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RIASSUNTO

Secamdo quantoriportanoi dati del recentenventaio forestde, le forede italianecrescano

annwalmentedell’'uno percentoche corrispade a circa 100000ettai. Unadelle caise € |l

generaleabbandoo della montagnae ddle attivita di agricoltura montana che lasciano

spaz apertialla ricolonizzazionedel boscg maancheil merato del lavoro in boscoe del

legno hanno dato il loro contributo. Da una lato infatti il costo del lavoro € andato
crescend, dall'altro il valore del legno, in piedi e al'imposta e calato a livelli tali da
renderenon corvenienteil taglio e I'esbasco del legrame. Paalldamente il bosco ha
acqusito valore in relazionead altre funzioni quali la corsevazione della biodivesita la
protezione dal rischio idrogeologco, le attivita turistico-ricreagive e non ultima quella
dell’accumulo del carbonio.Anchela certificazone forestle ha interferito conil mercato
dellegno,in parte positivamenteailasciando un marchio di qudita e di gegione sostenibili

ai prodott locdi, dall'altro haimpostoregde che limitano la determinazione dellaripresaa
menodi quello chee I'incrementoannuo.Cio porta inevitabilment a un aumento costante
della provvigiore dei nostri boschi e influisce sui costi di utilizzazione poiché la
produttivita delle operazionirimane senpre piuttodo bassa. Anche I'i ntroduzionedi una
meccaizzazone avanzatasembra essee possibile solo in presenza di determinate
condzioni. Tuttavial'industria del legno,sopratutto del mobile, e il nuovointeressererso

I'util izzo delle biomasseforestali a scopi erergdici sono in continuacresaa. A trarne
vantaggp e statol'import del legnameproveniente dall’es Europadovela manodoperaha
cost piu bassie dovela selvicoltua conenteancoradi effettuaretagl arasa

A livello di pianifi cazione,alcuneregioni hanno introdato nuovenorme per la redazione
dei piani di assestamentona e ancoradifficile trovare indicazoni precis riguardo ale

camteristichedi accessibilitée percorribilitadelle paticelle nonché delle motivazoni che
spingonol’assesttore a consgliare un sistema di utilizzazione piuttostoche un altro. Una
scdta errata(seaggiuntaa unamartellatadel lotto md eseguitaponsdo puo far lievitarei

cost e scoraggiard'imp resaforestalead esguireinterventