espafia. Para mas detalles, se puede consultar la web del proyecto.

El LVL es un producto compuesto por capas finas de madera obtenidas mediante desenrollo, un proceso que pern
optimizar tanto el rendimiento como la calidad del material. La materia prima para fabricar LVL son trozas de al
calidad, caracterizadas pou gran diametro, rectitud y baja conicidad, con pocos nudos. El desenrollo convierte las
trozas en laminas finas, en un proceso que se inicia con el descortezado y escaneo para eliminar impurezas y mete
seguido de una coccion o vaporizacién para aldama madera y facilitar su desenrollo sin dafiar la herramienta de
corte.

En este proyecto se fabricaron dos tipos de probetas: vigas de 125x30x2500mm y placas de 500x500mm, estas ultil
de las que se obtuvieron probetas mas pequefas. Las chapas de madera fueron aclimatadas a las condiciones c
fabrica para evitar problemate humedad. Se usé un adhesivo MUF bicomponente conocido como GripBsign,
siguiendo rigurosos parametros de humedad, temperatura y tiempo de fraguado indicados por el fabricante.

El proceso de armado de las probetas comenzé con la mezcla de la cola y el endurecedor justo antes de la aplica
para asegurar un tiempo adecuado al aire de la cola. Se utilizaron dos tipos de prensas: una prensa grande para
vigas estructurales y anprensa de tablero para las probetas mas pequefias. Este enfoque permiti6 comparar la
propiedades del LVL con las de la madera aserrada.

Se realizaron distintos tipos de ensayos para evaluar las caracteristicas del LVL:

Por un lado, ensayos a flexion segun la norma EN 408 en vigas estructurales y en probetas pequefias, obteniendc
siguientes pardmetros mecéanicos: resistencia a flexion, modulo de elasticidad y densidad. Los valores de resistenc
flexion caracteristicabtenidos fueron de 46 megapascal (MPa) para las vigas y de 77 MPa para las probete
pequenias.

Por otro ladognsayos de traccion perpendicular en probetas pequefas, obteniendo una resistencia caracteristica o
0,94 MPa, superior a lo establecido para especies frondosas en la norma EN 338. Este resultado confirma la alta cal
del LVL fabricado partir de haya.

En comparacion con las clases resistentes de madera aserrada D40 y D45, el LVL mostr6 propiedades superiore
resistencia a flexion y rigidez. Esta mejora se debe a la mejor optimizacion del material y la reduccion de singularida
en los productos dengenieria de madera como el LVL. Ademas, las probetas pequefias resultaron ser mas resistent
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y rigidas que las vigas estructurales, lo cual se explica por el menor numero de defectos y el mayor control en el proc
de prensado.

En conclusion, el trabajo realizado ha demostrado que el LVL de haya de segunda calidad presenta exceler
propiedades mecanicas, superando a la madera aserrada en términos de resistencia y rigidez. Esto confirma qu
materia prima es apta para la fabaicion de este producto, ofreciendo una alternativa viable y de alta calidad para
aplicaciones en construccion y otras areas.

Troza lista para el desenrollo

Vigas de tamafio estructural
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Ensayo a flexion en probetas de tamafio estructural

Ensayo a traccion perpendicular a la fibra
Manufacture of LVL (micraminated wood) from beech (Fagus sylvatica)

The innovation in the manufacture of LVL (Laminated Veneer Lumber) of beech has been selected within the
FORESTA4EU project. This project has highlighted 20 innovations in the European forestry sector, considering tl
beech LVL manufacturing, carried out by &® FAGUS operative group, as one of special relevance for its
communication in Spain. For more details, please visit the project website.
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LVL is a product composed of thin layers of wood obtained by unrolling, a process that optimizes both the efficienc
and the quality of the material. The raw material for LVL is high quality logs, characterized by their large diamete
straightness and lowaper, with few knots. Unrolling converts the logs into thin sheets, in a process that starts with
debarking and scanning to remove impurities and metals, followed by cooking or steaming to soften the wood an
facilitate unrolling without damaging the dirg tool.

Two types of specimens were manufactured for this project: 125x30x2500mm beams and 500x500mm plates, tt
latter from which smaller specimens were obtained. The veneer sheets were acclimatized to the factory conditions t
avoid moisture problems. A twoompnent MUF adhesive known as GripRrDesign was used, following rigorous
parameters of humidity, temperature and setting time indicated by the manufacturer.

The specimen assembly process began with the mixing of the glue and hardener just prior to application to ensul
adequate air time for the glue. Two types of presses were used: a large press for the structural beams and a boa
press for the smaller specens. This approach allowed the properties of LVL to be compared with those of sawn
lumber.

Different types of tests were carried out to evaluate the characteristics of LVL:

On the one hand, bending tests according to EN 408 on structural beams and small specimens, obtaining the followi
mechanical parameters: bending strength, modulus of elasticity and density. The characteristic flexural strength valu
obtained were 46 megpascal (MPa) for the beams and 77 MPa for the small specimens.

On the other hand, perpendicular tensile tests on small specimens showed a characteristic strength of 0.94 MP
higher than that established for hardwood species in EN 338. This result confirms the high quality of LVL made frc
beech.

Compared to the sawn timber strength classes D40 and D45, LVL showed superior properties in bending strength &
stiffness. This improvement is due to better material optimization and reduction of singularities in engineered wooc
products such as LVL. lddition, small specimens were found to be stronger and stiffer than structural beams, which
is explained by the lower number of defects and better control in the pressing process.

In conclusion, the work carried out has shown that seegratle beech LVL has excellent mechanical properties,
outperforming sawn lumber in terms of strength and stiffness. This confirms that the raw material is suitable for the
manufacture of this produgctoffering a viable and high quality alternative for applications in construction and other
areas.
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Log ready for unrolling

Structural size beams
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Bending test on structuralzed specimens

Perpendicular tensile test on fiber
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«Forestiers,avousde jouer »

Unjeu éducatif pour sensibiliseres enfantsde I'école primaire au changementclimatique danslesforéts
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Cingterritoiressignataires [ 1 vCharteForestierede Territoire(CFTYle Normandiesesontréunisautour [ peonstat
commun: le besoin [ W vplusgrandecoordinationentre acteurset de plusde communicatioret de vulgarisationdes
pratiquessylvicolesiécessairea notre société.

Eurofornorm,un réseaurégionaldesterritoires forestiersnormands

Cinqterritoires signataires [ 4 vCharteForestiérede Territoire(CFTYle Normandiesesontréunisautour [ peonstat
commun: lebesoin [ p vplusgrandecoordinationentre acteurset de plusde communicatioret de vulgarisatiordes
pratiquessylvicolesécessaires notre société.

Cinqgterritoires signataires [ 4 vCharteForestiérede Territoire(CFTyle Normandiesesontréunisautour [ p@onstat
commun: le besoin [ u vplusgrandecoordinationentre acteurset de plusde communicatioret de vulgarisatiordes
pratiquessylvicolemnécessairea notre sociéteé.

Crééen 2018, le groupe opérationne| EUROFORNORMt composédes acteurssuivants: le CentreNationalde la
Propriété Forestiere(DélégationHautde-France t Normandie); o [ K ( (National des Foréts; les ParcsNaturels
Régionawde NormandieMaine, du Percheet desBouclesde Seine; la Métropole RouenNormandieet SeineEure
Agglomération Soncoordinateurest o [ h v Régionaledes CollectivitésForestieresde Normandie(URCOFOR)ne
associatiorregroupantdescollectivitésnormandegropriétairesou nonde forétsdansunestructure [ Z v Etde
partage [ A& % & propoantdesservices [ v]Ju Slgtv [ Ju% Pv uwansd o[} i &4 (aloriserles
territoires forestierset []v S Re&mil@Eu forestierau ~ p @u développementiocal. > [ h Z K &#t @rganiséeen
réseau,auservicedesélus,depuisplusde 80 ansavecune fédérationnationale.

Le groupe opérationnel EUROFORNORMeu pour objectif généralde créeret [ v]u utréseaurégional des
territoires forestiersnormands surune thématiqguecommuneprioritaire ~>[ A de]d¥orét normandeauregarddu
changement o]Ju S]<Wnpdkogramme [ §]}purtrois ansa donc été élaboré afin de répondre aux objectifs
suivants: - sensibilisefet susciterla réflexionsur les évolutionspossiblesde la forét dans o[ A pou@Es|[ %o &u E
changementclimatique et atténuer seseffets, - expliquerla forét d'aujourd'hui, les interventionsen forét et les
méthodesmisesen ~ A (Rour essayer [ v3§] ]l#s cangements; favoriserles échangesentre les différentes
parties prenantespour comprendreles attentes de chacunet rechercherdescompromis,afin de dessineresforéts
normandesde demain.

Durantlesdeuxpremiéresannéesde travail, différentesactions(sessiongle réunionsen forét, colloques- cf. image
1) et outils (ateliersprospectifsautour du jeu de rdlesFosterForest)ont permisde sensibiliseet [ Z v Rv@ede
nombreuxacteursidentifiéstels que lespropriétairesprivés,lesélusou encorele grandpublic.

Objectifde o[JVV}A 3]}v

En 2020, les membres du consortium se sont accordéspour
travaillera o[ o } & $wutil pédagogiquespécifique au
sujet "forét et changement o]u $§]«<aqvecla volonté de cibler
prioritairementlesclassegle primaire (3ecycle).

Cette cible a été sélectionnée,car les élus communauxont la

responsabilitédes écolesprimaireset les collectivitésforestieres

réalisentdesmissionsa destinationde cesélus.

Image 1: Réunionen forét réalisée dans le

En 2020, les membres du consortium se sont accordéspour )
cadredu projet EUROFORNORM.

travaillera o[ o }&E $wutil pédagogiquespécifique au
sujet "forét et changement o]u §]<avecla volonté de cibler prioritairement les classesde primaire (3e cycle).
Cettecible a été sélectionnée carles éluscommunauxont la responsabilitédes écolesprimaireset les collectivités
forestieéresréalisentdesmissionsa destinationde cesélus.
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Il a été choiside développercet outil sousle format [ 1 jeu, pouvantcompléterles autresactivitéset outils des
territoires, mais égalementétre incorporédans [ p$ d@rmats [Jvs EA vEdpaséspar les ParcsNaturels
Régionauxpu les intercommunalités.Enfin, la volonté de rendre cet outil opérationneldes la rentrée scolairede
o[ v wsuivantea été affichéeparlesmembresdu consortium.

Aumomentou cette réflexion « [ ehgagéeenréalisantuntour [ Z} & Higsjeuxdéjadisponiblessurle marchéla
plupart de ceuxobservédraitaient de thématiques*"Po} o <l]v3 (& vtelié$ queladéforestationou encore
lesémissiongle carbonesa o[ Z moamdiale.Aucunjeua o[ Z régionalenormande traitant de problématiques
enlienavecle changementlimatique v [ émergéde la veilleréalisée cequi a doncconfortélavolontédu consortium
de développercetoutil.

Mise en placedu projet

Sur la base de ces critéres volontairement peu précis, afin  [! 3 @n mesure [ A& %o an@@veéhtail large de
propositions différentesentreprisesspécialiséeslans o [ ] $§dagogiqueet la créationde conceptsludiquesont
été sollicitées.> [ |descriteresimportantsde sélectionaétélacapacité [  }u % Pv @lavcdnceptiondu projet.
Le prestatairesélectionnéa cadrédes propositionsde formats de jeux et le consortium ¢ [ er8is [  } Q@ourun
format ~ %0 0 Sav@cdesquestionssousforme de cartes.Lejeu a été choisisousune forme prochede celuidu jeu
de o[} tatlesréglesdujeusontdéjaconnuesdu publiccible.Parretour [ A& %o Eésjeuxbuxformatsnovateurs
(telsque "&}+S&EE 9pEésehtédans ce groupe opérationnel) nécessitentun temps [ A %o 0] deS}égles
conséquentcequi v[ S pesenvisageablauprés [ publicciblede cettetranche [ P LAthématiqueabordée
étant déja peu connue,il était important pour le consortiumque lesreglespuissentétre facilementintégrables.Un
calendriera été fixé enaccordavecle prestataire programmanta réalisationdesdifférentesplancheset propositions
graphiques,avec pour consigneune mise en avant du contexte normand, du changementclimatique et de la
multifonctionnalitédesforéts.

Leconsortiume [ «©ofcupédelarédactiondescartesscientifiqueset techniquesLesquestionsétaientsoumisesaussi
bienenamontparliste [-mailquelorsdesréunionsetlesréponsesaapporterdevaientfaire o[} i Buwonsensus
lors de ses réunions. Le consortium se fixait comme objectif la rédaction [ p\wertain nombre de fiches
guestions/réponsepar réunion et cellesci étaient ensuite soumisesau prestatairequi, de par sonexpériencedans
o[ ]3pgédagogiquepouvaitfournir ensuiteun avispour reformuler le contenu ¢ [ he lui semblaitpasintelligible
pour lesscolaires.

Cette méthode collectivea permis de susciterde nombreux échangesau sein du consortiumau profil [ S pE-
diversifiés Certainegjuestionsparexemple bienquepertinentes,ont di étre misesde c6té, caraucunconsensusur

les réponsesa y apporter v [ pu étre trouvé par les membres.De plus, la diversité des profils présentsdansle
consortiuma permisde pouvoiraborderadire [ A %un€variétéimportante de thématiquesdu milieu forestier
suro[ ve udelachainedevaleur.Celaapermisde nourrir lesconnaissancede chacundesacteurs,maisausside
comprendrelespointsde vue et méthodesde travailde chacun.

Presentationof the game

Lejeu « Forestieravousde jouer » (cf.image2) <[ & § hutowr de dix grandsthemesque sont: lesvieuxarbres,la
forét, lesjeunesarbres,la coupedesarbres,la récolte du bois,lesmétiersdu bois, lesloisirsen forét, les planteset
les animauxet enfin les utilisationsdu bois. Le jeu a ainsi une vocationtransversalede sensibilisatiorace <[ 38
o[ }+C - 3ornestier,asagestionmultifonctionnelleainsique de miseen avantde o[ Aleda filiére. Un point de
vigilancefut de toujours conservere lien avecle changementlimatique,qui intervient dansdes cartesspécifiques
Nlvuet®r u , Z o X
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Image? : Presentatiordu jeu « Forestiersx vousde jouer ».

Lebut du jeu, pouvantsejouer entre deuxet sixjoueurs(ou équipes)est [ §§ ]verremierlacasearrivée.Ony
incarneun forestierdont la missionest de gérerle mieuxpossiblela forét normandedont il (ou elle)ala chargepour

la préserverfaceau changementlimatique.Pourcefaire, chaqueéquipelancele dé et avancedu nombrede cases
correspondantesen choisissansoncheminpour atteindre o[ & (Edgtase&u plateausont cercléesde couleurs,
chacunecorrespondanta un théme différent, et o[ <p]9% E E $8r un& casedoit répondre a une questiondu
théme associg10 cartesde questionsparthéme).Selonlesquestions;jl estpossible [ A }Jr&ou plusieursbonnes
propositions.Si o[ < k#trompe elle doit reculer [ p vcase sielle fournit une réponseincompléte,elle ne bouge
paset sielle répondcorrectement,ellealedroit [ A v {f vcasesupplémentaire Deuxéquipesau maximum
peuventpartagerune case siunetroisiemearrive surcette case elledoit « [ (E @& l&ca&eprécédente. >} Ee<U[ UV
équipe *[ & @Urdine case« bonus» ou « emblche», elle pioche une carte correspondante effectue o[ $]}v
indiquéesurla carte et sontour setermine (20 cartesbonuset embicheautotal). Certainesde cescartesindiquent
une actionpouvanttouchertoutesleséquipes.

>[ «<plPagnanteestcelleatteignantlacase”® & & ¢Apremiéred o[ | [ oomptejusteauxdés.Siune équipe
dépassde nombredecasesi e <pud [ E ElleMoit@dlorsretourner sursespas.

Desvariantespeuventfaciliter ou accélérerune partie, par exempleen rejouant lors [ g vbonne réponseou en
atteignantla casearrivée sansle compte juste. Pourun public plus Agéou expérimenté les questionspeuventétre
poséessanspropositionderéponseou bienle maitredu jeu peutfixer un objectif spécifiquea chaqueéquipeendébut
de partie tel que rajeunirla forét, conservera biodiversité,ou bien encorede répondrea au moinsune questionde
chacundesdixthémes.

Difficultés et opportunitésrencontréeslors du développementde cette innovation

Aucunedifficulté majeure v [ été rencontréepar le consortium.Tout [ } (He budgetfixé a pu étre respecté.Le
planninget le timing étaient contraints,ce qui est apparua la fois commeun challengeet une opportunité pour la
réalisationde cette innovation.Celaa en effet permisde rendrele travail en groupedynamiqueet de maintenirune
cadencesoutenuequi a évité auxacteursde ¢[ %o E Gansietraizail a réaliser.Celaa été rendu possiblegracea
o[]VvA «3]-etalardactivitédespartenairesdu consortiumqui ont réponduauxdifférentessollicitationsdansun
tempstres court,aucunmembre v[ § &t&mpspleinsurle projet.

Distribution, retour [ A %o ( ¢t futuss développementdu jeu

Lejeu a été distribuéa 350 écolesprimaireset 50 exemplaireont été remisauxpartenairesdu projet et de la filiere

forét boisrégionale.Sonutilisation peut sefaire dansle cadre [ 4 programmepédagogiqueau seindesécoles,en
médiathéque par desassociationsparlescommunespubienlors [ A v u \éariculierstels que dessalonspour

des parties de sensibilisationLejeu v [ e@ascommercialisépour o []V ¢ Snéefimoinsde nombreux utilisateurs
exprimentle souhaitde o[ «u CRJUEIX¥st aussidistribué et utilisé en supporta [ pus@ctions [ VA EPUE
nationalestel quele programmenational« 1000communes)a forét fait école» danslequellescommunesmettent
desparcellescommunalesala disposition [ 1 vécolequi prenden chargesagestion.
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Lejeu a été présentéet transmisauxautresunitésrégionalesdescollectivitésforestieres.Sapertinenceet o[]v $
porté par les autres délégationsdu réseauont permis [ vA]e #he@ersionnationaledu jeu (encours [ S
Pourcefaire, il seraitprévude conservemn plateaude jeu identique, maisque chaquedélégationrégionaledécline,
selonsesspécificitéscertainesdescarteslathématique« laforét ». Uneversionnationaleprésentantdonc o[ ve u
descartesissuesdesdifférentesrégionspourrait ainsiétre envisagée.

Applicabilité Européenne

Unediffusionde cejeua o[ Z euoopéennepeut étre envisageablenéanmoinsune traduction directe du jeu
v[ %o %o p&&cordmeadaptée carlesquestionset réponsesiépendentde lalégislationde chaquepaysmembre,les
réglementationgpouvantétre différentes.EnFrance e codeforestier a simplifiéle travail, caril apporte un cadrea
partir duquelle consortiuma pu travailler. Néanmoins si certainspayssouhaitentdévelopperun jeu similaire,des
échange®u biendespartenariatspeuventétre discutés sicelapeut permettre auxacteursde gagnerdutempset de
o [V * %ed@Eava déjaréalise.

Interview de la coordinatricedu groupe opérationnel Eurofornorm

Mme Ferrier,quelleestvotre visiondesgroupesopérationnelset de o [] v v } A el g¢néraldansle secteurforestier?
Quelleestla plusvaluedutravail partenarialpourla miseen placede cesinnovations?

Lacoopérationentre différents acteursa toujours été pour moi un moyende créerune émulationtrés intéressante
entre lespersonneset particulierementefficacepour développerdesactionscollectives Entant que coordonnateur,
notre objectif estde construiredeshabitudes [ Z v Rentre lesmembresdu groupeopérationnel;oninstaureun

climatde confiancequi permetachacunde [ A %o bjameéRtet [!S @rcede proposition. Cetravailpartenarial
favoriseainsila stimulationet o[ u & Pdenouvellesidéespermettant []v v} Ala@notre domaine.Jecrois
beaucoupen ce proverbeafricain: ~Seulonvaplusvite, ensembleon vaplusloin _ X

Ainsi,au-delade la créationde cejeu, [ eI& développementdesrelationsde travail entre les partenairesque je
trouve particulierementintéressant.Celapermet de connaitreet de comprendreles acteursprésents,de [ v (]
mutuellement et de maintenir une dynamique collaborative au sein des territoires. Et enfin, cela favorise le
développementde nouveauxtravauxen partenariatsa o[ A :\pp@-étre un prochainPEIR?

« Foresters] S yeur turn to play »
An educationalgameto teachprimary schoolchildrenabout climate changein forests

Fiveareasin Normandythat have signeda Territorial ForestCharter(CFThave cometogether around a common
observationithe needfor greater coordinationbetweenplayersand for more communicationand popularisationof
the forestrypracticesthat our societyneeds.

Eurofornorm,aregionalnetwork of normandy'sforest areas

Five signatoryterritories of a ForestCharterof Territory (CFT)of Normandyjoined together around a common
observation:the needfor a greatercoordinationbetweenactorsand more communicationand vulgarizationof the
silviculturalpracticesnecessaryo our society.

Createdin 2018,the EUROFORNORigerationalgroupis madeup of the following players:the CentreNationalde
la Propriété Forestiere(DélégationHautde-France- Normandie);the Office National des Foréts;the Normandie
Maine, Percheand Bouclesde Seine RegionalNatural Parks;the Métropole RouenNormandie and Seine Eure

E!3
. X

(0]

yale:

Agglomération Its coordinatoris the Z h v ]R&gionaledes CollectivitésForestieresde Normandie ~hZ K& Kad [« U

associatiorof localauthoritiesin Normandythat may or may not own forests. URCOFOR a forum for exchanging
andsharingexperiencesoffering servicedo promote and supportforestareaswith the aim of enhancingheir value
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and integrating the forest environmentinto the heart of local development. URCOFORas been organisedas a
network servingelectedrepresentativedor over 80 years,with a nationalfederation.

Theoverallaimof the EUROFORNORiderationalgroupwasto createandleadaregionalnetwork of forestareasin
Normandy focusingon a commonpriority theme: Z d #uture of Normandy'dorestsin the faceof climate Z vPA[ X
three-yearactionprogrammehastherefore beendrawnup to meetthe followingobjectives:- to raiseawarenesand
encouragereflection on possiblefuture developmentsn the forestin order to adaptto climatechangeand mitigate
its effects, - to explaintoday'sforest, forestry operationsand the methodsusedto try to anticipate changes; to
encourageexchangedetweenthe variousstakeholdersn order to understandeachparty's expectationsand seek
compromisesin orderto designthe Normandyforestsof tomorrow.

Duringthe first two yearsof work, variousactions(meetingsessionsn the forest, colloquia- seeimage 1) andtools
(forward-looking workshopsbasedon the Foster Forestrole-playing game) have enabled awarenesgaising and
exchangewith a large number of identified stakeholderssuchas private owners,electedrepresentativesand the
generalpublic.

Aim of the innovation

In 2020, the consortium members agreed to work on the

developmentof a specificteachingtool on the subjectof Z (} & ¢S

and climate Z v P with the aim of targeting primary school

classesas a priority. This target group was chosen because

municipalelectedofficialsareresponsibldor primaryschoolsand

the URCOFO&arryout missionsaimedat thesecouncillors.

Image 1: Meeting sessionrealizedwithin the

It wasdecidedto developthis tool in the form of a game,which i
EUROFORNORivbject.

could be usedto complementother activitiesandtools available
in the regions but couldalsobe incorporatedinto other formatsoffered by RegionaNaturalParksor inter-municipal
bodies.

Finally the membersof the consortiumwere keento getthistool up andrunningby the start of the nextschoolyear.

At the time of the launchof this project, mostof the gamesalreadyavailableon the marketdealtwith « global» issues
suchasdeforestationor carbonemissionson a globalscale.No gameson aregionalscalein Normandydealingwith
climatechangeissuesemergedfrom the survey whichreinforcedthe consortium'sdesireto developthis tool.

Implementation of the project

Onthe basisof these deliberatelyvaguecriteria, in order to be ableto explorea wide range of proposals,various
companiesspecialisindgn educationalpublishingandthe creationof play conceptswere approached Oneof the key
selectioncriteriawasthe company'sability to provide supportin designinghe project. Theserviceproviderselected
put forward proposalsfor gameformats,andthe consortiumagreedona Z } ®brinat with questionsin the form
of cards.Thegamewaschosenin aform similarto that of the gameof the goose becausehe rulesof the gamewere
alreadyfamiliar to the target audience.From experience,gameswith innovativeformats (suchas Z &}« & XEE *S[U
presentedin this operationalgroup)require a considerableamount of time to explainthe rules,which could not be
envisagedor a target audiencein this agegroup. Asthe subjectwasalreadylittle known, it wasimportant for the
consortiumthat the rulescouldbe easilyintegrated.Atimetablewasdrawnup in agreementwith the serviceprovider,
schedulingthe production of the variousplatesand graphicproposalswith the aim of highlightingthe Normandy
context,climatechangeandthe multifunctionality of forests.
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The consortiumwas responsiblefor drafting the scientificand technicalmaps. Questionswere submitted both in
advanceby mailinglist and at the meetings,andthe answershadto be agreedat the meetings.Theconsortiumset
itself the target of drafting a certainnumberof questionand answersheetsper meeting,whichwere then submitted
to the serviceproviderwho, givenhisexperiencen educationapublishing couldthen provideadviceon reformulating
the contentif it did not seemintelligibleto schoolchildren.

Thiscollaborativeapproachgenerateda greatdealof discussiorwithin the consortium,whichincludedawide range
of stakeholders.Somequestions,for example,althoughrelevant, had to be set aside,as no consensusould be
reachedby the memberson the answersto be provided. In addition, the diversity of the profiles presentin the
consortiummeantthat a wide rangeof forestry issuescould be addressedy expertsacrossthe entire valuechain.
Thishelpedto enrichthe knowledgeof eachof the players,but alsoto understandeachother's points of view and
workingmethods.

Presentationof the game

The« Forestersijt's your turn to play» game(seeimage?2) is basedaroundten mainthemes:old trees, the forest,
youngtrees,cuttingdowntrees,harvestingvood, woodworkingprofessionsleisureactivitiesin the forest, plantsand
animals,and finally the usesof wood. Oneimportant point to bearin mind wasto maintainthe link with climate
changewhichisdealtwith in specificZ } v [anfl Z %0 ] £4rdso |

Image?2 : Presentatiorofthe « [ & } E +ifs @urttlrn to play » game.

Theaim of the game,which canbe playedby betweentwo andsixplayers(or teams),isto reachthe finishingsquare
first. Theplayertakeson the role of aforester,whosemissionis to managethe Normandyforestin hisor her careas
bestaspossiblein order to preserveit in the face of climate change.Todo this, eachteam rolls the die and moves
forward the correspondingrumberof squareschoosingheir path to reachthe finish.

Thesquareson the boardare circledin colour,eachcorrespondingo a different theme, andthe team stoppingon a
squaremustanswera questionon the associatedheme (10 questioncardsper theme). Dependingon the question,
there maybe one or more correctanswerslf the team makesa mistake,it mustmovebackone square;if it givesan
incompleteanswer,it doesnot move;andif it answerscorrectly, it is entitled to move forward one more square.A
maximumof two teamscansharea square;if athird teamarriveson that square jit muststop at the previoussquare.
Whenateamstopsona Z }v [of [Z %0 ] $Quare jt drawsa correspondingcard, performsthe actionindicatedon
the cardandendsits turn (20 bonusand pitfall cardsin total). Someof thesecardsindicatean actionthat canaffect
allthe teams.

Thewinningteamisthe onethat reacheghe Z (] v $guafrefirst, usinga fair counton the dice.If ateamexceeddhe
numberof squaredo the finish, it mustretraceits steps.

Variationscanmakethe gameeasieror faster,for exampleby replayinga correctansweror reachingthe finishsquare
without a correctcount. Foran older or more experiencecaudience the questionscanbe askedwithout a suggested
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answer,or the gamemastercanset a specificobjectivefor eachteam at the start of the game,suchasrejuvenating
the forest, conservingoiodiversity,or answeringat leastone questionfrom eachof the ten themes.

Difficulties and opportunities encounteredin developingthis innovation

No major difficulties were encounteredby the consortium.Firstof all, the budgetwasrespected.Theplanningand
timing weretight, whichwasboth a challengeandanopportunity for the developmentof thisinnovation.Thisenabled
the groupto work dynamicallyand maintaina steadypace,which preventedthe participantsfrom losingfocuson the
work at hand. Thiswasmadepossibleby the commitmentandresponsivenessf the partnersin the consortium,who
respondedo the variousrequestsin averyshort spaceof time, with no memberworkingfull-time on the project.

Distribution, feedbackand future developmentsfor the game

Thegamewasdistributedto 350 primaryschoolsand50 copieswere givento partnersin the projectandthe regional
forestry/woodindustry.It canbe usedaspart of an educationalprogrammein schoolsmedialibraries,associations,
localauthorities,or at specialeventssuchastrade fairsto raiseawarenessThegameis not currently on the market,
but manyusershaveexpresseadesireto acquireit. It isalsodistributedandusedto supportother nationalinitiatives,
suchasthe national Z i ii¢communes)a forét fait } o programme,in which local authorities make plots of land
availableto a schoolto manage.

Thegamewaspresentedand passedn to the other regionalforest Communitiequnits. Its relevanceandthe interest
shownby the other delegationsin the network haveled to plansfor a nationalversionof the game(currently being
studied). Theplanis to keepthe samegameboard, but for eachregionaldelegationto adaptsomeof the Z (} E
theme cardsto its own specificneeds.A national versionfeaturing all the cardsfrom the different regionscould
therefore be envisaged.

Europeanapplication

It may be possibleto spreadthis gamethroughout Europe,but a direct translation of the game does not seem
appropriate, as the questionsand answersdependon the legislationof each member country, which may have
different regulations.In France,the forestry code simplified the work, asit provided a framework on which the
consortiumcould work. Neverthelessjf somecountrieswishto developa similargame,exchange®r partnerships
couldbe discussedif this would savethe actorstime andallowthemto drawinspirationfrom the work alreadydone.

Interview with the Eurofornormoperational group coordinator

Mrs Ferrier,what is your visionof operationalgroupsand innovationin the forestry sectorin general?What is the
valueof workingin partnershipto achievetheseinnovations?

For me, cooperation between different playershas alwaysbeen a way of creating a very interesting emulation
betweenpeopleand particularlyeffective for developingcollectiveactions.Asco-ordinator, our aimis to build up a
habit of exchangdetweenthe membersof the operationalgroup;we establisha climateof trust that allowseveryone
to expressthemselvesfreely and to be a sourceof ideas. Working in partnershipin this way encouragesthe
stimulation and emergenceof new ideasthat enableus to innovatein our field. I'm a great believerin the African
proverb: Z o }we gofaster,togetherwego (LESZ E[X

So,beyondthe creationof this game,it's the developmentof workingrelationshipsbetweenthe partnersthat | find
particularlyinteresting.It allowsthem to getto know and understandthe playersinvolved,to learnfrom eachother
and to maintain a collaborativedynamicwithin the regions.And finally, it encourageshe developmentof new
partnershipprojectsin the future: perhapsafuture EIP?

3. Innovation title: UAV and multispectral camera to map stressed forest area3GRF)
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https://www.rivistasherwood.it/sherwood -digital/sherwood-digital-base 3.html
Introduzione

Il ForestHealth Monitoring (FHM),0 Monitoraggiodella SaluteForestale & un processovolto a valutarelo stato di
salute degli ecosistemiforestali (Trumbore et al. 2015) Questo monitoraggio coinvolge l'osservazionee la
registrazionddi variindicatori,comeil gradodi defoliazione Ja presenzali malattie o parassiti,e altri segnidi stress.
L'obiettivo principaledel FHMé rilevaretempestivamenteeventualicambiamentinellasalutedelle foreste al fine di
prendereprovvedimentiper mitigarei dannie preservarda salutedegliecosistemforestali(Eckeet al. 2022)

Instituire sistemidi FHMé particolarmenterilevantein un contestodi cambiamentoclimatico,dove la vegetazione
subiscesemprepiu spessaffetti di stressconperditadi attivita fotosintetica(Pulettiet al. 2019) e doveeventiestremi
comeincendie infestazionidi insetti (Kautzet al. 2024) e patogenidi altra natura sono semprepitl impattanti. E
diventato, quindi semprepiu importante ed essenzialger ogni gestoreforestale sia pubblico che privato istituire
sistemidi monitoraggioFHMal fine di poter mitigareeventualiproblematichesuisoprassuolicercandadi intervenire
prontamente.

Nelcontestoitaliano,maancheeuropeo,il monitoraggioin situ dellasalutedelleforesteé stato effettuato per diversi
decennisiaa livellolocale,cheregionalee globale attraverso o [ p $ ] di Jndipatoristandardbasatisurilievi di campo
effettuati daparte di personaleaddestratocheidentificanoper esempioil gradodi defoliazionedellachioma(Canullo
et al. 2012) Questereti di monitoraggiofornisconoun quadrostandardizzatger la valutazionedello stato di salute
delleforeste,tuttaviain unlimitato numerodi punti, checonsentedi avereun monitoraggioa scalanazionalemache
non e coerentecon le esigenzalei gestoriforestali. Infatti, i gestoriforestalipubblicie privati sitrovano semprepiu

spessaa dover affrontare I'impatto dei disturbiforestalisui propri soprassuole, comedetto in precedenzadiventa
fondamentale,implementaresistemidi monitoraggioFHM che identifichino prontamente eventualiproblematiche,
permettendointerventi tempestividi mitigazione.

I rilievi classicin situ, condotti da operatori, pero presentanoun alto gradodi incertezzapoichéla qualita dipende
dall'esperienzae dalla percezionesoggettivadegli osservatori.Per questo, sono necessarcorsi specificiper poter
procedereai rilievi in manierastandardizzatae ottimale. Inoltre, rilievi in situ risultano complessiogisticamentee
costosisiain termini di tempo che di manodopera Cioli rendefattibili soloa scaladi plot o di singoleparticelle.Per
guestomotivo, il telerilevamento(RSki e affermato come parte del FHM,consentendd'acquisizionedi indicatoridi
saluteforestalein modo obiettivo, quantitativo e ripetitivo a diversescalespazialilLambertet al. 2013; Eckeet al.
2024)

In questocontesto, il telerilevamentobasatosusatellitidominaancoralaricercae o[ %o %o 0 Jnel ettbée del FHM.
Infatti, i dati di immaginimultispettrali pubblicamenteaccessibilcome LandsatMODISe Sentinet2, consentonodi
istituire su ampie aree sistemidi monitoraggio,graziealla risoluzionetemporale e spazialeche il piu delle volte &
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sufficienteadidentificarei disturbi (Francinend Chirici2022) Tuttavia,comeevidenziatodaalcunericerche,i satelliti

possonopresentaredelle difficolta nel monitoraggiodovuto per esempioalla coperturanuvolosa(Giannettiet al.

2021)che puo impedire la vista di porzionidi foresta, e rendere o []+$]$ dl klstemidi allerta precocein alcuni

contesticomequellimontanidellealpie o00[ %o %0 WnalseoluXionea questeproblematiche per esempio,sono

gliaereiconequipaggicchepossonaovolaresotto la coperturanuvolosa(Eckeet al. 2024) Tuttavia,nellapratica,visti

gli alti costi e le limitazionilogistiche,questi supporti non vengonoutilizzati, se non annualmenteo con cadenza
pluriennalesugrandisuperfici.Questoli rendedi fatto, noncongrui oo[] v §](]prdddoedeglistress(Eckeet al.

2024)

Ein questanicchiachegli UAV(UnmannedAerial Vehicle)hannotrovano un crescenteutilizzo,non comeconcorrenti
macometecnologiacomplementarealle piattaformetradizionalidi osservazionelellaTerra(Eckeet al. 2024) Anche

v 00| udeEGruppoOperativoEIRAGRIGo-SURFiN regioneToscanadroni dotati di cameremultispettrali sono

stati utilizzatiper mapparegli stressai soprassuolforestali.ll GOSURSURR "]+ § di SUppoRtalecisionalealla
pianificazioneForestale*}+$ v] Jtanfatti ha lavorato per sviluppareun Sistemadi SupportoDecisionale(SSD)
innovativoper la gestioneforestalesostenibile utilizzandoanchevarie tecnologiein alcunearee pilota in modo tale

da fornire ai proprietari e tecnici forestali informazioniutili alla gestionecon un approcciobasatosulla *%. E ]e]}vVv

(}E - $G@manettiet al. 2023)

GliUAV rispetto ai satelliti e agliaerei,copronoaree piu ristrette ma sonoinsuperabiliper risoluzionespazialeche
pudarrivarea GroundSamplinddistance o0 o [ } Gélejem.Inoltre, sonomolto efficientiin termini di costi,flessibilita
e soprattutto tempi di rivisitache possonoesserefrequenti poichédipendonosoltanto o00[}% & S$}E X

>[ QEhepudesserecopertaconquestivelivolivariada un ettaro a diversichilometriquadratiin un singolovolo.La
coperturaé influenzatasoprattutto deltipo di UAV dallatecnologiadi propulsione daltipo di fotocamera,daltipo di

terrenoe 00| *¢] Job§ @&nchele normative sul funzionamentodegli UAV devono essereconsiderate
comefattore limitante allacopertura.Tuttavia,il nuovoregolamentoEuropeoidentificala possibilitadi volaread una
guotadi 120m soprail livello del terreno conunadistanzadi buffer di 500m chepermette di copriretranquillamente
coni droni piu performantianchel0-20 haconun unicovolo.

Oltre allatipologia di drone, cid che fa la differenza v o o [] * SUrsgigtéadi FHM ¢ il sensoreche il drone pud
trasportareabordo. Negliultimi tempi, sonodiventatedisponibilisulmercatonumerosenuovecameremultispettrali.
Questecamere grazieallaloro capacitadi acquisirediverselunghezze [} v dellospettroelettromagneticopossono
essereutilizzateper mapparevaritipi di stressforestale(Barzaglet al. 2018;Zhanget al. 2019;Eckeet al. 2022)

Tuttavia,la varietadi cameredisponibilesul mercatoe i variindici di vegetazioneche si possonoderivareda queste,

rende difficile orientarsiin un panoramadi ricercae avanzamentdecnico costante.Perquestomotivo, il presente
articolo mira a fornire un quadro conoscitivosugliindici di vegetazioneutili a mapparegli stressdellavegetazione
forestale fornire un quadrosualcunedelle cameredisponibilisulmercatoe sulletecnichedi elaborazionepit semplici
0 promettenti, basandosisui risultati del progetto GOSURFe ponendo attenziona anche alla letteratura

internazionaleal fine di offrire informazioniutili ai tecniciimpegnatinei monitoraggiforestali.

Lecameremultispettrali e gli indici di vegetazione

Lecameremultispettralisonodispositividi imagingavanzatiche catturanoinformazionivisivesu diversebandedello
spettroelettromagnetico Questebandepossondncludereil visibile(rossoverde,blu) e il infrarosso(NIR) edin alcuni
casiil vicinoinfrarosso(RedEdge) Utilizzandoguestediverselunghezzed'onda,le cameremultispettrali forniscono
dati dettagliati che possonoessereutilizzati per analizzarevari aspetti della vegetazione del suolo, forestale, in
particolare,graziealla possibilitadi acquisireinformazioniv oo [/ v ( @ p&ssibilgindagare o[ § § Jatdsintetica
delle piantee quindivalutarela salutedeglialberi,evidenziarda presenzali malattie o altri tipi di stress Al paridelle
camereRGBpossonocessereutilizzateper acquisizionfotogrammetricheche consentonaodi derivarenon solodati 2D
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(ortomosaicomultispettrale), ma anche per derivare dati 3D come nuvole di punti e DSMuitili per o[ v délg
struttura forestale(Barzaglet al. 2018;Giannettiet al. 2020)

Tuttavia,il loro principalevantaggio,comegiariportato in precedenzag la possibilitache questecamerehannodi
catturare immagini in diverse lunghezzed'onda dello spettro elettromagnetico, permettendo agli operatori di
distinguerevariazioninel contenuto di clorofilla nellavegetazioneche possonoindicareprontamentela presenzadi
uno stress,di malattie o la presenzadi patogeni. Infatti, graziealla possibilitadi acquisireinformazionia diversa
lunghezza [} v possonoesserefacilmenteutilizzate per derivarediversiindici di vegetazioneattraversosemplici
operazionimatematichetra le immaginidelle diversebande,tramite anchei normali applicativiGlScome QField
attraversole funzionidel calcolatoreraster.

Tragli indici di vegetazioneche possonoesserecalcolatiriportiamo quelli in tabella 1 che risultano esserei piu
promettenti per il monitoraggiodegli stressin ambiente forestale e che possonoesserecalcolaticon le camere
attualmentein commercio.

Tabella 1l t Indici di vegetazione utili al monitoraggio forestale che possono essere calcolati con camere
multispettrali

Indicedi Vegetazione Formula

NDVI (Normalized Difference Vegetatiof
Index) NDVIE(NIR «Rossq/(NIR+RossQ

NDRENormalizedifferenceRedEdge)
NDRE=(NIR «RedEdg¢/ (NIR+RedEdge)

GNDVI (Green Normalized Difference GNDVE (NIR «/erde)/(NIR+ Verde)
\Vegetationindex)

LCI(LeafChlorophylindex) LCK(RedEdgeRosso)/(RedEdge+R0ss0)
SAV[SoitAdjustedVegetationindex) SAVE((1+L)(NIR R0ss0))/( NIR+Rosso+L)

dove L & una costante che dipende dalle condizioni del suolo
(tipicamente .=0.5

OSAVI (Optimized SoitAdjusted OSAVE(NIR-Ross0)/(NIR+Ross0+016)
\Vegetationindex)

MCARI(Modified Chlorophyll Absorptiof MCARE((RedEdgeRoss0)}0.2*(RedEdgeVerde))/ (RedEdge+Rossp
Ratiolndex)

CIREChlorophylindexRedEdge) CIRE(NIR/RedEdge)1
EVI(Enhanced/egetationindex)

EVI(Enhanced/egetationindex) EVIE2.5*%((NIR-Ross0)/(NIR+6*Rosso-7.5*Blu+1)
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VARI (Visible Atmospherically Resistarj VARE(Verde-Rossg/(Rosso+Verde-blu)
Index)

L'NDVE,forse, o []v giuutilizzatoper monitorarela salutedelle piante, tuttavia la suasaturazioneavolte nonaiuta
ad individuaregli stressprecocementein foresta. > []v ]sibdsasulfatto chela clorofilla nelle piante vive riflette
fortemente la luce nel vicino infrarosso(NIR)e assorbela luce rossa,quindi valori alti di NDVI,vicinoa 1, indicano
vegetazionalensae sana,mentre valoribassisotto 0.7 suggerisconatresso, sotto 0.6, morte delle piante. Secondo
perd o[ *% EpRIGIOSURFe o[ v dédlidbibliografiaanchenel contesto della pioppicoltura(Chianuccet al.
2021) o[ E msultaforse o []v henoaccuratoper o[]v ]A] pdepjistressin particolare,il GNDVtisultamolto
piusensibile oo[ omre€Bce Questoindicee molto simileall'NDVIjn quantositratta di unindicenormalizzatocio
chelo differenziae il fatto di utilizzarenellanormalizzazioneon la bandadel NIRIa bandaverdeinvecedellarossa.
Questolo rendeutile permonitorarepianteconaltadensitadi foglieo peridentificarestressidrico,rendendopossibile
anchepuv | o opré@dce(Raddiet al.2021) Perlavalutazionedelcontenutodi clorofilla,invece, o [ > nolto sensibile
allaclorofillapresentenellefoglie (GallardeSalazaet al. 2023) Laclorofillaassorbeortemente lalucerossae riflette
la luce nel RedEdge,questo rende questo indice utile alla stima anchediretta del contenuto di clorofilla, come
indicatore della capacitafotosinteticadella pianta. Allo stessomodo il CIREChlorophyllindexRedEdge)che perd
risultaancorapiu correlatoancheallo stato nutrizionaledelle piante (Kleinsmanret al. 2023)

Pero[] v3&](] deéllystressdellepianteanchein porzionidi chioma, o [ E &particolarmenteutile. Infatti, il Red
Edgeé molto sensibileai cambiamentinellastruttura dellafogliae al contenutodi clorofillae consentedi individuare
piccolevariazioni~ D ]v Eard Langhamme®016) Inoltre, & utile per identificare piante che potrebbero essere
affette da malattie o carenzenutrizionaliprima che questi problemisianovisibiliad occhionudo. Il MCARE invece
progettato per esseremenosensibilealle variazionidel suolo,e migliorala capacitadi rilevarelo stressdelle piantein
ambienti eterogenei,dove si hanno anche porzionidi suolo scoperto(Zouet al. 2019) Per la valutazioneinvece

oo[ 3 3pAdFotosintesie dell'Attivita Vegetativa)'EVImigliorala sensibilitanelle areedi alta densitavegetativa
e riducele interferenzeatmosferichee delsuolorispetto al’lNDVIMentre, il VARpu0 essereutilizzatoper monitorare
la vegetazionautilizzandosolole bandevisibili,rendendoloutile in condizioniin cuile bandeNIRnon sonodisponibili
comequellodellecamereRGB.

Droni e cameremultispettrali in commercio

Trai droni chenasconoconsensoremultispettraleintegrato, DJIMavic3M combinaunafotocameraRGBla 20 MP e
4 fotocameremultispettralida 5 MP che acquisisconmelle bandedel verde (560nm+16nm)rosso(650nm+16nm),
RedEdge(730+16nm)e NIR(860nm+26m) e sensoredi luceintegrato,checonsentedi catturare o [ ] E E sdlarel
utile in fasedi post-processinger lacompensazioneli eventuali » « o #ljlucenelleimmagini. >futonomiadi volo
dichiaratadal produttore e di 43 minuti conunacoperturaper volodi 2kn?. Il drone & in commercicancheconmodulo
RTKchepermette la georeferenziazionéelrilievo conalta precisione.

Trai droniDJlconsensorentegratoancheil P4AMultispectralé dotato di 6 diversecamereda2,08MP: unafotocamere
RGEe cinquefotocameremultispettralicheacquisisconmelle bandedel blu (450+16nm),verde(560+16nm),rosso
(650£16nm)RedEdge(730+16nmE vicino-infrarosso(840+26nm)Anchequestodrone é dotato di sensoredi lucee
di moduloRTKII produttore dichiaraunaautonomiadi volo di 27 minuti ed unaoperativitamassimagper singolovolo
di 0.63km?. In unrecentestudioin Germania(Eckeet al. 2024)questodrone & stato utilizzatoper acquisireimmagini
multispettrali ad alta risoluzionedi 235 diverse aree di monitoraggio forestale di larga scala(ICPLevell plots)
distribuite in Baviergper un tempo di monitoraggiodi tre anni(20202022).Nonostante siastato utilizzatoun dataset
eterogeno poiché acquisito nel tempo, con diverse condizioni meteorologiche e di illuminazione,in foreste
caratterizzatedaunadiversacomposiziones distribuite in un ampiaareadi studio, o[ & Sgviflerjziacomesiastato
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possibileclassificareinquespeciedi alberi,alivellodi genere glialberimorti e lo stato di salutedelle principalispecie
di alberipresentiper un totale di 14 diverseclassiutilizzandal'architettura EfficientNetCNN .Questametodologiadi

monitoraggio,inoltre, haridotto significativamente costie i tempi di acquisizionen campo,consentendaancheuna
standardizzaziondel dato.

Trale camerecheinvecesipossonomontaresudiversitipi di droni, tra cui per esempioDJIMatrice 300, WingtraOne
Genll, senseFlyeBeeXJa MicaSensdRedEdgeVX é tra le piu efficienti ma anchetra le piu costose.Questacamera
puo catturareimmagininellebandeBlu(475nm + 20nm), verde(560nm £ 20nm),rosso(668nm+ 10nm), RedEdge
(717 nm £ 10 nm) e vicinoinfrarosso(840 nm + 40 nm) ed offre una precisionee una coerenzaspettrale elevate,
rendendolaidealeper I'analisidellavegetaziondorestale.Lacameraé dotata di un sensoredi luce e di un pannello
diriflettanzaper la suacalibrazionechedeveessereacquisitonel momentodi decolloe atterraggiodel drone.

Figural - droneWingraONEGENI concameramultispettrale
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Figura2 - CameraMicasenseRedEdgdrXconpannellodi riflettanza

Figura3 - Immaginemultispettraleacquisitacon drone cameraMicasenseRedEdgdrxa sinistravisionenelle bande
RedEdgdrosseVerde,a destracalcolodell'indiceNDVisullastessammagine

Potenzialita o o[ p 3 Peildugerpixelper o[] v3](] dédlistress

Questacameraé statatestataanchev o o[ udpgrogetto GOSURHN cui é stataimpiegataper o[ <p]e]dj}v
diverse aree in Toscanaattraverso o [ i $] déll dfone WINGTRAONEGENII. >[ o }&E deglle immagini ha
permessaoattraversotecnichedi segmentaziondasatesul ‘SimpleLinearlterative Clustering~ ” > /(Achantaet al.
2012)diindividuarele piantemorte e deperimentiattraversoo [] v 3] (] diddgliedistress.LoSLI@ unalgoritmo
utilizzato per la segmentazionalelle immagini,in particolareper crearei cosiddetti  » 4 %0 E %spgerpixelEono
gruppi di pixel contigui con caratteristichesimili, che semplificanol'analisi dell'immagineriducendoil numero di
elementida considerare pur mantenendola maggiorparte delle informazionirilevanti. Nello specifico,v oo[ u ]§}
del progetto GOSURHe immagini multispettrali acquisite sono state elaborate con software fotogrammetico
MetashapeAgisoftal fine di generareun ortomosaicoa diverse[bandeBlu(475nm + 20 nm),verde(560nm + 20 nm),
rosso(668nm = 10 nm),RedEdge(717nm + 10 nm), vicinoinfrarosso(840nm £+ 40 nm)]. Leimmaginiimportate nel
softwareR-Cranutilizzandovari pacchettidi processamentosonostate utilizzateperinizializzareo [ o P } ®litamfeX
o[]v]1] o]lllalgpFitmoidentificaconunadistribuzioneuniformei centridi superpixebullimmagine Dopoquesto
processo,ogni pixel oo[]Juu Ri¢me assegnatoal superpixelil cui centro & piu vicino in termini di distanza
combinata(spazice colore).Ladistanzacombinatatiene conto siadelle coordinatespazialidei pixel che dei valoridi
coloreidentificativ oo []Juu (BppzicCIELAB)> [ o P } Garpsedgiterativamentefino adindividuaree segmentare
le singolechiome. E possibileutilizzare questo algoritmo anche attraverso software Desktopcome SAGAGIS .Dai
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diversitest effettuati v o o[ udgfgrogetto GOSURISI e individuatochela segmentazionén ambienteforestale
funzionamolto bene ancheutilizzandosoltanto la bandadel RedEdgee non bandemultiple. Infatti, questabanda
sembraesserela pit sensibile oo[]v JA] ellgkingolechiome,o porzionidi chiomacaratterizzateda attivita
fotosinteticasimile.ll metodo di segmentazioneiducei tempi rispetto a metodi complessk rilevaaccuratamentde
singolechiome,o porzionidi chiomacon attivita fotosinteticadiversa,come ad esempioquelle morte o deperenti.
Tuttavia, per arrivare al passaggiai classificazionen diverse classidi decadimento(porzionedi chiomamorta,
porzionedi chiomadeperente,porzionedi chiomaviva)é necessaria@strarresuipoligonichevengonogeneratidallo
SLI@liindicidi vegetazionesuiqualicalibrarele sogliedi individuazionedelle piante morte. In questomodo, per ogni
superpixelvengonoapplicatedelle soglieagliindici di vegetazioneper classificarlcomerappresentantipiante sane,
stressateo morte. Il vantaggiodi questometodo é chela segmentazionelei superpixelriduceil numerodi unita da
analizzarerendendol'analisipit veloceed efficiente, inoltre, i superpixeltendono a seguirei contorni naturalidelle
piante, migliorandol'accuratezzalellaclassificazion@spetto ai metodi basatisu pixel singoli.

Figura4 - identificazionedeisuperpixetontornibianchi,a sinistravisione o o[]uu ReJlacomposizionénfrarosso
(NIR)rossoe verde,a destranellavisioneRedEdgeRRossce Verde

L'uso dei SLICSuperpixelsnelle immagini da drone rappresentauna tecnica avanzataper l'identificazionee il
monitoraggiodelle piante morte. Attraversola segmentazionelelleimmaginiin regioniomogeneee I'applicazionedi
soglie su indici di vegetazione ¢ possibileottenere una mappaaccuratadelle aree problematiche,permettendo
interventi tempestivie mirati nellagestionedelle colture.

Trale altre camerein commerciomultispettraliad un costominore rispetto a quanto evidenziatoin precedenzaci
sonola ParrotSequoiala SenteraDouble4K,la Mapir Survay3ge la Mapir Survay2Tutte questecamereal pari delle
altre acquisisconanformazionimultispettralinelle bandedel rosso,blu, verde, e vicinoinfrarosso,manon nel vicino
infrarossoRedEdge Questole rendemeno performantinel calcolodi alcuniindiciriportati in precedenza.
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Figura5 - DJIPhantom3 equipaggiatocon MAPIRSurvay3 cheacquisicenellebandeRossoVerde Infrarosso

Conclusioni

Dato o[ § S fermento in termini di ricercae produzione,é davverocomplessadare una pienavisionedi tutte le
camereche sonoin commercioin questomomento. Tuttavia, per la nostraesperienzayisultafondamentaleporre
o[ §3% vliduquellecamerechepermettonodicalcolareun numeromaggiorediindicidi vegetazionegontribuendo
cosia mapparein manieraprecisaeventualidanni,in quanto diventasemprepiu di primariaimportanzariuscirea
intervenire prontamente. Infatti, nonostante alcune limitazioni, i droni equipaggiaticon camere multispettrali
rappresentanauno strumento potente e versatileper il monitoraggioforestaleche puo essere comedimostratodal
progetto GOSURFgia implementato a livello italiano. Si prevede che ulteriori sviluppitecnologicie la crescente
accessibilitai droni renderannoquestistrumentisemprepiu fondamentalinellagestionesostenibiledelle foreste.
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Abstract

ForestHealthMonitoring (FHM)is essentialfor assessingnd maintainingthe health of forest ecosystemsespecially
in the contextof climatechange Whiletraditionalin situ surveysare limited by subjectivity logisticalcomplexity,and
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highcosts,remote sensing RSpffersamore efficientalternative. AmongRSechnologiesUnmannedAerialVehicles
(UAVsequippedwith multispectralcamerashaveprovenparticularlyeffective. Thesaedronesprovidehighresolution,
costeffective, and flexible monitoring solutions, capturing detailed data acrossvariouswavelengths.Thisenables
preciseidentificationof vegetationstressanddamagefacilitatingtimely andtargetedinterventions.Asdemonstrated
by the GOSURPproject, UAVswith multispectralsensorsare becomingindispensableools for sustainableforest
management.

Introduction

ForestHealthMonitoring (FHM)is a processaimedat assessinghe health statusof forest ecosystemgTrumboreet
al. 2015).Thismonitoring involvesobservingand recordingvariousindicators,suchasthe degreeof defoliation, the
presenceof disease®r pests,and other signsof stress.Themain goalof FHMis to promptly detect any changesn
foresthealthin order to take measuredo mitigate damageand preservethe health of forest ecosystemgEckeet al.
2022).

Establishing=HM systemsis particularly relevantin the context of climate change,where vegetationincreasingly
experiencestresseffectswith alossof photosyntheticactivity (Pulettiet al. 2019),and where extremeeventssuch
asfiresandinsectinfestations(Kautzet al. 2024)andother pathogensare becomingmore impactful. Therefore,it has
becomeincreasinglyimportant and essentialfor every forest manager,both public and private, to establishFHM
monitoring systemgo mitigate potential problemsin the forest standsandto intervenepromptly.

Inthe Italianand Europearcontext,in situ forest health monitoring hasbeencarriedout for severaldecadesat local,
regional,and globallevels,usingstandardindicatorsbasedon field surveysconductedby trained personnelwho, for
example,identify the degree of crown defoliation (Canulloet al. 2012). Thesemonitoring networks provide a
standardizedrameworkfor assessindprest health,thoughat alimited numberof points, allowingfor nationalscale
monitoring, but not aligningwith the needsof forest managersPublicand private forest managerdncreasinglyface
the impact of forest disturbanceson their standsand, as previouslymentioned, it is crucialto implement FHM
monitoringsystemghat promptly identify potential problems,enablingtimely mitigationinterventions.

However,classicin situ surveysconductedby operatorspresenta high degreeof uncertainty becausethe quality
dependson the experienceand subjective perception of the observers.Therefore, specifictraining coursesare
necessaryo carryout surveysn astandardizecandoptimalmanner.Moreover,in situ surveysarelogisticallycomplex
and costlyin terms of time and labor, makingthem feasibleonly at the plot or singleparcelscale.For this reason,
remote sensing(RShasestablishedtself as part of FHM,allowingthe acquisitionof forest health indicatorsin an
objective,quantitative,andrepetitive mannerat variousspatialscalegLambertet al. 2013;Eckeet al. 2024).

In this context, satellite-basedremote sensingstill dominatesresearchand applicabilityin the FHMsector.Indeed,
publicly accessiblenultispectralimagedata suchas Landsat MODIS and Sentinel2, allow for monitoring systems
overlargeareasthanksto the temporalandspatialresolutionthat is often sufficientto identify disturbancegFrancini
and Chirici2022). However, as highlighted by someresearch,satellitescan present difficulties in monitoring, for
exampledue to cloud cover (Giannettiet al. 2021)that canobscureportions of the forest, makingit challengingn
somecontexts,suchasthe mountainousareasof the Alpsand the Apenninesto establishearly warning systems.
Thesdssuesfor instance areincompatiblewhenbiotic or abioticfactorscauserapid changesn forests. Toovercome
theseproblems,mannedaircraftcanmeettheserequirementsbecausehey canfly belowthe cloudcover(Eckeet al.
2024).However,in practice,dueto highcostsandlogisticallimitations,they are usedonly annuallyor bienniallyover
largeareas.Thismakesthem, in fact, not suitablefor earlyidentificationof stress(Eckeet al. 2024).

It isin this contextthat UAVshavefound increasinguse, not as competitorsbut asa complementarytechnologyto
traditional Earthobservationplatforms (Eckeet al. 2024).In the context of the Go-SURFperationalGroup,drones
equippedwith multispectralcamerashavebeenusedto mapstressin forest stands.UAVscomparedto satellitesand
aircraft,coversmallerareasbut are unbeatablein spatialresolution,whichcanreacha GroundSamplingDistanceon
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the order of centimeters.Theyare alsovery efficient in terms of costs,flexibility, and especiallyrevisittimes, which
canbe frequentasthey dependonly on the operator.

Theareathat canbe coveredwith these UAVrangesfrom one hectareto severalsquarekilometersin a singleflight.
The coverageis mainly influencedby the type of UAV,propulsiontechnology,cameratype, terrain type, and area
accessibilityAlso,UAVoperationregulationsmustbe consideredasa limiting factor for coverage However the new
Europearregulationallowsflyingat analtitude of 120metersabovegroundlevelwith abuffer distanceof 500meters,
whichallowseventhe most performantdronesto comfortablycover10-20 hectaresin a singleflight.

However,besidesthe drone, what makesthe differencein establishingan FHMsystemis the sensorthe drone can
carryonboard.Recentlynumerousnew multispectralcamerashavebecomeavailableon the market. Thesecameras,
thanksto their ability to capturedifferent wavelengthf the electromagneticspectrum,canbe usedto mapvarious
typesof forest stress(Barzaglet al. 2018;Zhanget al. 2019; Eckeet al. 2022).

Neverthelessthe variety of camerasavailableon the marketand the variousvegetationindicesthat canbe derived
from them makeit difficult to navigatea constantlyevolvingresearchandtechnicaladvancementandscapeForthis
reason,this articleaimsto providean overviewof vegetationindicesusefulfor mappingforest stress,an overviewof
someof the camerasavailableon the market,andthe moststraightforwardor promisingprocessingechniquespased
on the resultsof the EIRAGRIGOSURFNd also consideringinternational literature, to offer usefulinformation to

techniciangnvolvedin forest monitoring.

Multispectral Camerasand VegetationIndices

Multispectral camerasare advancedimagingdevicesthat capture visualinformation acrossdifferent bandsof the

electromagnetispectrum.Thesebandscanincludethe visiblespectrum(red,green,blue)andthe nearinfrared (NIR),
and in somecasesthe red-edge nearinfrared. By usingthese variouswavelengths multispectralcamerasprovide
detailed data that canbe usedto analyzevariousaspectsof vegetation,soil, and forests. Specificallythanksto the

ability to acquireinformationin the infrared spectrumijt is possibleto investigatethe photosyntheticactivity of plants,
assessree health,andhighlightthe presenceof disease®r other typesof stress LikeRGBcamerasthey canbe used
for photogrammetricacquisitionsthat allow the derivationof not only 2D data (multispectralorthomosaic)but also
3Ddatasuchaspoint cloudsanddigital surfacemodels(DSMusefulfor analyzingorest structure(Barzagléet al. 2018;
Giannettiet al. 2020).

However their main advantage as previouslymentioned,is their ability to captureimagesin different wavelengths
of the electromagnetispectrum allowingoperatorsto distinguishvariationsin chlorophylicontentin vegetationthat

can promptly indicate the presenceof stress,diseasesor pathogens.Indeed, thanksto the ability to acquire
information at different wavelengthsthey can be easilyusedto derive variousvegetationindicesthrough simple
mathematicaloperationsbetween the imagesof different bands,also usingcommon GlSapplicationslike QField
throughthe rastercalculatorfunctions.

Amongthe vegetationindicesthat canbe calculated we report thosein Tablel, which are the most promisingfor
monitoringstressin forestenvironmentsand canbe calculatedwith currently availablemultispectralcameras.

Tablel t VegetationindicesUsefulfor ForestMonitoring ThatCanBe Calculatedvith MultispectralCameras

Indicedi Vegetazione Formula

NDVI(NormalizedDifferenceVegetationindex)
NDVIE(NIR «Red)/(NIR+Red)

NDRENormalizedDifferenceRedEdge)

NDRE=(NIR «RedEdg¢/ (NIR+RedEdge)
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GNDVI (Green Normalized Difference VegetatiolGNDV# (NIR «Green/(NIR+ Green
Index)

LCI(LeafChlorophylliindex) LCE(RedEdgeRed/ (RedEdgeRed)
SAV[SoitAdjustedVegetationindex) SAVE((1+L)(NIR «Red))/( NIR+HRed+L)

dove L e una costante che dipende dalle condizioni
del suolo (tipicamente .=0.5

OSAV(OptimizedSoitAdjustedVegetationindex) OSAV#H(NIR-Red)/( NIR+Red+0.16)

MCAR(Modified ChlorophyllAbsorptionRatiolndex) MCARE((RedEdgeRed)-0.2*(RedEdge
Verde))/ (RedEdge-Red)

CIREChlorophylindexRedEdge) CIRE(NIR/RedEdge)1

EVI(Enhanced/egetationindex)

EVI(Enhanced/egetationindex) EVI=2.5*((NIR-Red)/(NIR+6* Red-7.5*Blue+1)

VAR VisibleAtmosphericalljResistanindex) VARFE(GreenRed)/( Green+RedBlue)

TheNDVI(NormalizeDifferenceVegetationindex)is perhapsthe mostwidelyusedindexfor monitoringplant health.
However its tendencyto saturatecansometimeshinderthe earlydetectionof stressin forests.Theindexis basedon
the fact that chlorophyllin living plants stronglyreflects nearinfrared (NIR)light and absorbsred light. HighNDVI
values,closeto 1, indicate denseand healthy vegetation,while lower valuesbelow 0.7 suggeststress,and values
below0.6indicateplantdeath.However accordingo the experienceof the GOSURIprojectandthe literature review
in the contextof poplarcultivation(Chianuccet al. 2021),NDVImaybe the leastaccurateindexfor detectingstress.

Forinstance the GNDV[GreenNormalizedDifferenceVegetationindex)is more sensitivefor earlywarningof stress.
Thisindexis similarto NDVIbut usesthe greenbandinsteadof the red bandfor normalizationwith the NIRband.This
makesit usefulfor monitoring plants with high leaf density or identifying water stress,allowingfor early warnings
(Raddetal.2021).Forassessinghlorophylicontent,the LC(LeafChlorophylindex)isverysensitiveto the chlorophyll
presentin leaves(GallardeSalazaket al. 2023).Chlorophyllabsorbsred light and reflectsred-edgelight, makingthis
indexusefulfor directly estimatingchlorophylicontent, which is an indicator of the plant's photosyntheticcapacity.
Similarly, the CIRE(Chlorophyllindex Red Edge)is even more correlated with the nutritional status of plants
(Kleinsmanret al. 2023).

TheNDRENormalizedDifferenceRedEdge)is particularlyusefulfor identifying plant stressin canopysections.The
RedEdgeis very sensitiveto changesn leaf structure and chlorophyllcontent, allowing for the detection of small
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variations ~D ]v @ndILanghammer2016). It is useful for identifying plants that may be affected by diseasesor

nutritional deficienciesdeforetheseissuesare visibleto the nakedeye. TheMCAR[Modified ChlorophyllAbsorption
Ratio Index) is designedto be less sensitiveto soil variations, enhancingthe ability to detect plant stressin

heterogeneougnvironmentswith exposedsoil (Zouet al. 2019).Forevaluatingphotosyntheticactivityandvegetative
vigor, the EVI (EnhancedVegetation Index) improves sensitivity in high-density vegetation areas and reduces
atmosphericandsoilinterferencescomparedio NDVI.TheVAR(VisibleAtmosphericaljResistantndex)canbe used
to monitor vegetationusingonly the visiblebands,makingit usefulin conditionswhere NIRbandsare unavailable,
suchaswith RGBcameras.

Dronesand Multispectral Camerason the Market

Amongdroneswith anintegratedmultispectralsensor,the DJIMavic3M combinesa 20 MP RGBcameraand four 5
MP multispectralcameraghat capturein the green(560nmz16nm)red (650nm+16nm)red-edge(730+16nm)and
NIR(860nmz26nmands,alongwith an integratedlight sensor.Thissetup capturessolarirradiance,allowing for
post-processingcompensatiorfor anylight fluctuationsin the images.Themanufacturerclaimsa flight autonomyof
43 minuteswith a coverageper flight of 2 km2. Thedrone is also availablewith an RTKmodule, providing precise
georeferencingf the surveywith highaccuracy.

AnotherDJldronewith anintegratedsensotisthe P4AMultispectral,equippedwith sixdifferent camerasof 2.08MP v
one RGBcamera and five multispectral cameras capturing in the blue (450+16nm),green (560+16nm),red
(650+16nm)red-edge(730+16nm)andnearinfrared (840+26nmpands.Thisdrone alsofeaturesa light sensorand
RTKmodule for light correctionin the imageand precisegeoreferencingof the survey. Themanufacturerclaimsa
flight autonomyof 27 minutesand a maximumoperationalareaper flight of 0.63km2. In arecentstudyin Germany
(Eckeet al. 2024),this drone was usedto acquirehigh-resolution multispectralimagesof 235 different large-scale
forest monitoring areas(ICPLevell plots) distributed in Bavariaover a three-year monitoring period (20202022).
Despitethe heterogeneousiatasetacquiredovertime undervariousweatherand lighting conditions,in forestswith
diversecompositionsspreadover a largestudyarea,the articledemonstrateshow it waspossibleto classifyfive tree
speciesat the genuslevel,deadtrees, and the health statusof the maintree speciesnto 14 different classesising
the EfficientNetCNNarchitecture. The article highlightsthat this monitoring methodologycan significantlyreduce
field acquisitioncostsandtimes,allowingfor datastandardization.

Amongthe cameraghat canbe mounted on varioustypesof drones,suchasthe DJIMatrice 300, WingtraOneGen
II, and senseFleBeeXthe MicaSensdredEdgéviX standsout asone of the most efficient but alsoone of the most
expensive Thiscameracapturesimagesin the blue (475nm+20nm)green(560nm+20nm)red (668nm+10nm)red-
edge (717nmx10nm),and nearinfrared (840nm+40nm)bands, offering high spectral precisionand consistency,
makingit idealfor analyzingorest vegetation.Thecamerais equippedwith alight sensoranda reflectancepanelfor
calibration,whichmustbe capturedat the drone'stakeoff andlanding.

Thiscamerawas alsotested in the GOSURFproject, where it wasusedto acquireimagesof variousareasin the

Tuscanyegionusingthe WingtraOneGenll drone.Imageprocessinghroughsegmentatiortechniquesbasedon the

AN u %hioear Iterative Clustering ~ >/ method (Achantaet al. 2012) allowed the identification of dead and

decliningplants by identifying stressthresholds.SLIGs an algorithm usedfor image segmentation particularlyfor

creating superpixelss groups of contiguous pixels with similar characteristics which simplify image analysisby

reducingthe numberof elementsto considerwhile maintainingmost of the relevantinformation. Specificallyin the

GOSURPMproject, multispectral imageswere processedusing photogrammetric software Metashape Agisoft to

generatean orthomosaicin different bands(blue, green,red, red-edge, nearinfrared). Theimageswere imported

into RCransoftware,usingvariousprocessingackageso initializethe algorithm.Duringinitialization,the algorithm
uniformly distributes superpixelcenters acrossthe image. Thesecenters are chosento cover the entire image
uniformly. Eaclpixelin the imageisthen assignedo the nearestsuperpixecenterbasedon combineddistance(space
and color). Thecombineddistanceconsidersboth spatialcoordinatesand color values(CIELABpace).Thealgorithm
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iteratesuntil it segmentghe individualcanopiesThisalgorithmcanalsobe usedthrough desktopsoftwarelike SAGA
GIS.Testsconductedin the GOSURFproject showedthat forest environmentsegmentationworks very well even
usingonly the red-edgeband, not multiple bands.Thisband seemsmost sensitiveto identifyingindividualcanopies
or canopyportionswith similarphotosyntheticactivity. Thesegmentatiormethod reducesime comparedto complex
methodsandaccuratelydetectsindividualcanopiesor canopyportionswith different photosyntheticactivities,such
asdead or decliningcanopyportions. However,to classifydifferent decayclasseqdead canopyportion, declining
canopyportion, live canopyportion), vegetationindicesneedto be extractedfrom the polygonsgeneratedby SLIC,
calibratingthresholdsto identify deadplants. Thus,for eachsuperpixelthresholdsare appliedto vegetationindices
to classifysuperpixelsas representinghealthy, stressed,or dead plants. The advantageof this method is that
superpixelsegmentationreducesthe number of units to analyze,makingthe analysisfaster and more efficient.
Additionally,superpixelg¢end to follow the natural contoursof plants,improvingclassificatioraccuracycomparedto
singlepixelmethods.

Figurel - Identificationof Superpixelsvith White Contours Detectionof DecliningCanopyin Yellow,andDeadCanopy
Portionsin Blue

Theuseof SLIGuperpixelsn droneimageryrepresentsan advancedechniquefor identifyingand monitoring dead
plants.Bysegmentingmagesinto homogeneousegionsand applyingthresholdson vegetationindices,it is possible
to obtainanaccuratemapof problematicareas allowingfor timely andtargetedinterventionsin crop management.

mong other multispectralcamerason the market at a lower costcomparedto those previouslymentionedare the

ParrotSequoiathe SenteraDoubledK,the Mapir Survey3andthe Mapir Survey2 All thesecameraslike the others,
acquire multispectralinformation in the red, blue, green, and nearinfrared bands,but not in the RedEdgenear
infrared. Thismakesthem lesseffectivein calculatingsomeof the indicespreviouslymentioned.

Conclusions

It isimpossibleto havea completeoverviewof all the camerasavailableon the marketat this time. However,based
on our experience,it is essentialto focuson those camerasthat allow for the calculationof different vegetation
indices,which cancontribute to accuratelymappingpotential damage Thisis becauséit isincreasinglyimportant to
be able to intervene promptly. Despitesome limitations, dronesequippedwith multispectralcamerasrepresenta
powerful and versatiletool for forest monitoring, asdemonstratedby the GOSURIPproject alreadyimplementedat
the ltalian level. It is anticipatedthat further technologicaldevelopmentsand increasingaccessibilityto droneswiill
makethesetoolsincreasinglffundamentalin sustainabldorestmanagement.
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Resumen

Elseguimientode la saludde los bosquesesesenciaparaevaluary mantenerla saludde los ecosistemadgorestales,
especialmentezn el contextodel cambioclimatico.Mientrasquelosestudiosin situ tradicionalessevenlimitadospor

la subjetividad,la complejidadlogisticay los elevadoscostes,la teledeteccion("Remote Sensing" RS)ofrece una

alternativamaseficaz.Entrelastecnologiasde RSJos vehiculosaéreosno tripulados (UAV)equipadoscon cdmaras
multiespectraleshan demostradoser especialmentesficaces Estosdronesofrecensolucionesde vigilanciade alta

resolucionrentablesy flexibles,y captandatosdetalladosen variaslongitudesde onda. Estopermite identificarcon

precisiénel estrésy los dafiosen la vegetacionfacilitandointervencionesoportunasy especificasComodemuestra
el proyecto GOSURFlos vehiculosaéreosno tripulados con sensoresmultiespectralesse estan convirtiendo en

herramientasndispensableparala gestionforestalsostenible.

Introduccioén

Elseguimientade la saludforestal ("ForestHealthMonitoring”, FHM)esun procesodestinadoa evaluarel estadode
saludde los ecosistemadorestales(Trumboreet al. 2015).Esteseguimientoimplicala observaciory el registrode
diversosindicadorescomoel gradode defoliacion la presenciade enfermedade® plagasy otros signosde estrés.El
principalobjetivo del FHMesdetectarcon prontitud cualquiercambioen la saludde losbosquesconel fin de tomar
medidasparamitigar los dafiosy preservara saludde los ecosistemadorestales(Eckeet al. 2022).

El establecimientode sistemasFHM es particularmenterelevante en el contexto del cambio climético, donde la

vegetaciorexperimentacadavezmasefectosde estrésconunapérdidade actividadfotosintética(Pulettiet al. 2019),
y donde los eventosextremoscomo los incendiosy las plagasde insectos(Kautzet al. 2024)y otros patdégenosson

cadavez masimpactantes.Por ello, cadavez es masimportante e imprescindibleparatodo gestorforestal, tanto

publicocomo privado, establecersistemasde seguimientode la FHM paramitigar posiblesproblemasen las masas
forestalese intervenir con prontitud.

Enel contextoitalianoy europeo, el seguimientoin situ de la saludde los bosquessellevaa cabodesdehacevarias
décadasa nivellocal,regionaly global,utilizandoindicadoresestandarbasadosn estudiosde camporealizadogpor

personalformado que, por ejemplo,identificael gradode defoliaciénde lascopas(Canulloet al. 2012).Estasredes
de seguimientoproporcionanun marco normalizadopara evaluarla saludde los bosques,aunqueen un nimero

limitado de puntos, lo que permite un seguimientoa escalanacional,pero no se ajustaa las necesidadesle los

gestoresforestales. Los gestoresforestales publicosy privados se enfrentan cada vez mas al impacto de las
perturbacionedorestalesen susmasas/, comosehamencionadaanteriormente,escrucialimplementarsistemasie

seguimientode la FHM que identifiquen rapidamente los problemas potenciales, permitiendo intervenciones
oportunasde mitigacion.

Sinembargo,los muestreosclasicosin situ realizadospor operadorespresentanun alto grado de incertidumbre
porguela calidaddependede la experienciay la percepcionsubjetivade los observadoresPorlo tanto, se necesitan
cursosde formacionespecificogpararealizarlasencuestasestandarizadgy optimamente. AdemasJasencuestasn
situ son logisticamentecomplejasy costosasen términos de tiempo y manode obra, por lo que sélo sonviablesa
escalade parcelao de parcelaunica.Porestarazon,la teledeteccion(RS)e ha establecidocomo parte de la FHM,
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permitiendola adquisiciérde indicadorede saludforestalde formaobjetiva,cuantitativay repetitivaa variasescalas
espacialegLambertet al. 2013;Eckeet al. 2024).

Eneste contexto, la teledeteccidénpor satélite siguedominandola investigaciory la aplicabilidaden el sectorde la
FHM. De hecho, los datos de imagenesmultiespectralesde accesopublico, como Landsat,MODISy Sentinei2,
permiten sistemasde seguimientoen grandesareas,graciasa la resoluciéntemporal y espacialque a menudoes
suficiente para identificar perturbaciones(Franciniy Chirici 2022). Sin embargo, como se destacaen algunas
investigacioneslos satélitespuedenpresentardificultadesen el seguimiento,por ejemplo debido a la nubosidad
(Giannettiet al. 2021)que puedeoscurecempartesdel bosque,lo que dificulta en algunoscontextos,comolaszonas
montafiosasde los Alpesy los Apeninos,el establecimientode sistemasde alerta temprana. Estascuestiones por
ejemplo,sonincompatiblescuandolos factoresbiéticoso abiéticosprovocancambiosrapidosen los bosques Para
superarestosproblemasos avionestripuladospuedencumplirestosrequisitosporque puedenvolar por debajode
la capade nubes(Eckeet al. 2024).Enla practica,por los elevadoscostesy las limitacioneslogisticassolo se usan
anualo bianualmenteen grandesareas.Estohaceque, de hecho,no seanadecuadogaralaidentificacibntemprana
del estrés(Eckeet al. 2024).

En este contexto, los vehiculosaéreosno tripulados se utilizan cadavez mas,no como competidores,sino como
tecnologiacomplementariade las plataformastradicionalesde observacionde la Tierra (Eckeet al. 2024).Enel

contexto del Grupo Operativo Go-SURF se han utilizado drones equipadoscon camarasmultiespectralespara
cartografiarel estrésenlasmasadorestales LosUAV en comparaciorconlos satélitesy lasaeronavescubrenareas
maspequefiaspero sonimbatiblesen resolucidnespacialgue puedealcanzamunadistanciade muestreodel suelo
del orden de centimetros.Tambiénson muy eficientesen cuanto a costes,flexibilidady, sobre todo, tiempos de

revisita,que puedenserfrecuentesal dependerinicamentedel operador.

Elareaque puedecubrirsecon estosUAVoscilaentre unahectareay varioskilbmetroscuadradosen un solovuelo.
Enla coberturainfluyen principalmenteel tipo de UAV,la tecnologiade propulsion, el tipo de camara,el tipo de
terrenoy la accesibilidadie la zona.Tambiénhay que tener en cuentala normativasobreel funcionamientode los
UAVcomofactor limitante de la cobertura.Sinembargo,la nuevanormativaeuropeapermite volara unaaltitud de
120metrossobreel niveldel sueloconunadistanciade seguridadde 500metros,lo que permite inclusoa losdrones
maspotentescubrircomodamenteentre 10y 20 hectareasen un solovuelo.

Sinembargo,ademasdel dron, lo que marcala diferenciaa la horade establecerun sistemaFHMesel sensorqueel
dronpuedellevarabordo.Recientementdianaparecidoen el mercadonumerosasamarasnultiespectralesiuevas.
Estascamaras,graciasa su capacidadpara captar diferentes longitudesde onda del espectroelectromagnético,
puedenutilizarseparacartografiardiversostipos de estrésforestal (Barzaglet al. 2018;Zhanget al. 2019;Eckeet al.
2022).

Sinembargo,la variedadde camarasdisponiblesen el mercadoy los distintos indicesde vegetacionque pueden
derivarsede ellas dificultan la navegacionpor un panoramade investigaciény avancestécnicosen constante
evolucion.Porestarazon,este articulo pretende ofrecer unavisiongeneralde los indicesde vegetacionutiles para
cartografiarel estrésforestal, unavisiongeneralde algunasde lascamarasdisponiblesen el mercadoy lastécnicas
de procesadamassencillaso prometedorasbasandoseen los resultadosdel GOSURFlel EIRAGRY considerando
también la bibliografiainternacional,para ofrecer informacion Gtil a los técnicosimplicadosen la monitorizacion
forestal.

Céamarasnultiespectrales indicesde vegetacion

Lascamaraamultiespectralessondispositivosavanzadosie capturade imagenesque captaninformaciénvisualen
diferentesbandasdel espectroelectromagnéticoEstasbandaspuedenincluir el espectrovisible(rojo, verde,azul)y
elinfrarrojo cercano(NIR)y, en algunoscasosegl infrarrojo cercanode borderojo. Al utilizar estasdistintaslongitudes
de onda, las cAmarasmultiespectralesproporcionandatos detalladosque puedenutilizarsepara analizardiversos
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aspectosde la vegetaciongel sueloy los bosques Enconcreto,graciasa la capacidadde adquiririnformacionen el
espectrainfrarrojo, esposibleinvestigatda actividadfotosintéticade lasplantas evaluara saludde losarbolesy poner
de relievela presenciade enfermedadesu otros tipos de estrés.Aligualque lascdmarasRGBpuedenutilizarsepara
adquisicionedotogramétricasque permiten derivar no solo datos 2D (ortomosaicomultiespectral),sino también
datos 3D como nubesde puntos y modelosdigitalesde superficie(DSM)utiles para analizarla estructurade los
bosquegqBarzaglet al. 2018; Giannettiet al. 2020).

Sinembargo,su principalventaja,comoya se ha mencionadoes su capacidadpara captarimagenesen diferentes
longitudesde onda del espectroelectromagnético,lo que permite a los operadoresdistinguir variacionesen el
contenido de clorofila de la vegetacidnque puedenindicar rapidamentela presenciade estrés,enfermedadeso
patégenosDehecho,graciasala capacidadie adquiririnformaciénadiferenteslongitudesde onda,puedenutilizarse
facilmente para derivar diversosindices de vegetacibnmediante sencillasoperacionesmatematicasentre las
imagenede diferentesbandasutilizandotambién aplicacionesSIGcomunescomo QFielda travésde lasfunciones
de calculadoraaster.

Entre los indicesde vegetaciénque pueden calcularse presentamosen la Tablal los mas prometedorespara
monitorizar el estrésen entornosforestalesy que puedencalcularsecon las camarasmultiespectralesdisponibles
actualmente.

Tablal - indicesde vegetacionitiles parala vigilanciaforestalque puedencalcularsecon camarasnultiespectrales

indicede vegetacion Férmula

NDVI(indice de vegetacionde diferencis
normalizada) NDVI=(NIR «rojo)/(NIR+ rojo)

NDRE (Borde rojo de diferencia
normalizada) NDRE=(NIR |RedEdgé/ (NIR+RedEdge)

GNDV(indicede vegetaciénde diferencidGNDVE (NIR &/erde)/(NIR+ Verde)
normalizadaverde)

LCl(indicede clorofilafoliar) LCE(RedEdge rojo)/ (RedEdge+0jo)
SAVI (indice de vegetacion ajustado a SAVE((1+L)(NIR «rojo))/( NIR+rojo+L)
suelo)

dove L &€ una costante che dipende dalle condizioni del
suolo (tipicamente .=0.5

OSAVI(indice de vegetaciénoptimizadg OSAV#E(NIR- rojo)/( NIR+rojo+0.16)
ajustadoal suelo)

MCARI(indice de absorciénde clorofil MCARE((RedEdge rojo)-0.2*(RedEdge
modificado) Verde))/ (RedEdge+ojo)
CIRHindiceclorofilicode borderojo) CIRE(NIR/RedEdge)1
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EVI(indicede vegetaciormejorado) EVIF2.5*((NIR- rojo)/(NIR+6* rojo-7.5* azul+1)

VARI (indice de resistencia atmosférici VARE(Verde- rojo)/( rojo+Verde- azul)
visible)

EINDVI("NormalizedDifferenceVegetationindex",indicede vegetaciérde diferencianormalizadapsquizéel indice
masutilizadoparacontrolarla saludde lasplantas.Sinembargo,sutendenciaa saturarsepuededificultar a vecesla
detecciénprecozdel estrésenlosbosquesElindicesebasaen el hechode que la clorofilade lasplantasvivasrefleja
intensamentela luz infrarrojacercanaNIR)y absorbela luz roja. Losvaloresaltosde NDVI,cercanosa 1, indicanuna
vegetaciondensay sana,mientrasque los valoresmasbajos,inferioresa 0,7, sugierenestrés,y los inferioresa 0,6
indicanla muerte de lasplantas.Sinembargo segunlaexperienciadel proyectoGOSURF larevisionbibliograficaen
el contextodel cultivo del dlamo(Chianuccet al. 2021),el NDVIpuedeser el indicemenosprecisoparadetectarel
estrés.

Porejemplo, el GNDVK"GreenNormalizedDifferenceVegetationindex", indice de vegetacionde diferenciaverde
normalizada)es massensibleparala alertatempranadel estrés.Esteindicees similaral NDVI,pero utilizala banda
verdeen lugarde la roja parala normalizacioncon la bandaNIR.Estolo haceutil paramonitorizarplantascon alta
densidadoliar o identificarestréshidrico,permitiendoalertastempranagRaddet al. 2021).Paraevaluarel contenido
de clorofila, el LCl(LeafChlorophyllindex)esmuy sensiblea la clorofila presenteen lashojas(GallardeSalazaket al.
2023). La clorofila absorbela luz roja y refleja la luz de borde rojo, por lo que este indice es util para estimar
directamenteel contenidode clorofila,queesunindicadorde lacapacidadotosintéticadela planta.Delmismomodo,
el CIREChlorophylindexRedEdge)estdaunmascorrelacionadaonel estadonutricionalde lasplantas(Kleinsmann
etal.2023).

El NDRE("NormalizedDifference Red Edge" o borde rojo de diferencianormalizada)es especialmentetil para
identificar el estrésde las plantasen seccionedle la cubierta. El borde rojo es muy sensiblea los cambiosen la
estructurade la hojay el contenidode clorofila,lo que permite detectarpequefias/ariaciones~ D ] v yl.ahghammer
2016).Esutil paraidentificarplantasque puedanestarafectadagpor enfermedade® deficienciaqutricionalesantes
de que estosproblemasseanvisiblesa simple vista. El MCARI(Modified ChlorophyllAbsorptionRatio Index) esta
disefiadoparasermenossensiblea lasvariacioneglel suelo,lo que mejorala capacidadde detectarel estrésde las
plantasen entornos heterogéneoscon sueloexpuesto(Zouet al. 2019).Paraevaluarla actividadfotosintéticay el
vigorvegetativo el EVI(Enhanced/egetationindex)mejorala sensibilidacen zonasde vegetaciérde alta densidady
reduce las interferenciasatmosféricasy del suelo en comparaciéncon el NDVI.EI VARI(Visible Atmospherically
Resistanindex)se puedeutilizar parasupervisaia vegetaciénutilizandosololasbandasvisibles o que lo hacetil
en condicioneenlasque lasbandasNIRno estandisponiblescomoconlascdmarasRGB.

Dronesy camarasmultiespectralesen el mercado

Entrelos dronescon sensormultiespectralintegrado,el DJIMavic 3M combinaunacamaraRGBde 20 MPy cuatro
camaraganultiespectralegde 5 MP que capturanen lasbandasverde (560nm+16nm)roja (650nm+16nm)de borde
rojo (730x16nm) NIR(860nm+26nm)junto con un sensorde luz integrado.Estaconfiguracioncaptala irradiancia
solar,lo que permite compensara posteriori cualquierfluctuacionde luz en lasimagenesElfabricanteasegurauna
autonomiade vuelo de 43 minutos con una coberturapor vuelo de 2 km2. El dron también esta disponiblecon un
moédulo RTKque proporcionaunageorreferenciaciomprecisadel estudiocongranexactitud.
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Otro dron de DJlconsensorintegradoesel P4Multiespectral equipadocon seiscdmaradiferentesde 2,08 MP: una
camaraRGBy cincocdmarasmultiespectralesjue capturanen lasbandasazul (450 16nm)yerde (560+16nm)roja
(650+16nm)de borderojo (730+16nmk infrarrojacercana840+26nm)Estedron tambiéncuentaconun sensorde
luzy un modulo RTKparala correccionde la luz en la imageny la georreferenciaciorprecisadel levantamiento.El
fabricanteafirma unaautonomiade vuelode 27 minutosy una superficieoperativamaximapor vuelo de 0,63 kmz.
En un estudio reciente realizadoen Alemania(Eckeet al. 2024), este dron se utiliz6 para adquirir imagenes
multiespectralegle alta resolucionde 235 zonasdiferentesde seguimientoforestala granescalaparcelage nivel |
del PCl)distribuidas en Bavieradurante un periodo de seguimientode tres afios (20202022). A pesar de la
heterogeneidadiel conjuntode datosadquiridosa lo largodel tiempo bajo diversascondicionesneteorolégicas/ de
iluminacion.enbosquesconcomposicionesliversagepartidospor unaampliazonade estudio,el articulodemuestra
cémo fue posibleclasificarcinco especiesarbéreas,a nivel de género,arbolesmuertosy el estadode saludde las
principalesespeciesarboreasen 14 claseddiferentesutilizandola arquitecturaEfficientNetCNN.Elarticulodestaca
gue estametodologiade seguimientopuedereducir significativamentdos costesy tiemposde adquisicidnsobreel
terreno, permitiendola estandarizaciomle los datos.

Entrelascamaragjue puedenmontarseen variostipos de drones,comoel DJIMatrice 300, el WingtraOneGenlly

el senseFleBeeX]a MicaSensdRedEdgeMX destacacomounade lasmaseficientes,pero tambiénunade lasmas

caras.EstacAmaracapturaimagenesen lasbandasazul(475nm+20nm)yerde (560nm+20nm)rojo (668nm+10nm),
borderojo (717nmz=10nmg infrarrojo cercanog(840nm=40nm)efreciendounaalta precisiény consistenciaspectral,
lo que la haceideal paraanalizara vegetacionforestal. Lacamaraestaequipadacon un sensorde luzy un panelde

reflectanciaparala calibracibngue debecapturarseen el despeguey el aterrizajedel dron.

Estacamaratambiénseprobo en el proyectoGOSURFen el que se utilizé paraadquiririmagenegle diversaszonas
delaregiénde la Toscananedianteel dron WingtraOneGenll. Elprocesamientade imagenesnediantetécnicasde
segmentacionbasadasen el método "Simple Linear Iterative Clustering(SLIC)"(Achantaet al. 2012) permitio
identificarplantasmuertasy endeclivemediantelaidentificacionde umbralesde estrés. SLI@sun algoritmoutilizado
parala segmentaciorde imagenesgn particularparala creacionde superpixelesgruposde pixelescontiguoscon
caracteristicasimilares,que simplificanel analisisde imagenesreduciendoel nimero de elementosa considerary
manteniendoal mismotiempo la mayorparte de la informacionrelevante.Concretamenteen el proyectoGOSURF
se procesaronimagenesnultiespectraleautilizandoel software fotogramétricoMetashapeAgisoftparagenerarun
ortomosaicoen diferentesbandas(azul,verde, rojo, borderojo, infrarrojo cercano) Lasimagenesseimportaronen
el softwareR-Cran,utilizandovariospaquetesde procesamientgarainicializarel algoritmo.Durantelainicializacion,
el algoritmo distribuye uniformementelos centrosde los superpixelegpor la imagen.Estoscentrosse eligenpara
cubrirtodalaimagende manerauniforme. A continuacion,cadapixelde laimagense asignaal centro de superpixel
mascercanoen funcionde la distanciacombinadaespacioy color).Ladistanciacombinadaiene en cuentatanto las
coordenadasespacialezomolos valoresde color (espacioCIELABEIlalgoritmoitera hastasegmentadascopasde
losarbolesindividuales Estealgoritmotambiénsepuedeutilizarmediantesoftwarede escritoriocomoSAGAGISLas
pruebasrealizadasen el proyecto GOSURnostraronque la segmentacioérdel entorno forestal funcionamuy bien
inclusoutilizandosoélola bandadel borde rojo, no multiplesbandas Estabandapareceserla massensiblea la hora
de identificar copasindividualeso porcionesde copascon una actividad fotosintética similar. El método de
segmentaciéomeduceel tiempo en comparaciérconmétodoscomplejosy detectacon precisioncopasindividualeso
porcionesde copascon diferentes actividadesfotosintéticas,como porcionesde copasmuertaso en declive.Sin
embargo, para clasificarlas distintas clasesde decaimiento(porcién de cubierta muerta, porcion de cubiertaen
declive,porcion de cubiertaviva), es necesarioextraer indicesde vegetacionde los poligonosgeneradospor SLIC,
calibrandoumbralesparaidentificar plantasmuertas.Asi,paracadasuperpixel se aplicanumbralesa los indicesde
vegetacionparaclasificalos superpixelexomo representativosde plantassanas.estresada® muertas.Laventaja
de estemétodo esque la segmentaciérde superpixeleseduceel nimerode unidadesque hay que analizar,Jo que
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haceque el andlisisseamésrapidoy eficaz.AdemasJos superpixelesiendena seguirlos contornosnaturalesde las
plantas,lo que mejorala precisionde la clasificacibren comparaciorconlos métodosde pixeldnico.

Figural - Identificacionde superpixelesoncontornosblancosdetecciénde cubiertadecrecienteenamarilloy partes
de cubiertamuertaen azul

El uso de superpixelesSLICen imagenesde drones representauna técnicaavanzadapara la identificaciony el
seguimientode plantasmuertas.Al segmentailasimagenesen regioneshomogéneay aplicarumbralesa losindices
de vegetacibngsposibleobtenerun mapaprecisode laszonasproblematicas|o que permite realizarintervenciones
oportunasy especificagnla gestionde los cultivos.

Entre otras cAmarasmultiespectralesdel mercado con un coste inferior a las anteriormente mencionadasse
encuentranla ParrotSequoiala SenteraDouble4K la Mapir Survey3y la Mapir Survey2Todasestascamarasal igual
gue lasdemas,adquiereninformacionmultiespectralen lasbandasroja, azul,verde e infrarroja cercanapero no en
la infrarroja cercanade borde rojo. Estolas hace menoseficacesparacalcularalgunosde los indicesmencionados
anteriormente.

Conclusiones

Esimposibletener una visiébn completa de todas las camarasdisponiblesen el mercadoen este momento. Sin
embargo, basandonosen nuestra experiencia,es esencialcentrarseen aquellascamarasque permiten calcular
diferentesindicesde vegetacionjo que puede contribuir a cartografiarcon precisionlos dafiospotenciales Estose
debea que cadavezes masimportante poderintervenir con prontitud. A pesarde algunadimitaciones,los drones
equipadoscon camarasmultiespectralegepresentanuna herramientapotente y versatilparala vigilanciaforestal,
comodemuestrael proyecto GOSURFya ejecutadoa nivelitaliano. Seprevé que los nuevosavancegecnoldgicosy
la crecienteaccesibilidach los dronesharanque estasherramientasseancadavezmasfundamentalesen la gestion
forestalsostenible.
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4. Innovation nameEstablishing new business models with NWFP

Kathrin Bohlingand o v ]« 0 U >t&®

TOXIAXTITA®
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Honig zahlt neben Pilzen, Beeren, Niissen und Harz zu den sogenannterldick¥aldprodukten. Laut Definition
der Internationalen Welterndhrungsorganisation (FAQO) handelt es sich beithivaldprodukten um Guter bzw.
Produkte aus dem Wald mit biologi€ u h@Ee% EUVPW Y P}} o E]A (E}u (JE 3« §Z
}i 8¢« }( ]}o}P] o }E]JP]v }3Z €& §Z § A}} X_ ,] Elpo v PJos ("E to E
durfen fur den eigenen Gebrauch und in begrenzten Mengen Pilze Bgeren sammeln. Auch trifft man bei
Waldbesuchen gelegentlich auf Bienenstécke, die Imkerinnen und Imker nach Abstimmung der betreffendel
to ]38l v v }ES p(*38 00 VX®

Die Erwirtschaftung von Ertragen aus diesen Nidbliz Waldprodukten ist in Deutschland jedoch untblich. Private

Forstbetriebe mit tGber 200 ha Wald erwirtschaften nahezu 100% ihrer Einnahmen aus dem Verkauf von Holz, f
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kommunale Forstbetriebe sind es tber 90% (Wuhr 2019). Kleinprivatwaldbesitzende mit weniger als 50 ha verkauf
zumindest einen Teil ihrer Holzernte als Stammholz. Insbesondere Kleinstprivatwaldbesitzende mit weniger als 5
Wald nutzen ihr Holz jedoch &bwviegend fur energetische Zwecke (Hastreiter 2023). Fur die Vermarktung von Nicht
Holz Waldprodukte gibt es kaum Vertriebswege.

Potenziale von Nicht,}ol t 0 % @&} puld v . oe '« Z (3«( 0 ®

e JVV}A §]A WE E]*% E}i 15 ceplpv(se( Z]P & ] v VA oJahrensaws*Mitteln d¢P E
Gemeinsam Agrarpolitik finanziert wird (202025), tritt den Beweis an, dass sich die Geschéftsentwicklung fur Honig
uv E%ee o0}Zv v I,vv§ X ]+ 0 PSS Jv Ju & E&up & 710 P EGuv 8§ D 8§ E &
RvS Jo]8 8 JvE& pu( E vvusSliuvP peP E] Z8 8 v vSEUEV Z Vv t o AJES. 2
sogenannten Kapitalwertmethodéeine in der Forstokonomie verbreiteten Methode, die den Einsatz von Kapital fuir
forstliche Produktionssysteme vergtbiend analysiertt hat Marcus Ziegler die Ertragsmdglichkeiten fir eine
Biodiversitatsférdernde Wiederbewaldung mit dem Schwerpunkt auf Nidloiz Waldprodukte fir einen
angenommenen Nutzungszeitraum von 60 Jahren untersucht.

Das Projektcepluv(3s( Z]IP & ] v VA 0 A Jv, ¢ V®®

Hessen gehort zu den waldreichsten Bundeslandern in Deutschland. Die mit
Fichten dominierten Walder sind in den letzten Jahren jedoch von den
Auswirkungen des Klimawandels wie Wetterextreme, Stirme und sich daran
anschlieiendem Borkenké&ferbefall stark #gichtigt. Abgestorbene und kahle
Waldflachen préagen in weiten Teilen das Landschaftsbild in Mitteldeutschland.
Zwei landwirtschaftliche Betriebe haben sich deshalb mit Imkern und
Bienenspezialisten zusammengetan, um eine Alternative zur Aufforstungamief und anderen Nadelbaumarten
zu entwickeln. Sie griindeten die Operationelle Gruppe "Zukunftsfahiger Bienenwald Hessen", der vielfltige
Lebensraum fiur Insekten und andere bestdubende Insekten ist, viel CO2 speichert und Holzproduktion erméglict
DasKonzept verbindet den Naturschutz und den Schutz von Bienen und anderen Bestdubern mit der Forstwirtsche
HV E WE} pld]lv Alv E] Z58Z}01% E} puld v g ut o X®

®
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"Wir wollten einen Wald gestalten, der fir Honigbienen und andere bestdubende Insekten Lebensraume mi
klimaresistenten Baumarten bietet. Auch die Erhohung der Artenvielfalt im Okosystem Wald war uns
wichtig. Gleichzeitig muss der Wald fir die Waldbesitiesenfinanziell rentabel sein, und so war ein weiteres
Al Z3]P « o uvs8 ¢ VSAuE(sU e+ «] Z Pl}vIu] puv PI}o}P] v] Z§ P F
~'M ]8Z dE ]J*U <}}E Jv S}E]v = WE}i IS ceplpuv(sSe( Z]1P &

®
Nicht-,}ol t 0 % @&} puls 138 v A E]$5 o ]viluu veu,Po] ZI ]88 v®

Eine Mdglichkeit, die Rentabilitat von forstlichen Investitionen einzuschétzen ist die Kapitalwertmethode. Bei diese
Methode wird die Aufforstung einer Flache mit einem bestimmten forstlichen Produktionssystem als Investition
betrachtet. Insgesamt wurdeb Varianten solcher Produktionssysteme untersucht. Dem Fichtenreinbestand mit dem
Ziel einer reinen Holzproduktion wurden zwei Varianten von BudbeuglasieAMlischbestanden (mit und ohne
Honigproduktion) sowie zwei Varianten mit unterschiedlichen Edefjabblzen, die sich in der Bandbreite der Nicht
Holzt 0 %o @&} pls8 ~,}v]PU E%ee U ,Ju @& ve A}jv]Jvv & pvd E+ Z] vU P P vo

Marcus Ziegler zeigt, dass sich mit Nieloiz Waldprodukten neue Einkommensmoglichkeiten fur Waldbesitzende

E+ Z0o] ~ v 0 *+ VX c tjoo dassentrheSErgebnis seiner Masterartiet ¢ Ipe 3l0] Z &0 Z vv
[mit Gehdlzen fir Honig undildse] den Kapitalwert weit Gber ein Niveau von Flachen mit reiner Holzproduktion

vZ v | vvX~ D]S ,}vlj]P I vv ] v Z Jv & p((}E+SpvP v} Z }((-DouglasieR « o
Mischbestandes relativ schnell 6konomisch genutzt werden. EitereoRentabilitéat verspricht der Anbau eines
Kirscherwertholzbestandes mit Maronennutzung und Honigproduktion. Die héchsten Erldse wiirde aber die Variante
eines Laubbaumbestandes mit NtBserenplantage und Honig erzielen. Auf diesem sehr plantagenadnlich
Bestand, welcher nur unter bestimmten Voraussetzungen Anwendung findet, stabilisieren sich die verschiedene
Nebennutzungsformen gegenseitig. Insgesamt ergibt sich daher: Je mehiHdlzhiValdprodukte auf einer Flache
genutzt werden, desto hoherist[d vvp]s SX®

Die Untersuchung hat auferdem die staatliche Férderung von einzelnen Baumarten und Malinahmen wie d
Jvli uvpvP A}v  u(P (JE5 v &0 Zv o0+ ce]PVv](]l v8 v Jv(ouee( IS}E
U}ES3]e §]}vel ]SE pu E /vA «3DEBordertorgaben VohF&ritverwaltungen kdnnen somit nicht

nur Anreize fur die Anpflanzung und Pflege von insektenfreundlichen Waldern, sondern auch fiir die Etablierung neu

Einkommensmoglichkeiten fir Waldbesitzende schaffen.
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Das Europdaische Forstinstitut (EFI) und die FAO haben zuletzt verstarkt auf das Potenzial wbiolNicht
Waldprodukten hingewiesen (Martinez de Arano et al. 2023). u I°EIlo] Z €&+« Z] v woodHjred8 cE]
products for people, nature and the green econon®. }uu v S8]}ve (}E %}0] C % E]}E]S] * ]V
Autorenrd u Ip U » ZopeeU ¢ A] E & IS}JE v E(°0038 « Jv *}0o03 vX + WE}i
wie der erste (1) Faktot Sicherung und Schutz eines nachhaltigeigefots von NichHolzproduktent realisiert
werden kann. Hinzu kommen drei weitere Faktoren: (2) Aufbau von wettbewerbsfahigen und fairen
Wertschopfungsketten; (3) Transparenz und Rickverfolgbarkeit von-NahtWaldprodukten; und (4) Koordinierung
relev v3§ E W}o]3]lI( 0 E ~&}E*SA]ESe Z (53U E SuEe ZpusilU Ev ZEPVPU > v

/lu WE}}i 18 coplpv(8e( ZIP E ]JVvVAo~r» & 18v >v AJES puv Jul E
Vermarktungswege fur Honig werden genutzt, um neue Produkte zu etablieren. Damit ist ein wichtiger Schritt fir ei
neues Geschaftsfeld gesetzt. Fur den figeh Ausbau braucht es jedoch weitere Unterstutzung von
vie Z ] HVPeSE P Ev Jv E &}E*SA]JES Z (3 uv W}o]3]IX®

>]8 E SUE®
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Title of innovation: Business development for honey from the bee forest

Alongside mushrooms, berries, nuts and resin, honey is one of tealka nonwood forest products. According to

the definition of the International Food and Agriculture Organisation (FAO)wuamnd forest products are goods or

% E} u S (E}u (}JE <3« }( ]J}o}P] o }E]P]VW ~AXX P}}+ E]JA (E}lu (JE -
biological origin other than8Z § A}} X_ 'u vCU 8Z E&]PZ% }( (E o %% 0] ¢ S}
allowed to pick mushrooms and berries for their own use and in limited quantities. When visiting forests, one
occasionally comes across beehives that beekeepers havepstitere with the agreement of the forest owners
concerned.

However, it is unusual in Germany to generate income from thesewawod forest products. Private forest enterprises
with more than 200 hectares of forest generate almost 100% of their income from the sale of timber, for municipal
forest enterprises it isver 90% (Wihr 2019). Small private forest owners with less than 50 ha sell at least part of theil
timber harvest as logs. However, small private forest owners with less than 5 ha of forest in particular use their woo
primarily for energy purposes (Hasiter 2023). Channels for the marketing of atimber forest products are hard to

find.

The potential of norwood forest products for business development

dZ Jvv}A S3]1A % E 3] 0 % E}i § Z ues ]Jv o &}E 5 , oo [U AZ]1 Z 1 1
for a period of three years (2022025), proves that business development for honey and nuts could be worthwhile.
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widely used in foresyr economics that analyses the use of capital for forestry production systems on a comparative
basis- Marcus Ziegler examined the earnings potential for biodivesqsigmoting reforestation with a focus on nen

wood forest products for an assumed rotatioarjpd of 60 years.

dZ % E}i § "pes v o (JE *5_ v , e

Hesse is one of the most densely forested federal states in Germany. However, the-dpmioated forests have
been severely affected by the effects of climate change in recent years, such as extreme weather events, storms a
subsequent bark beetle infestions. Dead and bare forest areas characterize large parts of the landscape in central
Germany. Two agricultural businesses have therefore joined forces with beekeepers and bee specialists to develop
alternative to reforestation with spruce and otheoniferous tree species. They founded the Operational Group
AMues Jv o &YE 5 , oo U AZ] Z % E}A] - JA Ee Z 158 (}JE Jve §&-
of CO2 and enables wood production. The concept combines nature consaraatibthe protection of bees and
other pollinators with forestry and the production of ndimber forest products.

At A vs 8} e]Pv (JE 3 85Z § % E}A] e« Z |3 pbHinglidy ifsputsC e Vv }
with climateresilient tree species. The increasing biodiversity in the forest ecosystem was also
important to us. At the same time, the forest needs to be financially viable for the forest owners,
and so another important element ofdldesign was that economy and ecology do not have to be
Upd3u 00C /£ Oope]A X_ ~:pn]83Z dE ]J*U %E}i & }}E Jv §

Nonwood forest products offer new sources of income

One way to estimate the profitability of forestry investments is the net present value method. In this method, the
afforestation of an area with a specific forestry production system is regarded as an investment. A total of 5 variant
of such production stems were analyzed. Two variants of mixed beBohuglas fir stands (with and without honey
production) and two variants with different deciduous trees, which differ in the range oftindver forest products
(honey, nuts, raspberries), were compared te fhure spruce stand, aiming at pure timber production.

Marcus Ziegler shows that nemood forest products can open up new income opportunities for forest owners. He
}vop W A/§ ]« 0o E $Z § ]131}v o o v ps]o]l 8]}v €A]18Z A}} C %0 v3e (}¢
farabovethelevelob v A]SZ %opE A}} % E} p 8]}vX_ t]3Z Z}v CU 3Z (}JE 3 o v
as a mixed beecHouglas fir stand can be utilized economically relatively quickly. The variant of the cherry timber
stand with chestnut utilization and mey production might generate an even higher profitability. However, the
highest revenues may be achieved by the variant of a deciduous tree stand wilemytplantation and honey. On
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this very plantatiodike stand, which is only used under certain conditions, the various secondary uses stabilize eac
other. Overall, this means that the more ntimber forest products are utilized on an area, the higher the annuity.

The study also showed that state subsidies for individual tree species and measures such as fencing afforested ar

& ZelPv](] vS ( S}E& ]Jv(op v ]JvP SZ % E}(]S ]Jo]SC v ulEs]i 3]1}v
requirements of forest admistrations can therefore not only incentivize the planting and maintenance of insect
friendly forests, but also the establishment of new income opportunities for forest owners.

Business development for honey from forests requires supportive framework conditions

The European Forest Institute (EFI) and the FAO have recently emphasised the potentiavobddorest products

~D ES3]v | E v} § oX TilieX /v §Z & whiodfofésipoilucs fodpebiplpmatufetand
the green economy. Recommendations for policy priorities in Europe", the team of authors concludes that four factor
should b (po(Joo X dZ ~~pe3 Jv o &}E 5 «Z}Asedilidg & conbervelon-amd (

sustainable supply of NWFEan be realized. In addition, there are three further factors: (2) Building competitive and
equitable value chains; (3) ®niding transparency, data, and information flow on NWFP; and (4) Creating enabling
conditions.

& Eu E- v | % Ee+ A}EI §}P §Z E & P]}v 00C Jv 8Z ~*u<s ]Jv o &}
for honey will be utilized to establish the new products. This is an important step for business development. Howeve
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further support from decisiormakers in forestry and politics is needed to encourage other forest owners to manage
their land for norwood forest products.

References

Hastreiter, H. (2023): Kleinprivatwald 202Energiekrise und neue FérdermdéglichkeitekVF aktuell 6/2023, S. 45

17

Martinez de Arano, |. et al. (2019) Nwmwod forest products for people, nature and the green economy.
Recommendations for policy priorities in Europe. A white paper based on lessons learned from around th
Mediterranean.EFI and FAO, Barceloh&ps://doi.org/10.36333/k2a05

Wihr, F. (2019)Testbetriebsnetz Forst: Mitmachen und (alle) gewinnen. LWF aktuell 2/201943. 44

Ziegler, M. (2024): Okonomische Bewertung von Holz und Nicl#Produkten alternativer Kleinwaldflachen am
Beispiel des Projektes Bienenwddgssen. Masterarbeit an der Fakultat fir Forstwissenschaften und Waldokologie
der GeorgAugust Universitat Gottien.

5. Innovation title: Course on GIS and Remote Sensing Data to monitor forest ecosysteBUERI)
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klimatskih promjena. Prisutnost geoprostornih tehnologija, posebiceig®omacijskih sustava (GIS) i daljinskog
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x Prikupljanje i obrada podataka: Obuka u prikupljanju, obradi i upravljanju geoprostornim podacima.
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x Osnove GHKa: Razumijevanje vrsta prostornih podataka, koordinatnih sustava i kartografskih
projekcija.
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Izvori:

https://www.go-surf.it/chi-siamo.html

https://eu-cap-network.ec.europa.eu/googbractice/eipoperationatgroup-go-surf-digitaktransition-sustainable
forestmanagement en

https://www.forest4eu.eu/operationalgroupsin-forest4eu/

DisseminationLevel[Publig Page69 of 102


https://www.go-surf.it/chi-siamo.html
https://eu-cap-network.ec.europa.eu/good-practice/eip-operational-group-go-surf-digital-transition-sustainable-forest-management_en
https://eu-cap-network.ec.europa.eu/good-practice/eip-operational-group-go-surf-digital-transition-sustainable-forest-management_en
https://www.forest4eu.eu/operational-groups-in-forest4eu/

https://www.reqgione.toscana.it/documents/10180/25819202/Presentazione CHIRICI GIANNETTI SURF.pdf/c0987
3a967795538bb51f7d382897e0?t=1634899359285

https://www.go-surf.it/video.html

GO SURF: A Course on GIS and Remote Sensing Data for Monitoring Forest Ecosystems

Sustainable forest management is vital for maintaining ecological balance, ensuring biodiversity, and combatir
climate change. The presence géospatial technologies, particularly Geographic Information Systems (GIS) and
remote sensing, has revolutionized forest monitoring and management. The GO SURF operational group (O
represents a significant step forward in this field, providing a strgctwgourse designed to enhance the capabilities

of professionals involved in forest ecosystem monitoring.

GO SUREF did not developed only an advanced decision support system but also an educational program aimec
equipping stakeholders with essential skills in GIS and remote sensing. This article provides insight into the cours
objectives, structure, andripact, emphasizing its importance in sustainable forest management.

The primary goal of the GO SURF course is to provide comprehensive training in GIS and remote sensing, focusin
their applications in forest ecosystem monitoring. The specific objectives include:

x Understanding the Fundamentals: Participants gain a thorough understanding of GIS and remote
sensing principles.

x Data Acquisition and Processing: Training in acquiring, preprocessing, and managing geospatial dat

x Application in Forest Monitoring: Practical skills in using these technologies to monitor forest health,
track changes, and support sustainable management.

x DecisioaMaking Support: Enhancing the ability to make informed decisions based on spatial data
analysis.

The GO SURF course is meticulously designed to cover all critical aspects of GIS and remote sensing. It is dividec
several modules, each focusing on different facets of these technologies and their applications in forest monitoring.

Module 1: Introduction to GIS and Remote Sensing

This foundational module introduces patrticipants to the basic concepts and principles of GIS and remote sensing. K
topics include:

x GIS Fundamentals: Understanding spatial data types, coordinate systems, and map projections.

x Remote Sensing Basics: Overview of satellite imagery, aerial photography, and the electromagneti
spectrum.

x Software Tools: Introduction to popular GIS and remote sensing software such as QGIS, ArcGIS, a
Google Earth Engine.

Module 2: Data Acquisition and Preprocessing
High-quality data is crucial for effective analysis. This module covers:
x Data Sources: Techniques for acquiring satellite imagery, aerial photographs, and field data.

x Preprocessing Techniques: Steps like geometric and radiometric correction, calibration, anc
enhancement.
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x Data Integration: Methods for integrating data from various sources to create comprehensive
datasets.

Module 3:Forest Ecosystem Applications
Participants learn how to apply GIS and remote sensing technologies to monitor forest ecosystems:

x Forest Cover Mapping: Techniques for creating accurate forest cover maps and detecting changes ov
time.

x Forest Health Assessment. Using remote sensing to identify diseases, pest infestations, an
environmental stressors.

x Deforestation and Reforestation Monitoring: Tracking changes in forest cover and assessing
reforestation efforts.

x Carbon Stock and Biomdsstimation: Estimating forest biomass and carbon stocks for climate change
mitigation.
Module 4: Advanced Analytical Techniques
This module focuses on advanced analytical methods:
x Spatial Analysis: Techniques for analysing spatial patterneetattbnships within forest ecosystems.
x Time Series Analysis: Monitoring changes in forest cover and health using time series data.
x Machine Learning: Applying machine learning algorithms to classify land cover and predict fores:
changes.
Module 5: Practical Sessions and Case Studies
Handson training is a critical component of the course. This module includes:
x Practical Exercises: Working with r@adrld datasets to apply the concepts learned.

x Case Studies: ddepth analyses of successful applications of GIS and remote sensing in forest
monitoring.
x Project Work: Participants undertake projects to apply their skills to specific forest monitoring
problems.
Module 6: Policy and Decisidviaking
Understanding the role of GIS and remote sensingaficy and decisiomaking is crucial for effective forest
management:
x Environmental Policy: The role of geospatial technologies in formulating and implementing
environmental policies.
x Impact Case Studies: Examples of how GIS and remote sensing data have informed policy decisic
and conservation strategies.
Participants of the GO SURF course gain numerous benefits, enhancing their capabilities in forest monitoring a
management.

Technical Proficiency The course provides 4gepth training on GIS and remote sensing software, enabling
participants to become proficient in these tools. This technical proficiency is essential for conducting accurate analys
and producing reliable resdts.
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Analytical Skills Participants develop strong analytical skills, allowing them to interpret geospatial data effectively
and make informed decisions based on their analyses. These skills are critical for identifying trends, patterns, al
relationships wihin forest ecosystems.

Practical ExperienceHandson training with realworld datasets and case studies ensures that participants can apply
their skills in practical situations. This practical experience is invaluable for professionals working in fores
management and conseriian.

Networking Opportunities The GO SURF course provides opportunities for participants to connect with professionals
and experts in the field of forest monitoring and environmental management. These connections can lead ftc
collaborations, partnerships, amatofessional growth.

Applications of GIS and Remote Sensing in Forest Monitefiihg application of GIS and remote sensing in forest
monitoring is vast and varied. Some key applications include:

1. Forest Cover Mapping Accurate forest cover maps are essential for understanding the extent and
distribution of forests. GIS and remote sensing technologies enable the creation of detailed-tndatp
forest cover maps. These maps are used for @éetyaof purposes, including land use planning, biodiversity
conservation, and climate change mitigation.

2. Deforestation and Reforestation Monitorird/lonitoring deforestation and reforestation trends is crucial

for assessing the impacts of human activities and natural disturbances on forest ecosystems. Remote sensi
data can be used tdetect changes in forest cover over time, identify hotspots of deforestation, and evaluate
the success of reforestation efforts.

3. Forest Health Assessmerftorest health is influenced by a range of factors, including diseases, pests, and
environmental stressors. Remote sensing technologies can be used to monitor forest health by detectin
changes in vegetation cover, identifyisggns of disease or pest infestations, and assessing the impacts of
environmental stressors such as drought or pollution.

4. Biomass and Carbon Stock Estimatidiorests play a critical role in sequestering carbon and mitigating
climate change. Estimating forest biomass and carbon stocks is essential for understanding the carbc
dynamics of forest ecosystems and developitigtegies for carbon management. Remote sensing data,
combined with field measurements and GIS analysis, can be used to estimate forest biomass and carbon stoc
accurately.

5. Habitat and Biodiversity Monitoring Forests are home to a vast array piant and animal species.
Monitoring habitat and biodiversity is essential for conservation efforts. GIS and remote sensing technologie
can be used to map habitat types, assess habitat quality, and monitor changes in biodiversity over time.

To illustrate the impact of the GO SURF, let's examine a case study where the course and its applications have max
significant difference in forest monitoring and management.

The GO SURF was implemented in the Tuscany region of Italy, an area known for its diverse forest ecosystems.
project aimed to improve forest management practices by leveraging GIS and remote sensing technologies.

The specific objectives of the project included:

x Enhancing Forest Monitoring: Improving the accuracy and efficiency of forest cover mapping anc
health assessment.
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x Supporting Sustainable Management: Providing elteen insights to support sustainable forest
management practices.

x Engaging Stakeholders: Involving local communities, policymakers, and forest managers in th
monitoring process.

The project was carried out in several phases:

x Training and Capacity Building: The GO SURF course was conducted to train local stakeholders in
use of GIS and remote sensing technologies. Participants included forest manmaiessnakers, and
researchers.

x Data Collection and Analysis: Higisolution satellite imagery and field data were collected and
processed using GIS and remote sensing software. Advanced analytical techniques were applied
generate forest cover maps, health assessments, and biomtssagss.

x Decision Support: The processed data and analyses were integrated into a decision support syster
providing stakeholders with actionable insights for forest management.

The project achieved several positive outcomes:

x Improved Monitoring: The accuracy and efficiency of forest monitoring were significantly improved,
enabling the timely detection of changes in forest cover and health.

x Informed DecisioMaking: Datadriven insights supported more informed decisioraking, leading
to better management practices and policies.

x Stakeholder Engagement: The involvement of local stakeholders in the monitoring process fosterec
greater collaboration and commitment to sustainable forest management.

While GIS and remotsensing technologies offer powerful tools for forest monitoring, several challenges remain:

Data Availability and Quality Access to higiguality and upto-date remote sensing data can be a challenge,
particularly in regions with limited resources. Efforts to increase the availability of free andagpess data, as well
as improvements in datquality, are essential for effective forest monitoring.

Technical ExpertiseThe effective use of GIS and remote sensing technologies requires a certain level of technice
expertise. Training programs like the GO SURF course are crucial for building capacity and ensuring that professiol
have the skills neestl to utilize these technologies effectively.

Integration of Data Sourcedntegrating data from multiple sources, including satellite imagery, aerial photographs,
and field measurements, can be complex. Developing methods for seamless data integration is essential for providi
a comprehensive undstanding of forest ecosystems.

Advancements in TechnologiRapid advancements in remote sensing technologies, such as the development of new
sensors and the increasing use of unmanned aerial vehicles (UAVs), offer new opportunities for forest monitorin
Keeping up with these advancents and incorporating them into monitoring programs is crucial for staying at the
forefront of forest management.

The GO SURF and its comprehensive course on GIS and remote sensing data, represents a significant advancems
the field of forest ecosystem monitoring. By equipping stakeholders with the necessary skills and knowledge, th
course contributes to the suginable management and conservation of forest ecosystems. As forests continue to face
pressures from human activities and climate change, initiatives like GO SURF are essential for ensuring their hee
and resilience for future generations. Through teidah proficiency, analytical skills, practical experience, and
networking opportunities, participants are empowered to make ddteven decisions that support sustainable forest
management and conservation efforts.
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Sources:

https://www.go-surf.it/chi-siamo.html

https://eu-cap-network.ec.europa.eu/googbractice/eipoperationatgroup-go-surf-digitaktransition-sustainable
forestmanagement en

https://www.forest4eu.eu/operationalgroupsin-forest4eu/

https://www.regione.toscana.it/documents/10180/25819202/Presentazione CHIRICI GIANNETTI SURF.pdf/c0987
3a967795538bb51f7d382897e0?t=1634899359285

https://www.go-surf.it/video.html
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https://www.innovarurale.it/it/pei-agri/gruppioperativi/bancadatigo-pei/biodiversitae-serviziecosistemici
foreste-e-territorio

OG: BIOSEIFORTE BlOdiversity and Ecosystem Services in Forests and Territory
Developing a Novel Martelloscope for Assessing Biodiversity and Growing Stock Volume with the aid of a Digital
Twin

Operational Groups in forestry and agroforestry sector play a key role in driving innovations at the ETHesgel.
'"E}U%oe ]ee u]v 8 E eposde }( K'[+ 8]A]8] ¢+ v ]Jvv}A E§]}ve 8} }8Z &E h }pu
(https://www.forestd4eu.eul) that is funded by the Horizon Europe programme.

Operational group from Italy BIOSEIFORTE shared its innoviaderlopment of novel martelloscope for assessing
biodiversity and growing stock volume with the aid of a digital trwin.

An experimental marteloscope was used, where trees were surveyed through acquisition with the Geoslam ZE
Portable Laser Scanner system, which made it possible to recreate a 3D digital twin. Then, for each of the tre
surveyed and forming part of the matbscope, dendromicrohabitats were then obtained by means of traditional
surveying, which made it possible to derive the Index of Potential Biodiversity (IBP) for each tree, in order to be ab
to introduce the quantification of biodiversity into the fotemanagement plans and provide the users of the
"gymnasium" an output in relation not only to productive interventions (wood growing stock) but also silvicultural
interventions that take into account the biodivesity parameters. Operationally, irhaclare area of transitional
beech stand, each individual tree (tree or sucker) was numbered, measured (crown insertion height and total heigh
and georeferenced, and its calculated volume and position data recorded in special software. In addition, eac
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individual tree or stump was checked for the presence of dendrothelia (alterations, cavities, cracks in the stem an
branches) that may constitute microhabitats for various plant and/or animal species and increase the ecosystem vall
of the stand in term®f biodiversity

Actually, the "martelloscope” is a portion of forest, of known surface area, in which for each tree present, various
parameters have been defined: position (georeferencing), biometric characteristics (trunk diameter, height, volume
etc.), vegetative staterole within the community, ecological significance, etc. The martelloscope is therefore a
permanent area where all trees are inventoried and constitutes a true "egegym" that can be used for the training

of students and forestry technicians to siratéd specific silvicultural interventions. It represents a potential tool for
promoting dissemination on issues related to different types of forestry, as well as forest biodiversity conservatior
and climate change mitigation.

The first European martelloscopes, originated in France since the 1990s, are now present in South Tyrol, Lombar
Tuscany, and Apulia and used in various European projects, such as LIFE projects (GoProFor and SelPiBioLife
Erasmus+ (Hammer) and ald®tBIOSEIFORETE OG in ltaly. Thanks to the use of thesaragpens, trainees can
immediately obtain, also through the use of martelloscaptated software, data regarding the simulated
intervention in quantitative terms, including graphs, in order &sify immediately the outcome of their choices, both

in terms of management and economics.

Generally, a martelloscope must have good accessibility, representativeness of the stantriorapservation
possibilities, and information availability on pasterventions. All trees present must be marked with a numbered
tag, while natural regeneration is assessed in visible internal areas. For the establishment of a martelloscope, it is ve
important to conduct a historical investigation on past interventipaimed at establishing whether there have been
previous disturbances such as windthrows, forest grazing, fires, etc.

The operator, whether a student or forestry technician, based on-fieltécted data, can simulate a "virtual hammer
blow," i.e., a practical simulation of the proposed interventions, and subsequently graphically reproduce the stanc
before and after theritervention, calculating harvest intensity, structural changes in the stand, volume removed, etc.

The main objective of the martelloscope is to "teach" various types of silvicultural interventions through:

x Analysis of forest structure (specific composition, density, basal area, volume, degree of tree cover
etc.);

x Selection of trees in a silvicultural intervention and learning of possible experimental methods;
x Awareness of how biodiversity and ecological values influence silvicultural choices.

Through martelloscopes, it is possible not only to demonstrate practical silvicultural interventions but also to make
comparisons between different interventions, observe the loaign effects of these choices, monitor regeneration,
identify possible causeof decline, determine the evolution of balances related to competition phenomena, and
calculate the value of the forest stand in relation to the ebshefit ratio.

Thanks to the development of technologies and digitization techniques aimed at generating 3D models from fiel
measurements, it has been possible to reconstruct thdeéaensional models of the area of interest, and so create
digital martelloscope. In padular, terrestrial lidar systems collect large amounts of data ranging from tens of
thousands to billions of 3D points to determine the space of a study area.

In details, laser scanning, also known as lidar (IDghéction and Ranging), is a technology used for remote sensing
to measure distances to objects or surfaces using laser pulses. It's widely used in various fields such as forestry, ur
planning, archaeology, and environmental monitoring.

In forestry, laser scanning plays a crucial role in forest inventory and management. Terrestrial laser scanners (TLS)
used to collect detailed data about the structure of forests, including the size and shape of trees, forest density, an
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ground terrain. This data is then used to create accurate 3D models of forested areas, which can help foresters ma
informed decisions about forest management, such as harvesting, conservation efforts, and assessing forest health

TLS systems are capable of collecting large amounts of data quickly and accurately, providing precise measureme
of tree diameter, height, and canopy structure. This information is essential for assessing forest carbon stock
biodiversity, and ecosystemealth.

Overall, laser scanning technology has revolutionized forestry practices by providing detailed and accurate data th
was previously difficult or timeonsuming to obtain. It has greatly improved our ability to understand and manage
forest ecosystems sustably.

In forest survey activities, the Terrestrial Laser Scanner (TLS) can collect significant amounts of data rapic
automatically, with centimetric resolutions. The purpose of using TLS is to improve the efficiency of data collection k
replacing costly maral measurements; consequently, terrestrial laser scanners have been used to collect
dendrometric variables such as DBH (diameter of plants at 1.30 m height above ground), tree height, and nearly ex:
plant position. Studies conducted by Berger et aldhf2demonstrate that tree diameter and height are characterized

by an error of at least 5.6%, and manual measurement distortion affects the estimate by 26.4%. Therefore, usir
classical methods for volume and biomass estimation entailsmagfigible randm errors.

The result generated by the use of laser scanners is a point cloud, which must be appropriately processed so tt
individual plants present in the point cloud can be identified through a process called segmentation. Segmentatio
refers to the extraction fsm a point cloud of the profile of each individual tree, based on which dendrometric variables
are extracted. In addition to segmenting individual trees, another process to optimize in point cloud processing is th
classification of the ground surface, aucial aspect for the entire process of forest digital twin processing. As
highlighted in Zhong et al.'s 2017 study, models often fail due to the tilted orientation of trees, the presence of shrubs
and other occasionally present subjects.

The use of new technologies is becoming more and more widespread in the analysis and monitoring of forest stanc
and in particular forestry application of mobile LiDAR is becoming more widespread as it allows a considerab
reduction in survey time and sts and returns good data accuracy, whereas up to now it has been used mainly in the
building and infrastructure sector. Furthermore, the monitoring and quantification of biodiversity variation based on
silvicultural choices made with the marteloscope isuseful added value for forest sustainable management,
ecosystem services enhancement, as well as production aspects.
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7. Innovation title: Criteria and indicators for the certification of the sustainable management of an
agroforestry system PEFC (NEWTON)

NEWTONt DE T K% E S]AV]Z slu%]v I PE}“pu E<3A} p d}el vIW <E]8 E]i] ]
H% E Aoi vi PE}“pu Ee«lJu *ps A}u W &
NEWTONt DE T K% @& 3]AV]Z <lu%]v IToskaE pradstada Bridvatiunu operativnu skupinu (OS).
‘o Av] Joi E KA 1} i % @E}u}A]E 8] JvIA 8]Av] epued A1 —} ET]AY %}oi
Vi PYA]Z % E I*] %opd U % ES] ]% S]AVIP “JE vi Jwhi SJAu]ZAJ@ZVV]ZIg W Iv
e UV % E]i ]Jo] SE ] ]}v ov] PE}“pU Eel] epued A] ~ ~ ¢« ~u]i “ v} piP i vi u
JviA 8]Av] PE}“pu Eel] eped A] ~«E EvV] *pued A] « %}o] ]Majcilposignutfe]u V
I$]Av}e8]u peui E vlu Vv % E]i vie Iv vi & 158]Av}e3]u peui E v]u v ujvs
"% 1(] v] lebilisi: KA

x *SA E vi & P]}Jvov uET Ivvi I A~ PE}HU Ee*l opes AU

x @& 1A} ul@}A Ji Suoiv]Zv «3pliu sop i P %E]A Svju ] i Av]i

x “1E& vi Ivvi J]1vIA ]i %puS u A %}ES 0 %} A VvIP ~ PE}“uU
(www.gonewton.id i

x 1 v&](]l 1i JV}A 3]Av]Z +3E % P]i | A o}@iMkuligain@p®ipvadnjeE «| |
WE]i vie Iv vi % E}A v i IE} UE Tp %}0i}% E]JAE v]I ] ]J}v]ll U 8§ u oiv
Jvé E I13]Av]Z [VJEU Jisl]Z /3 %}ES}oofl R ul(]l Ji-l] o 3]1%8 zZv]l 1 u vi
Iv vi %} ETuwoio u v3 Jiju o8 T }pulp 1} “8} ep ¢« u]v EJU « ¢3 v JU § |
I}v v} He%}*3 Alu % EA PE}“pu E+l “l}o X

DisseminationLevel[Publid PageB83of 102


http://www.gonewton.it/

18]AV}+8] U %}0il% EJAE v]u | “pu E«lJu %} pl Ju 1}i i % E}A} Jo W &
JPE 0o p A Tvp po}Pp B % E]Iv AXIWN%HEIIE tdKG&E o}1]Jo W & /3 0]

I}viuel U I}o0}“l ] @U‘EA WE}“pu E«*I1]Z %} pl X KA] « Pu v3] u}Ppu %
spue3 A ¢ v]TJu ule]iu <3 1o v] 1]Z %0]v}A U } pA vi u ]}E Iv}o]l}*3] ] %0}
Y} viu AEJi V)Y pv SET]“SpU [*3}AE u BIY]IS] WdEBTIAY51V oA op 3} %o]
L o veSA}  ES](]lI ]i*l]Z *Z u X WGEJi vie }A]Z JvIA Ji }AJi} o IE} ]
%)} Wi Ju % E}i 15 } IA 0]5 8] ] 110] V] % E}]IA} % (ESU potericalid prefded } P
EE](]1 i X o %} pl 1} v ep i Opip M % E}i 18pU JVIA Ji 1}i % E}]io |
—K ET]A} p% E Aoi vi PE}“Hu E-l]Ju *pes Alu— % E]o P} Vv-NEWFONG*“ v
ponovljv u drugim regionalnim i nacionalnim kontekstima.

W & /5 0] VvollJE o i %} 31 } eoi-sikigdine praBvddhjesisdoveRaRih transformacija
%EIA  V]Z } EE vV % EEV EI]Z %} pl  ~ /Z W]e oX SEJi u i %o}eA
%} ui U % W®BYAVIYV i ] vi](]l ]i AE-% ES3](]l Jov]Z % E}]IA} % E}
“Uu E+l ] PE}UU E<l 1Ju%lv vd U I} 11 v&I(QlI 1i  E&1(]1 Jiel]Zz +Z
Ju%eo u VE]E 8] 1 1} ] ¢ }e]Psligdivast iderEficjradin rdizvoda.

e % E}A p YA]Z I18]Av}es] Jo} i loip v} ] VEI(]1E §] % E} v o] % E)

v ]}v ovuy AGE]i v}e3U lv ip ] U VI] % E %}iv 8] ] v Po} ov}i @&SClv]
standardi, Global Gap,Z ]38 XX h «3u ]i] % E}A Vv}i p % ESv Ee<lJu %} pl Ju ]

| 8§ PYE]i % E}]IA} ]1ii SE ve(}EU]E Vv]Z ]} E V]Z % E}]TA} X KA] 0i %o
~]1 1A 0]%3 8 ] % E}]IA} Wdsti)kbjd in&]prefoanadilpst certifikata na talijanskoj, europskoj ili globalnoj
razini.

<}v v] & Ipos i i ES](]l ]i*l]Z *Z u % EJui ViJ]A]Z v u pv E} v}ii E I]
% EEV E+1]Z %)} pl % E}i 1§ E tdKEX

dli 1}u % E}A %o E}i 15 Ul 3} }%puvel ] 1 %} Slpv %E A] v I8]Av}IeSU
v ]}v oviu ¢ IS}EN Jo ep ploip v 1 A o] Jip %} 81 ] 3]% ES3](]1 11 1
hloig JAivi ]o} % }eo0i ] }IA Vi % }113]1AV]Z % }AE Sv]Z Jv(}Eu Ji } 8
u 3} }o}Plitu ] 3ETI“v}Iu I}vIi]es vEv}® u  ESI(]1 1i 1} i % EA}Sv} ] v3](]
PEFC lItalia je inicijalno koristdaline platformu fttps://sustainabilitymap.ory sposobnu za simultano analiziranje

E 10] 13]1Z % E} « 11 z8i A E Iv]Zz ] v3](] 1€ v]Zz ES3Z](]! liel]Z 8 v &E
proizvod/kategoriju proizvoda.

e I8]Av}ed —W@E]Jui v pvpsd EVI]Z % E}Ai E ~ p ]38 1 Jvd PE Jip E lo] ]¢
W & /30]U pvpud @ % E} + JIE <8 v E E3](]1 ]i —K ET]A} u% E /
projektom NEWTON, org/]1]@E o i ] % @E}A o + u ecopl v]Z }volv =« «3 v | 3&]i I}

*3v E U ploipg pip ] A <« 31 Ali Jved]dpli J3IEP v]I ]i 1}i % E <5 Ao
ISTAV]Z spu 13V]l W % E} &® jikoip Wb [E3V E+l SAESI % E}i 1§ E tdKEX
PE}“Hu E+*3A pu /3 o]i] Al i o] *pu % EJui vp 1 Z&i A 1}i i 11 o} u pv E]
eSEW vi Ju 1}i] ep ep i 0}A 0] B &}EPUPU SA U JIE oM JI 1PV S A eop i
cued A P%E Aoi Vi % ESV EI]Z %} pi % E}i 183 E tdKEX

W & /3 0] %E}A 0 i %]0}3 3 «8}A | <3 v E } EIJA}IP p% E A &5) wjeserP E }*
TITTX 1}i] e Ju}Pp Jo] 8 Zv] EJu %} pi v o]l sui Ev] ] %}l 1 8 0i pe%
3 v E U ]8I} I%SEJui v v I1]1Z ] %} }oi“ vi @EUP]ZX [elue3A} ] Iv vi 8§
E PJ}vov}]vVv J}vov %@E v ev}IE} }pu vs o l} %@EJui ViJA u Jo} I}i u %
% E}]lo 1 ]I} ET]JA}IP PE}jau E*I}P p% E Aoi v

DisseminationLevel[Publid Page84 of 102


https://sustainabilitymap.org/

I}viuel] pwlv] 18 Al 0i]A]l u %} pl Ju *% @E uv]u po P 8] p  GEINUrH]ip ¢
% *S}E ov]Z *pue3 A Jo] IE} ES](]l Jip } ETJAIP p% E Aoi vi PE}“pu E
L} ol i JUOPWE]*3p% SET]“8n « E3](]1 Ji u +oi ]JA}+&] % E}]IA} ]
i UsSA} Je% E AVIP u% @E Aoi vi eued A}u %} pl X <} %}e0i ] I}viusl]Zz
cpeS A Ju S WS iV %) Whe@E IMli @ B} % )*Zpip } A dv 1}o}“l 1 z&i A
ES](]l Jiel *Z u U Ju%eo u V3]E ip ] IJE%}IE $]Avp } ET]A}e3 p Eu“sA v
vIAJu $ET]“v]u | v o]Ju X

Projekt GOE tdKE }% E]v]} i & U 0iv]u %] vilu % EA}P eped A  E&](] ]E vi

% EA]Z p *A]li SpU }eSp%VviP A} }Tpil TiTiX ] % EJui ViJA}P v IE ]3]E
Obzor Europa projekt FOREST4Etp<://www.forest4eu.eu/s Ju 1  Joi % }A 1]JA vi % }*8}i 1Z }%o

]I & 10] 18]1Z 1 uoi Joiu HME}% ~a% viloel U W}ESUP oU /5 o]i U &E

EJI}i uel U Eiu I« 11} ]+ %}8 Ivpo & lui v Iv viimpristupimé grovadehin} & §]/
“Hu E*5Apu ] PE}“HU E+ KU XEESTAKEUE Tv *lp%]v 1 PE}“pu E+3A} p o
primjernih inovativnih Ocva.

DisseminationLevel[Publid Page85 of 102


https://www.forest4eu.eu/

Izvori:

https://ec.europa.eu/eip/agriculture/en/findconnect/projects/networkl%E2%80%99agroselvicoltiscana
newton.html

https://gonewton.it/

https://www.facebook.com/people/NewtorAgroforestryNetwork-in-Tuscany/100045126715220/

https://eu-capnetwork.ec.europa.eu/projects/agroforestmgetwork-tuscanynewton de

Relazione tecnica finale del Gruppo Operativo NEWTENSt}E| % E o[ PE}s 0A] }oSuE ]Jv dKe

https://www.innovarurale.it/it/pei-agri/grupptoperativi/bancadatigo-pei/network-lagroselvicolturaoscana

NEWTON NEtWork Operational Group for agroforestry in Tuscany: Criteria and indicators for the certification of
the sustainable management of an agroforestry system PEFC

The NEWTONNEtWork Operational Group for agroforestry in Tuscany is one innovative operational group (OG). Th
main objective was the promotion of an innovative system for "sustainable agricultural intensification" of agroforestry
and its practices throgh participatory dissemination of innovative technical and scientific knowledge among all
stakeholders, in order to enhance traditional Agroforestry (ASC) agroforestry systems (mixed olive growing; Mantin
et al., 2016) and to promote innovative ASC agrestry systems (silverable systems with polycyclic rows; Mantino et
al.,, 2017). This objective was achieved through activities focused on the transfer of knowledge and the activitie
focused on demonstration and dissemination of innovations.

The specific objectives of the OG were:
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x the creation of the regional knowledge network for ASC agroforestry systems,
x the development of the innovation network based on case studies in private and public companies,

x the dissemination of knowledge and innovations through a web pdedicated to ASC agroforestry
systems in Tuscany (www.gonewton.it) and

x the identification of innovative strategies for the valorisation of afprestry and agresilvicultural
production.

The knowledge transfer has been implemented through the network of farmers and stakeholders, based on th
participatory approach and the use of interactive information tools such as theG®¥8bportal and gamification
tools/techniques for learning. Furtherore, knowledge transfer was supported by the implementation of the training
tools such as seminars, meetings, courses and study visits and finally the establishment of the first Agroforest
School.

The activities in agriculture and forestry companies carried out by the PEFC Italia (OG Newton project partner), play
an important role in the recognition of NEWTON efforts. The innovations proposed by PEFC Italia concerned econon
environmental and stial spheres of agrbrestry companies. These segments can be pursued by implementing
systems with lower emissions of greenhouse gases, conserving the biodiversity and fertility of the soil, having great
stability and giving greater added value in tharket and at the same time having products with sustainability
certification; all issues that fall within the membership of certification schemes. The transfer of these innovations
occurred through direct communication with the project's partner companiasthe quality and quantity of the
products deriving from their management potentially subject of the certification. For companies not participating in
the project, the innovations deriving from the project will flow into the Standard of "Sustainable raargan of an
agroforestry system" adapted and refined in the companies of theNE®W/TON project and replicable in other
regional and national contexts.

The PEFC lItalia analysed the data on traceability and sustainability oeiipoltural production and related
transformations implemented by the project partner companies (CIRAA Pisa). Time was devoted to the analysis of t
data provided by the compaes, and in parallel, identification of the type of certifiable products deriving from the
agricultural, livestock, forestry and agroforestry component was conducted, plus the identification of certification
schemes potentially implementable to provide gaatee of the sustainability and traceability of the identified
products.

For the purpose of implementing these activities was essential to identify the process or product certification
standards that have a national value, knowing that some are also recognized on a global scale (such as the |
standards or the PERESC standds, Global Gap, BRC, etc.).

In the study carried out in the partner companies, 48 products or product categories and 13 transformed anc
processed products were identified. These 61 products are potentially the subject of a certification (both of quality
and product, but also ethicsnd sustainability) that has recognition of the certification on an Italian, European or
global scale.

The final result is 35 certification schemes applicable on an international scale for the 61 products and produc
processed by the partner companies of the NEWTON project.

During the project implementation, as a supplementary and initially unforeseen activity, various reference
Certification Bodies in the national sector were involved for the validation of the data and the certification type initially
identified by PEFC Ital Involvement was as consequence of receiving positive feedback from experts consultec
regarding the methodology and market consistency of the certifications initially identified by PEFC Italia. For thi
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research, PEFC Italy initially used an online platform (https://sustainabilitymap.org) capable of simultaneousl
analysing the different processes and requirements of the various certification standards identified and suitable to b
reported on a global sde for each product/product categories.

For action "Application of internal checks (audits) for the integration of the different certification standards in OG
companies" PEFC ltaly, within the process of drafting the certification standard of "Sustainable management
Agroforestry” closely coretted to the NEWTON project, organized and conducted seven official online meetings
throughout the entire process of writing the standard, involving twetwp bodies and institutions representing the
agroforestry sector in Italy through 38 active partamps in the process, including researchers and the partner
companies of the NEWTON Project. These meetings dedicated to the topic of Agroforestry in Italy saw the applicati
of the requirements issued by the International PEFC, translated and discusbatievexperts participating in the
Forum, and of the national legislation, treating as case studies in particular the management systems of partne
companies of the NEWTON project.

The PEFC lItalia conducted the pilot tests for the Sustainable Management standard of an Agroforestry system (P
ITA 10015) in autumn 2022 which enabled the company's technicians to analyse the guidelines and indicator:
established during the process dffafting the standard, highlighting the difficult application of some and improving
others. The experience and the knowledge acquired during the project will be regionally and nationally taken throug
a document easily implementable in any company for ttestification of products deriving from sustainable
agroforestry management.

The economic repercussions will be visible in companies willing to invest in the certification of products coming fror
agroforestry-pastoral systems or through the certification of the sustainable management of an agroforestry system
according to the PER@lia scheme, which in both cases would allow access to the market with product and system
traceability certifications, to give the end consumer a guarantee of the correct management of the company systern
As a consequence of the economic repercussiprigjuct and system certifications will have an impact on companies
more prudent and respectful of the mandatory environmental requirements required by the certification schemes,
implementing corporate sustainability in social and environmental terms aediog up to new market channels.

The GENEWTON project contributed in fundamental matters to the first Agroforestry certification system in Europe,
and one of the first worldwide, available as early as March 2023 and applicable in an accredited manner in the fir
months of 2024.

Horizon Europe funded projedOREST4EWttps://www.forest4eu.eu)) aims at connecting existing operational
groups from different countries across Europe (Spain, Portugal, Italy, France, Austria, Slovenia, Latvia, Sweed
Netherlands, Germany) in order to encourage the transfer of knowledge and experience in innovative approache
implemented in forestry and agroforestry. The NEWTO¥EtWork Operational Group for agroforestry in Tuscany is
one of those exemplar innovativeG3.
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Inovacgéao e Transferéncia de Tecnologia no Tratamento do Cancro do Castanheiro em Portugal.

Forest4Eué um Projeto europeu financiado pelo programa Horizonte Eur@gmtrase na procura e selegdo de
informagé&o relevante que ilustre o manancial de conhecimento e de inovagédo advindo do trabalho dos Grupc
Operacionais, na Europa, focados nas tematicas Florestais e Agroflorestais. A apresentagéo desta informagdio sera:
em formato escrito ou audiovisual, procurando chegar a um publico vasto, nos varios paises participantes naque
projeto. Este trabalho enaltece o valioso contributo de muitogp@8s Operacionais para a resolugédo de problemas
ligados aos setores referidos, o qual, por vezes, fica confinado regionalmente ou no pais de origem.

O presente artigo aborda o tratamento biolégico do cancro do castanh@rgphonectria parasitigeem Portugal,
baseado no Relatério emanado do Grupo Operacional BioChd§thlttendo como base geogréfica principal a regido
de Trasos-Montes, onde se situa mais de 85 % da area de castanheiro em Portugal. No ambito do Forest4Eu es
trabalho foi conglerado de grande importancia para outros produtores e consultores noutros paises produtores de
castanha, em especial na orla mediterranica.

A relevancia deste trabalho sobre o cancro do castanheiro advém da ligacdo efetiva que demonstra entre a ciénci
a pratica, com resultados importantes para quem labora nesta cultura. Este tipo de conexdo é, alids, um dt
contributos comuns e importantedos Grupos Operacionais, em varios paises europeus. Este facto leva a que s
procurem fazer, em devido tempo e no ambito do Forest4Eu, recomenda¢cbes no sentido de aqueles sere
devidamente apoiados, ressaltando até a possibilidade de serem plurinacionais.

As espécies Florestais tradicionais, como é o caso do castanheiro (em todas as suas variantes), desempenharr
importante papel produtivo, econémico, social e ambiental nas regides onde estdo instaladas. Assim, h& a necessid
de Ihes dar a devida atenc&oanalise, melhorando o seu estado fitossanitario (como é o caso aqui apresentado) e ¢
seu carater atrativo, enquanto base de exploracdes florestais ou agroflorestais.

Materiais e métodos

*§ &S]P} S u }u} <« } & o S*E]} "D vp o } ¢ %0 @E& S] * % E } SE S u
(Cryphonectria parasitca u W}ESuP o_U }u ] } } VvSE} E ]J}v o Ju% Slv ] ¢ %
a riqueza da sua informacédo. Tentamos realcar os aspetos fulcrais relativos a doenca do castanheiro aqui em apre
bem como as pistas apontadas para futuros trabalhos

Autores:

Ana Maria Ventura
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César Almeida
SolutopusRecursos e Desenvolvimento, Lda.

RevisaoProf2. Maria Eugénia Gouveltdnstituto Politécnico de Braganca

Innovation andTechnology Transfer in the Treatment of Chestnut Cancer in Portugal.

Forest4Eu is a European project funded by the Horizon Europe program. It focuses on searching and selecting relev
information that illustrates the knowledge and innovation arising from the work of Operational Groups in Europe
focused on the Forestry amgroforestry fields. This information will be presented in written or audiovisual format to
reach a wide audience in the various countries participating in that project. This work highlights the valuable
contribution of many Operational Groups to solvipgoblems linked to the aforementioned sectors, sometimes
confined regionally or in the country of origin.

This article addresses the biological treatment of chestnut carstphonectria parasitigan Portugal, based on the
Report issued by the BioChestAiM Operational Group, having as its main geographic base the region afsTras
Montes, where more than 85% of the chestnut area in Portugal is located. Within the scope of Forest4Eu, this wol
was important for other producers and consultants in other chesjymatducing countries, especially on the
Mediterranean coast.

The relevance of this work on chestnut canker comes from the effective link it demonstrates between science an
practice, with important results for those who work in this crop. This type of connection is, in fact, one of the commor
and important contribuions of Operational Groups in several European countries. This fact leads to efforts being
made, in due time and within the scope of Forest4Eu, to ensure that they are properly supported, even highlightin
the possibility of them being developed in moreathone country.

Traditional forest species, such as chestnut trees (in all their variants), play an important productive, economic, soci
and environmental role in the regions where they are located. Therefore, they need to be given due attention anc
analysis, improvingheir phytosanitary status (as presented here) and their attractiveness as a basis for forestry or
agroforestry farms.

Materials and methods

dz]e &S] o ]- . }v §Z & %}ES "D vp o }( '}} WE& 8] « (}E& sz 1}c
(Cryphonectria parasitica |v W}ESuP oU_ %l 0]Z C SZ E §]}ried Rruité given its vS
richness of information. We highlighted the key aspects of the chestnut disease under consideration here and th
clues for future work.

Authors:

Ana Maria Ventura

César Almeida

SolutopusRecursos e Desenvolvimento, Lda.

RevisionProfd. Maria Eugénia Gouveidnstituto Politécnico de Braganca

9. Innovation title: New and innovative cultivation methods of highly productive apples adapted to northern
climates.

DisseminationLevel[Publid Paged1 of 102



Tanja Kahkonen, Euroopan metsainstituutti

Pohjoinenilmasto ja omenalajikkeet innovaatioiden lahteend: maatalouden tuottavuus ja kestavyys pohjoisessa
omenantuotannossa jaasiiderid, makeaa jalkiruokaviinia, varten Uumajassa, Ruotsissa

Halu asua PohjoiRuotsissa, kunnianhimoinen asenne korkealaatuisten tuotteiden tuottamiseen ja uteliaisuus viinejé
kohtaan ovat olleet johtavia syitd maaseudun innovaatioryhman "Kaupallinen tuottava omenankasvatus pohjoisess
ilmastossat innovaatio uudeé ilmastokestavalle maataloudelle Pohj&isroopassa (Commercial productive apple
growing in a northern climate innovation for new climate resilient agriculture in Northern Europe)" perustamiselle
Uumajaan, PohjoiRuotsiin.

KUVA(Brannland Ciderin valokuvavarastosta tai julkisesti saatavilla oleva valokuva jaasiideriyrityksesta).

Euroopan pohjoisilla maaseutualueilla on ollut haasteita saada elantonsa perinteisestd maataloudesta, kaupallise:
viljeltyjen lajien rajallisesta maéarasta ja yleisesti ankarista ilmaktsuhteista. Maaseudun innovaatioryhman
"Kaupallinen tuottava omenmikasvatus pohjoisessa ilmastossmnovaatio uuteen ilmastokestavaan maatalouteen
PohjoisEuroopassa” Uumajassa, Vasterbottenin alueella, tarina alkoi jo kauan ennen sen perustamista yhden miehe
joka halusi asua PohjeRuotsissa, visiosta. Yrittdja Ards Sundgren halusi asua alueella ja perusti Brannland Ciderin
Uumajan lahelle Vannasbyn kylaan vuonna 2010 ja alkoi valmistaa jaasiiderid kellarissa Uumajan Brannlandissa vuo
2011. Brannland Ciderin alusta l&htien tavoitteena on ollut tuottaa juooka, junnetaan kaikkialla maailmassa, visio
luoda maailman paras makea viini. Yrityksen kaksi ensimmaista vuotta olivat tdynna kokeilujen kautta oppimista. Sii
missd ensimmainen tavoite oli tuottaa siideria, joka on yksinkertaisempi tuote kuin jaadimleden ensimmaisen
vuoden aikana tehdyissa kokeissa tehtyjen uusien l6ytdjen avulla kavi selvaksi, ettd pohjoisruotsalaiset omen
soveltuivat parhaiten jaasiiderin tuotantoon. Havainto kahdesta paikallisesta voimavarseita kylman séén etta
ruotsalasten korkean happamuuden jalkiruokaomenoiden saatavuudesta, jotka soveltuvat luonnollisesti makear
siiderin tuotantoon- tasoitti tietd menestyksekkaén jaasiiderin tuotannon aloittamiselle alueella. Yhdistamalla nama
kaksi paikallista vahvuutta Brannlandd&ista tuli viininvalmistaja siiderinvalmistajan sijaan. Brannland Ciderin
kansainvaliset verkostot, joihin kuuluu viininvalmistuksen asiantuntijoita, jaasiiderin tuotannon asiantuntijoita ja
omenanviljelyn asiantuntijoita, ovat tasoittaneet tietd airadatuisen omenoista valmistetun viinin luomiselle. Nyt
PohjoisRuotsin omenoista valmistettu jaasiideri, makea jalkiruokaviini, on maailman parhaiden joukossa ja se on myt¢
ensimmainen ruotsalainen viini, jota tarjoiltin Nohghlassa vuonna 2022. Maaseud innovaatioryhmassa on
nostettu tulevaisuuden visiota siten, etta siihen osallistuu laajempi sidosryhmajoukko, erityisesti viljelijoita,
aluehallinto, yliopistomaailma ja yrityksetsek& Ruotsissa ettd kansainvalisella tasolla.

Maaseudun innovaatioryhmien tavoitteena on ratkaista maataloudessa ja alkutuotannossa havaittuja ongelmia. N
pyrkivat myos jakamaan keksittyj& innovaatioita yleiseen kaytt6on muille sidosryhmille. Ryhmissa on vahintaan kak
kumppania: maaja metsatalous maataloustuotteiden jalostus ja néaihin liittyvat muut biotalousyritykset seka
ongelman ratkaisemisen kannalta merkitykselliset asiantuntijat/organisaatiot, kuten tutkijat, neuvonantajat, muut
yritykset, yhdistykset. Maaseudun innovaatioryhmien rahoitudtaetaan kunkin Euroopan unionin maan
toimivaltaisilta kansallisilta viranomaisilta.

lImastokestdvan maatalouden uuden haaran perustaminen

Koeomenatarhoja perustettin  ennen maaseudun innovaatioryhmén perustamista. Ennen maaseudur
innovaatioryhman perustamista Brannland Cider oli perustanut koeomenantuotantoalueita Uumajan I&helle-Pohjois
Ruotsiin. Ensimméinen kokeellinen omenatarha, jossa26@ puuta, perustettin sata kilometria Uumajasta

pohjoiseen vuonna 2014. Toinen kokeellinen hedelmétarha istutettiin vuonna 2016 ja se koostui 1200 omenapuust

DisseminationLevel[Publid Paged2 of 102



jotka sijaitsevat Robacksdalenissa lahella Uumajaa. Kokeellisissa hedelmatarhoissa kaytettiin kaikkia saatavilla ole
kylmakestavia omenalajikkeita.

Vuonna 2019 maaseudun innovaatioryhma "Commercial productive apple growing in a northern dlinredeation

for new climate resilient agriculture in Northern Europe” sai rahoitusta hankkeen toteuttamiseen vuosing2@030
Covid19: n aiheuttamien viivétysten vuoksi omenapuiden saamisessa hankkeen kestoa jatketaan ja se kestas
elokuuhun 2024 asti. Hankkeen 10,7 miljoonan Ruotsin kruunun kokonaisbudjetista 85 prosenttia rahoitefgn-EIP
varoilla. Toimintaryhmén kaynnistyttyd vuonna 2020 useideneNjbiden omistamille kiinteistdille on istutettu
yhteensa yli 12000 omenapuuta 10 hehtaarille tavoitteena kaupallinen kannattavuus yhteistydssé paikallistel
viljelijoiden, sekéa nykyisten viljelijoiden etta viljelijoiksi haluavien kanssa. Ruotsin poigj@isilueitat Jamtlantia,
Norrbottenia, Véasterbottenia ja Vasternorrlandtan kaytetty naihin omenanistutusalueisiin. Et&éotsin Skaneen

on istutettu vertailuomenanviljelyalue, jossa kaytetddn pohjoisia omenalajikkeita. Naiden omenanviljelyalueider
perustamisessa on kaytetty yhteensd kymmenia eri omenalajiketta.

Maaseudun innovaatioryhman tavoitteiden saavuttamiseksi ryhmasséa oli mukana eri organisaatoitgksia,
maakuntahallinto, viljelijoiden yhdistys ja yksittéisid asiantuntijoita. Maaseudun innovaatioryhmaan kuuluvat
ruotsalaiset yritykset ovat jaasiider tuottaja Bréannland Cider, teknologian kehitysyhtio Boreal Orchards seka
hedelmien ja vihannesten tukkukauppias ja yksi Ruotsin suurimmista omenanviljelijdistd Elsanta. Ryhmassa
mukana myo6s yksi kansainvalinen yritys, eurooppalainen pohjoisten onji&kalden asiantuntija Blomqgvist
Plantskola Oy Lepplaxista, Suomesta. Yritysten lisdksi ryhmasséa on mukana Norrbottenin aluehallinto, kansallin
viljelijayhdistys LRF Véasterbotten ja yksi yksittdinen puutarhuri, jolla on pitk& kokemus pohjoisen om&ubésian
osallistuvaa organisaatiota edustaa ryhmassa yksi henkild. Kaikki mukana olevat henkil6t tuovat ryhmaan monipuolis
agronomista, puutarhanhoidollista, kaupallista, teknologista, tutkimuksen ja viljelyn osaamista. Maaseudur
innovaatioryhman tuloksna viljelijat ovat saaneet mahdollisuuden monipuolistaa tuotantoaan alueella taloudellisesti
ja ympariston kannalta. Kaiken kaikkiaan hanke edistdd ilmastonmuutoksen kestdvaa elintarviketurvae
uuselintarvikkeiden kehittdmista kuluttajille seka viljeliién, alueiden ja paikallisyhteisdjen taloudellista ja
ymparistoon liittyvaa kestavyytta.

Skannaa (QiRoodi tai katso video klikkaamalla linkkid maaseudun innovaatioryhmén, Bréannland
Isciderin, tarinasta. 2023.ama on tarinan alk

Maanviljely hyotyy paikallisista pohjoisista vahvuuksista

Koska omenanviljely ei sindnsa ole kannattavaa PeRjpigsissa, omenanviljelijat saavat voittoa myymalla omenoita
Brannland Ciderille, joka tuottaa omenoista premitmotetta, jadsiideria. Omenanviljelyn kannattavuutta haetaan
myo6s esimerkiksi keskittaria viljelypanostuksia paikallisiin vahvuuksiin, kuten olemassa olevaan paikalliseen tietoon
omenoiden kasvattamisesta pohjoisessa ilmastossa, suotuisiin pienilmastotaskuihin ja kylmiin ankariin talviin.

Koska omenanviljelyolosuhteet Pohjftsiotsissa ovat erilaiset kuin Etdé¥iotsissa, myos viljelyratkaisuja on
mukautettava paikallisesti. Koska kaupallisen tason omenanviljely on uutta pohjoisessa ilmastossa, omenanviljel
mukauttaminen pohjoisiin olosuhisiin on sisaltdnyt omenatarhojen hoitokaytantdjen kokeilua ja oppimista
omenoiden kaytdnnon kasvattamisen kautta. Samalla kun on kokeiltu perinteisten viljelymenetelmien yhdistamist
uusiin menetelmiin, on kaytetty laajaa valikoimaa omenalajikkeitanogtu maankayttod, erilaisia istutusjarjestelyja,
erilaisia hoitovaihtoehtoja, vahennetty kuljetuksia ja vdhennetty vedenkayttt6d. Kokeilujen avulla on saatu selville
taimien optimaalinen istutussyvyys ja ikd. On huomattu, ettd omenan taimien on oltasivlkakaita selviytydkseen
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hyvin ensimmadisina kasvukausina ja ne tuottavat omenoita my6s aikaisemmin kuin pienemmat taimet. Yk
kokeellisista kaytanndista on kuivaviljely, eli ilman kastelua, ulkoisia ravinnepanoksia tai t@ijgita testataan
omenatarhojen hoitoa suotuisissa iknoilmastotaskuissa. Hanke innostaa viljelijoita menemaéan tavallisen
liketoiminnan ja alueen perinteisen maatalouden kaytént6jen yli. Jokainen viljelija 16ytdd myds oman tapansa hoita
omenatarhaansat koko ideana on oppia uutta tulevaisuutta vartentghda havaintoja, jotta asioita voi tehda
paremmin jadsiiderin tuotantoon soveltuvien sokeripitoisten omenoiden kasvattamisessa Fiehjospassa.

Koska sokerilla on ratkaiseva merkitys omesta tehtavén siiderin tuotannossa, tavoitteena on tuottaa runsaasti soker
siséltavia omenoita sen sijaan, etta keskityttdisiin vain tonnimdaariin. Korkean sokeripitoisuuden liséksi pyritéda
tuottamaan maukkaita omnoita sen sijaan, etta tuotettaisiin omenoita, joiden véari, koko ja muoto ovat samanlaisia.
Jotkut varhaisimmista omenalajikkeista, joiden kanssa Brannland Cider tydskenteli, olivat Austere, Cox Orange
Mutsu. Nyt kaytetyt lajikkeet ovat paljon monipiggmpia ja viela monipuolisempia tulevaisuudessa, kun kaikkien
valittujen kylmékestavien lajikkeiden istutetut omenapuut alkavat kantaa enemman hedelmaa.

KUVA(Brannland Ciderin valokuvavarastosta tai julkisesti saatavilla oleva valokuva omenoista).
Jaasiiderin tuotantoprosessi Brannland Ciderissa
Kryokonsentraatio

Kylma ilmasto on avain jaasiiderin tuotantoon. Jaasiiderin kryokonsentraatio tehd&én kayttamalla Uumajar
luonnollista kylmaa vuodenaikaa. Kun omenat on poimittu syksylld, niitd sailytétiiiinavarastossa saan
kylmenemiseen asti, tyypillisesti marraskuun loppuun asti. Omenat puristetaan ja mehu jaadytetddn viinitilar
ulkopuolella olevissa sdilidissa. Sen liséksi, ettd luonnollinen kylma on avain jaasiiderin valmistukseen, se helpot
my0Os anenoiden perusteellisempaa ja kestavampaa kayttoa raakaena. Kun omenamehu jaatyy, vesi jaatyy ensin

ja jaljella olevasta nesteestd tulee suhteellisesti makeampaa luonnollisesti tiivistettyda omenamehua. Tass
kryokonsentraatioprosessissa sokeri toinjidtymisenestoaineena. Koska tiivistetty omenamehu on vetta
raskaampaa, se putoaa sailion pohjalle. Kun yrittdjat pitavat pitoisuutta riittdvana, he tuovat sailion sisalle sulamaa
hieman ennen mehun valuttamista toiseen saili6on sailion pohjassa olewdtiilirekautta. Valuttamisen jalkeen uusi
sdilio, joka on taynna kylmalla tiivistettyd omenamehua, viedaan ulos jaatymaan ja tiivistymaan uudelleen. Tam
prosessi tehdaan niin monta kertaa kuin tarvitaan, mikd voi vaihdella vuosittain. Bréannland Cigettimen
raakarypalemehukapasiteetti on noin 110000 litraa.

Kayminen

Brannland Ciderin aloitusjaasiiderin sokeripitoisuus o483 Brix. Kryokonsentroinnin jalkeen tiivistetty omenamehu
asetetaan kaymissailidihin yhdessa hiivan kanssa. Jaasiiderit eivat ole muotoutuneet ennen kuin niiden luonne ¢
lajikkeiden ja eri sok@itoisuuksien edustajina ndhdaan. Jokaisen jaasiiderisailion annetaan kayda itsestaan yrittajier
viininviljelijdkokemuksen maarittelemien ohjeiden mukaisesti. Kun kaymisen katsotaan olevan parhaimmillaan
kaymissailion pohjalle kertynyt sakka pumpataaispo

Suodatus, sekoitus ja pullotus

Sakan poistamisen jalkeen viini suodatetaan. Osa suodatetusta viinista jatetaan terassailidihin pullotettavaksi tulevie
kuukausien aikana, ja osa syvimmista ja tummimmista viineista kypsytetaan tammitynnyreissa. Sekoitusprose:
tapahtuu haistelemalla, mstamalla ja keskustelemalla viinien ominaisuuksista. Viimeisen& vaiheena viini pullotetaan
kasityota pullotusprosessissa tarvitsevilla koneilla. Kukin 0,5 litraa Brannlandin jaasiiderid valmistetaan neljasta kilos
omenoita. Brannland Ciderilla on kolrpéapullotusta jaasiideria, joista jokaisella on ainutlaatuiset ominaisuudet ja
jotka on suunnattu eri kuluttajille.
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Talla hetkella Brannland Cider ostaa 140 tonnia omenoita Skdnen omenanviljelijdilta, ja pohjoisie
omenalajikkeita on istutettu myos Skanen Osterleniin yhteistyossa alueen paikallisen kumppanin kanssa. Etelaisi
omenoista valmistettujen viinien luonne exa pohjoisista omenalajikkeista valmistettujen viinien luonteesta, mutta
molemmilla on ainutlaatuisia ominaisuuksia, jotka voivat taydent&aa toisiaan. Vaikka vain pienia maaria jaasiideria c
tuotettu omenoista yrityksen omilla pohjoisilla omenaviljelmiltaméan pohjoisen jaasiiderin luonteen on todettu
olevan pohjimmiltaan ainutlaatuinen verrattuna eteldisistd omenalajikkeista tuotettuihin.

Skannaa QRoodi katsoaksesi video jaasiiderin tuotantoprosessista tai napsauta linkkia: Brannland Cider. 202z
Jaasiiderivuost Viininvalmistus kaukana pohjoise¥sa

Edellakavija eurooppalaisisgaasiideristandardeissa

Omenoista valmistetun jaasiiderin innovaatioidre de glacejuontaa juurensa 1906uvun lopun Kanadaan ja
jaésiiderin laadun nimitys perustettiin vuonna 2005 Kanadan Quebecissa. Jaasiiderin valmistus akuitttikin
Kanadassa, varsinainen jaaviinin valmistus aloitettiin Saksassduvi®Dlopulla ja 180@uvun alussa. 197uvulla
jaaviinin valmistusmenetelma vietiin Pohjdéisnerikkaan ja erityisesti Kanadaan lampimien kesien ja kylmien talvien
iimasto-olosuhteiden vuoksi. Vuonna 1978 Kanadassa valmistettiin ensimmainen rypaleista valmistettu jadviimni. 199C
luvun alussa otettiin ensimmaiset kehitysaskeleet kohti jaasiiderin tuotantoa, kun ensimmaiset havainnot osoittivat
etta jadviinin valmistusta voidaamteuttaa onnistuneesti omenoilla. Vuonna 1999 ensimmainen pullo jaasiideria
myytiin Kanadassa jaasiiderin virallisella nimityksella. Jaasiiderin tuotannon kehitys on ollut siita lahtien nopea
useiden tuottajien erikoistuessa jaasiideriin Kanadassa jasyhtlgissa. Vain muutama vuosi sitten, vuonna 2018,
Euroopassa oli 205 jaéasiiderin tuottajaa.

Jaasiiderin tuotannon edellékavijana Euroopassa Brannland Cider on ollut aktiivinen jaasiideristandardi
kehittamisessa Eurooppaan yrityksen alkuvuosista lahtien. Vuodesta 2013 lahtien Brannland Ciderilla on ollut on
laatumaaritelmansa jaasiiderille, jokaudattaa paaosin kansainvalista jadsiideristandardia. Koska jaasiiderille ei ollut
yhteista eurooppalaista standardia ja he olivat ainoa jaasiiderin tuottaja Euroopassa vuonna 2013, Brannland Cid
teki oman jaasiiderin maaritelman sen perusteella, mit& pitivat oikeana jaasiiderin tuotantomenetelmana.
Maaritelma seuraa muutamia poikkeuksia lukuunottamatta, kuten alhaisempi jddnndssokerin tarve g/l, jaasiiderir
maaritelmaa, jonka ovat kehittdneet jaasiiderin tuottajat ja siihen liittyvat viranomaisehdan Quebecissa, joka on
maailman alkuperdinen jaasiiderin kehitysalue. Vaikka maaritelma helpotti kuluttajille tiedottamista jaasiiderin
laadusta, se ilmaisi myds nakemyksen yhteisen jaasiiderin tuotantostandardin kehittdmisesta Euroopalle. Brannlanc
Aderin kayttaméa maaritelma ei kuitenkaan ole viela virallinen, vaan se antaa kuluttajille ja muille ja&siiderin tuottajille
signaalin sdanndista, joita Brannland Cider noudattaa tuotannossaan ja mitéa he pitavat perustana Euroopan yhteise
jaasiideristandrdille.

Brannlandin j&a&asiiderin laadun nimityksen mukaarédsiideri on makea viini, joka on valmistettu kaymalla
omenamehua ja jonka sokeripitoisuus on vahintddn 30 ° Brixin ennen kaymista. Sokerin konsentrointi on teht&a
kayttamalla luonnossa esiintyvaa kylméa. Lopputuotteen alkoholipitoisuuden on olteh&tilavuusprosenttia ja
jddnnodssokerin vahintdan 130 d¢/l(Brannland Cider 2018b). Maaritelmédssa todetaan myds, ettd jaasiiderin
l[&htémehun on oltaval00-prosenttinen tiivistamatdn luonnollinen omenamehwissa kasvatetuista omenoista
ilman lisattyja sailontg maku tai variaineita, alkoholia tai sokeria.
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Jaasiiderin maaritelméssa luonollinen kylm& on yhteinen nimittaja jaasiiderin tuotannolle. Jaasiiderin tuotannor
kansainvalisessa nimityksessa esitetdan kaksi menetelmaa sokerin tiivistamiseksi omenamehuun: kryouutto
kryokonsentraatio. Bréannland Cidesés omenamehun kryokonsentraatio jaasiideria varten tehdaan omenamehun
omenamehun jaatdmisen ja valutuksen toistojen kautta. Kryouutossa omenoiden annetaan pysya puissa, kunni
niissa oleva mehu on riittavan vakevaa jaasiiderin tuotantoon. Brannland Ciger layouuttoa.

KUVA(Brannland Ciderin valokuvavarastosta tai julkisesti saatavilla oleva kuva omenoiden kukinnasta).
Mit& tulevaisuus tuo tullessaan?

Brannland Cider on kasvattanut tuotantokapasiteettiaan tasaisesti vuosien varrella. Jaasiiderin lisdksi Brannland Cic
on valmistanut omenaglogid vuodesta 2017 l&htien. Kaiken kaikkiaan heidan tuotteitaan tuotetaanS80N0
pulloa vuodessa, josta lahesiolet menee vientiin, tarkeimpina vientimarkkinoina Norja, Yhdistynyt kuningaskunta,
Espanja ja Sveitsi. Jaasiiderin tuotannon lisdksi Brannland Cider on myds tehnyt yhteisty0td ruotsalaise
maailmanlaajuisesti tunnustetun lasisuunnittelijan kanssa sitaliakseen jaasiiderilasin erityisesti heidan
tuotteelleen, mika on yksi askel matkalla jaasiiderikokemuksen laajentamiseksi kokonaisuudeksi.

Mitd tulee omenoiden hankintaan tulevaisuudessa, Brannland Cider jatkaa yhteisty6td omenanviljelijéiden kanss
seké Eteléettéa PohjoisRuotsissa. Samalla yhtid suunnittelee omistavansa suuremman osan omenanviljelyalueistaar
Jaasiiderin luonteen ja laadursalta tavoitteena on tulevaisuudessa siirtyd viininvalmistajan mawstad'effort
houkuttelevan kuluttajaystavallisen viinin tuottamiseenjn d'terroir, paikan tunteeseen, joka ilmentaa eri
omenantuotantoalueiden omenoista valmistetun jaasiiderinugliimatuista makua, joka johtuu erityisista paikallisista
kasvuolosuhteista, kuten ilmastosta, maaperasta ja topografiasta. Ainutlaatuiset paikalliset ominaispiirteet toteutuva
tulevaisuudessa entista paikkakohtaisemmalla pullotuksella. Muuttuvassa ilesastomenalajikkeiden valinta
sopimaan myos tuleviin ilmastwlosuhteisiin on tarkeé jatkuva tehtava valittaessa omenalajikkeita tulevaisuutta
varten.

Vaikkakin Brannland Cider ja sen toiminta ovat olleet maaseudun innovaatioryhméan "Kaupallinen tuottave
omenanviljely pohjoisessa ilmastossannovaatio uutta ilmastokestavaa maataloutta varten Pohisoopassa”
painopisteend, maaseudun innovaatioryhnitkan aikavalin tavoitteena on edistaa ilmastokestavaa maataloutta ja
luoda suotuisia kumppanuuksia viljelijdiden ja elintarvikkeiden jalostusyritysten valille uusien tuotteiden
kehittamiseksi paikallisestalueelliset ja maailmanlaajuisille markkioilléanke ja sen spinoffit etsivat jatkuvasti lisda
yhteisty6td akateemisen maailman ja muiden kumppaneiden kanssa. Jos olet kiinnostunut oppimaan lisa
toimijaryhmasta "Kaupallinen tuottava omenanviljely pohjoisessa ilmastéssaovaatio uuteen ilmastokégvaan
maatalouteen Pohjoi&uroopassa”, l6ydat hankkeen yhteystiedot -BlFPRIhanketietokannasta:https://eu-cap
network.ec.europa.eu/projects/commerciroductiveapple-growingnorthern-climate-innovationnew-climate-
resilient_en

Tietoja FOREST4EU projektista

Artikkeli on tuotettu FOREST4EU hankkeessa osana capacity bumdiegiaaleja, jotka on suunnattu sidosryhmille
ympari Eurooppaa. Koskaaaseudun innovaatioryhmissa kehitetyt innovaatiot ovat yleensa saatavilla paikallisesti,
FOREST4EAnkkeen tavoitteena on siirtdd metsataloutta ja agrometsataloutta koskevaa tietoa ja parhaita
kaytant6ja sidosryhmille ja toimijaryhmille kaikkialla Eurasga. Hanke on saanut rahoitusta Euroopan unionin
Horisontti Eurooppatutkimus- ja innovaatieohjelmasta hankesopimuksen N° 101086216 mukaisesti.
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Tanja Kahkonen, European Forest Institute

Northern climate and apple varieties as a source for innovation: agricultural productivity and sustainability in
northern apple production for icecider, a sweet dessert wine in Umed, Sweden

A desire to live in Northern Sweden, ambitious attitudes towards producing high quality products, and curiosity of wine
has been some of the leading causes to the establishment of' EIP K% @& S]}v 0 "E}u% "~ }luu E ]
apple growing in a northa climatet Jvv}A §]}v (J& v A oJu 8§ & +]Jo] v38 PE] poSuE ]\
Northern Sweden.

PHOT(from the photo repository of Brannland Cider or a publicly available photo of a cidery).

Northern rural areas of Europe have been featured by challenges in making living from traditional agriculture, limite
number of commercially cultivated species, and generally harsh climate conditions. The story of -th@& REIP
K% @& S]}v o P&} ukproductive &hplé growing in a northern climaténnovation for new climate resilient
PE] HOSPUE v VIESZ EVv HE}% _ Jv hu U E P]}v }( s *8 & }83 vU "A v
a vision of a man who desired to live in Northerne8en. With the desire to live in the region, an entrepreneur
Andreas Sundgren, established Brannland Cider in the village of Vannasby near Umea in 2010 and started to make
cider in a basement in Brannland, Umed in 2011. Since the beginning of Bra@idandhe aim has been to produce
a drink that would be known all over the world, a vision to create the best sweet wine in the world. The first two year:
of the company were full of learning through trials. Whereas the first aim was to produce csileplar product than
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ice cider, through new discoveries in trials during the first two years it became clear that northern Swedish apple
were best suited for ice cider production. An observation of having two local assstess to both cold weather and
Swedish high aciditgdessert apples suitable for production of naturally sweet cidgraved the way for starting
successful ice cider production in the region. Through combining these two local assets, Bréannland Cider becatr
winemakers instead of cider makers. The internagéibnetworks of Brannland Cider including winemaking experts, ice
cider production experts and apple growing experts have paved the way to create a uniqgue wine made from apple
Now the ice cider, a sweet dessert wine, made from apples in Northern Swedemoing the best ones in the world

and it is also the first Swedish wine ever served at Nobel banquet in 2022. The future vision has been levelled up
the EIPAGRI operational group to involve wider stakeholder population especially farmers, regiorahmgents,
academia, and businedsoth in Sweden and at international level.

EIRAGRI Operational Groups aim to solve identified problems in agriculture and primary production. They also aim |
share the invented innovations to general use for other stakeholders. The groups consist of at least of two partner:
enterprises in agridture, forestry, processing of agricultural products and other bioeconomy enterprises related to
these, and experts / organisations relevant to solving the problem such as researchers, advisors, other enterprise
associations. The funding for ENGRI opeational groups is applied from responsible national authorities in each
country in European Union.

Establishing a new branch of climate resilient sustainable agriculture

Trial apple orchards preceded the establishment of theA&HRI Operational Group. Before the establishment of the
EIRAGRI Operational Group, Brannland Cider had established trial apple production areas near Umed, Northe
Sweden. The first experimentapple orchard was established with 250 trees in one hundred kilometers north of
Umead in 2014. The second experimental orchard was planted in 2016 and it consisted of 1200 apple trees located
Robacksdalen near Umea. In the experimental orchards, alldliehardy apple varieties that were available were
used.

In 2019, EWP'Z/ K% E 3]}v 0 '"E}u% ~ }uu E ] 0 % E} p S]A %o %otdnndV&HGAPY P ] v
v A olJud & -+]Jo]vd PE] uoSpPE ]Jv VIESZ Ev uE}% _ E JA (pv JvP
2023. Due to delays caused hyvirk-19 in getting apple trees, the project duration is extended and it will run until
August 2024. Out of the total project budget 10.7 million SEK, 85% was funded wibrEiihds. After the start of

the operational group in 2020, more than 12000 kppees have been planted in total in 10 hectares in plots owned
by several farmers with an aim of commercial viability in collaboration with local growers, both farmers and those
aspiring to become farmers. The northernmost regions of Swedel@mtland, Norrbotten, Vasterbotten and
Vasternorrlandt have been used for these apple planting areas. A comparison apple cultivation area has been plante
in Skane, southern Sweden, using northern apple varieties. In total tens of different apple varieties haveduba
establishment of these apple cultivation areas.

To reach the aims of the operational group, different organizationsvd E % E]s U &E P]}v o P}A &
association, and individual expertsvere involved in the group. The Swedish enterprises included in the operational
group are the ice ciderrpducer Brannland Cider, technology development company Boreal Orchards, and fruit and
APS3% o AZ}oe o & v }v }( A v[e ]PP 38 % %0 PE}A E+ o0+ v3 X o0¢]
expert in northern apple varieties Blomgvist Plantskolafrom Lepplax, Finland, is involved in the operational group.
] ¢+ VS E%E]s U §Z €& P]}v o P}A Evu v8 }( E}EE }33 vU 3Z v §]}v o
one individual gardener with long experience in northern apples are invaivé® group. Each involved organisation
is represented by an individual person in the operational group. All the involved individuals bring diverse agronomice
horticultural, commercial, technological, research and farming expertise in the operationa.gAs a result of the
operational group, farmers have received an opportunity to diversify economically and environmentally their
production in the region. Overall, the project contributes to climate resilient food security, developing novel foods for
consumers, economic and environmental resilience of farmers, region and local communities.
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Scan the QR code or click the link to watch a video to learn about the story of the operational group:
Brannland Iscider. 2023his is the beginning of the sta)y

Farming practices benefit from local northern strengths

As apple cultivation as such is not profitable in northern Sweden, apple growers receive profit through selling apple
to Brannland Cider which produces a premium product, ice cider from the apples. Profitability of apple cultivation i
also sought for irntance through leaning the cultivation efforts with benefiting from local strengths such as existing
local knowledge on growing apples in northern climates, favourable microclimate pockets, and cold harsh winters.

As the conditions for apple growing in northern Sweden are different from those in southern Sweden, cultivation
solutions also need to be locally adapted. As commercial level apple cultivation is new in northern climates, adaptir
apple cultivation to nottern conditions has included experimenting with apple orchard management practices and
learning by growing apples in practice. While experimenting with combining traditional cultivation methods with new
ones, a wide range of apple varieties has been ugptimising land use, different planting arrangements, different
management options, decreasing transportation, and decreasing water use has taken place. Through experimentir
the optimal plantation depth and age of seedlings has been established. Iebasibticed that apple seedlings need

to be twoyearold to cope well during the first growing seasons and they also produce apples earlier than smalle
seedlings. One of the experimental practices is dry farming, i.e. applying no irrigation, extermahtnimputs or
pesticides, is tested in the management of apple orchards in favourable microclimate po€ketgroject inspires
farmers to go beyond business as usual and traditional agriculture in the area. Each farmer also finds their own w.
of managng their apple orchard the whole idea is to learn new things for future and do observations to do things
better in terms of growing apples with high sugar content suitable for ice cider production in the Northern Europe.

As sugar is crucial in producing apple cider, the aim is to produce apples with high sugar content instead of focusi
on tonnage only. Besides the high sugar content, apples full of flavour are aimed at to be produced instead ¢
producing apples with sitair qualities in colour, size and shape. Some of the earliest apple varieties that Brannland
Cider worked with were Austere, Cox Orange and Mutsu. Now the used varieties are much more varied and will
more varied in future as the planted apple trees bftle chosen cold hardy varieties will start to bear more fruit.

PHOTQfrom the photo repository of Brannland Cider or a publicly available photo of apples).
Ice cider production process at Brannland Cider
Cryoconcentration

Cold climate is the key for ice cider production. Cryoconcentration of ice cider is done with using the natural col
season present in Umead. After the apples have been picked in autumn, they are stored in a cold storage until weath
gets cold, typically ntil the end of November. The apples are pressed and the juice is frozen in tanks outside the
winery. Besides natural cold being the key for producing ice cider, it also facilitates more thorough and sustainab
use of apples as the raw material. When tygple juice gets frozen, water gets frozen first and remaining liquid
becomes relatively sweeter naturally concentrated apple juice. In this cryoconcentration process sugar acts as :
antifreeze agent. As the concentrated apple juice is heavier than wiatingps at the bottom of the tank. Once the
entrepreneurs consider the concentration being sufficient, they brink a tank inside to thaw a bit before tapping the
juice in another tank through a valve at the bottom of the tank. After tapping the new fahlkf cryoconcentrated
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https://www.youtube.com/watch?v=ysQHCMmyg1w

apple juice, is taken outside to refreeze and reconcentrate. This process is done as many times as needed which n
vary from year to year. At Brannland Cider, annual raw must capacity is about 110000 liters.

Fermentation

AtBrannland Cider, the starting ice cider must has a sugar content between 35° and 40° brix. After cryoconcentratio
the concentrated apple juice is placed in fermentation tanks together with yeast. Ice ciders are not shaped befor
their nature as represeations of different varieties and different sugar concentrations is seen. Each ice cider tank is
03538 ( ®uvs}v 3Z]E }Av +« }v 8Z Pp] olJv e (]v C §Z VSE % E v
fermentation is deemed to be at its best, kiieg, pumping the wine of the solid matter accumulated at the bottom of
the fermentation tank takes place.

Filtering, blending and bottling

After racking, wine is filtered. A part of the filtered wine is left in the steel tanks to be bottled within the coming
months, and a part, the most deepest and darkest wines are aged in oak barrels. Blending process is done throu
smelling, tasting and isicussing the qualities of the wines. As the final step, the wine is bottled with machinery
requiring manual labour in the bottling process. Each 0.5 liters of Brannland Ice Cider is made of four kilos of apple
Brannland Cider has three main bottlings ioé wine, each with unique characteristics and aimed at different
consumers.

Currently Brannland Cider purchases 140 tonnes of apples from apple growers in Skane and norther
apple varieties have been planted also in Osterlen in Skane in collaboration with a local partner in the region. Where
the expression of wines made from gharn apples is different from the wines made from the northern apple
varieties, both have their unique qualities which can complement each other. Although only small quantities of ice
cider has been produced from apples in their own northern apple planiaf the expression of this northern ice cider
has been noted to be fundamentally unique compared to those produced from southern apple varieties.

Scan the QR code to watch a video on the ice cider production process or click the link: Brannland Cidene2023.
Cider Yeart Wine making in the far Nordh

Trailblazing in European ice cider standards

Innovation of ice cideridre de glacemade from apples has its roots in Canada in late 1900s and the denomination
of ice cider quality was established in 2005 in Quebec, Canada. Yet, production of ice cider was started in Cana
actual ice wine making was started in Germany in late 1708seany 1800s. In 1970s the ice wine making method
was taken to North America, and especially to Canada due to climatic conditions of warm summers and cold winter
In 1978 the first ice wine made out of grapes wasdurced in Canada. In early 1990s the first developments towards
producing ice cider were taken with first observations that ice wine making can be successfully implemented witl
apples. In 1999 the first bottle of ice cider was sold in Canada under th@abffiesignation of ice cider. The
development of ice cider production has been rapid ever since with several producers specialising in ice cider in Cane
and the US. Just a few years ago, in 2018, there wefi51i0e cider producers in Europe.

As a trailblazer for ice cider production in Europe, Brannland Cider has been active in developing an ice cider stand:
(JE HE}% ¢]v SZ }lu% vC[e E&oC C E+X ~]v 1TiitU & vvo v | €& Z
cider which maint follows the international ice cider standard. As there was no common European standard for ice
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cider and they were the only ice cider producer in Europe in year 2013, Brannland Cider made its own ice cid
definition based on what they considered being the correct ice cider production procedure. The definition follows with
a few exceptions, such dewer residual sugar requirement g/L, the ice cider definition developed by ice cider
producers and related authorities in Quebec, Canada, the original ice cider development area in the world. Where:s
the definition made it easier to communicate with thensumers about the quality of the ice cider, it also signalled a
view on developing common ice cider production standard for Europe. Yet the definition that Brannland cider uses
not official yet, it gives consumers and other ice cider producers a sijmales which are followed by Brannland
Cider in their production and what they consider as a ground for joint ice cider standard for Europe.

}& JvP 8§} §Z &E vvo v viu]v 8]}v (}d& Cider ig] a SveefuwmSpgoduckd through the
fermentation of apple juice that holds a sugar content of at least 30° brix before fermentation. Concentration of suge
is to be done using naturally occurring cold. Alcohol content in the finished produdierhetween 7 and 13 percent
by volume and residual sugar must be at least 130gr/lx E vvo v ] @& 11i6 X dZ (Jv]s]liv o
5 ES]JVP ipu] (}1E ] 1poo@inZoncehirated hatural apple juice from Swedish grown apple&]3Z v}
added preservatives, flavors or coloring, alcohol or sugar (chaptalization).

In the ice cider definition, naturally occurring cold is the common denominator for ice cider production. In the
international appellation for the production of ice cider, two methods of concentration of sugar in the apple juice are
outlined: cryoextractio and cryoconcentration. In Bréannland Cider cryoconcentration of apple juice is done by
repeated cycle of freezing and tapping of the apple juice. In cryoextraction apples are let to stay in trees until the juic
in them is concentrated enough for ice ciqeoduction. Cryoextraction is not done by Brannland Cider.

PHOTQfrom the photo repository of Brannland Cider or a publicly available photo of apples flowering).
What may the future hold?

Brannland Cider has been steadily increasing its production capacity over the years. Besides ice cider, Brannland C
has produced an apple mulled wine since 2017. Overall, 860000 bottles of their products per year are produced
with nearly half of hem being exported with main export markets being Norway, the United Kingdom, Spain and
Switzerland. Besides ice cider production, Brannland Cider has also partnered with a Swedish world renowed gl
designer to design an ice cider glass specificallghtr product which is one step in a journey to extend the ice cider
experience into a whole.

What comes to sourcing apples in future, Brannland Cider will continue collaborating with apple growers both ir
southern and northern Sweden. At the same time, the company plants to own a larger proportion of its apple
cultivation areas. In terms of expen and quality in future, the aim is to move frold]v [ ( (3t Df the
winemaker to produce an attractive consurdigiendly wine, toA]v [$ , @ABg plplace expressing unique flavour

of ice cider made from apples from different apple prodantareas stemming from specific local growing conditions
such as climate, soil and topography. The unique local characteristics will be realised through mspedite
bottling in future. Under changing climate, choosing apple varieties to fit al$otune climatic conditions is an
important ongoing task while selecting apple varieties for future.

tZ E « Evvov | E v ]3¢ }% & 3]}ve Z A v 3Z (} o %}]vs }( §Z
productive apple growing in a northern climatgf vv}A §]}v (}E v A oJu § & <]Jo] v8 PE] pos|
the longterm goal of the operaonal group is to contribute to climate resilient sustainable agriculture and to create
favourable partnerships between farmers and food processing companies to develop further products in local
regional and global markets. The project and its spinaffgiouously search for further collaboration with academia
and other partners. If you are interested to learn more about the operational gréuguu E ] 0 % E} p $]A
growing in a northern climate innovation for new climate resilient agriculture in}Es$Z Ev yEgdsfindiuhe
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network.ec.europa.eu/projects/commerciproductiveapple-growingnorthern-climate-innovationnew-climate-
resilient en

About FOREST4EU project

The article has been produced in FOREST4EU project as a part of capacity building material directed to stakeholc
across Europe. Whereas innovations developed in the operational groups are typically available locally, FOREST
project aims at transfernig knowledge and best practices on forestry and agroforestry to stakeholders and operational
PE}H%oe Elee PE}% X dZ]s % E}i § Z + E A (pv JvP (E}u S8Z HE}%
Innovation Programme under Grant Agreement N° 1010862
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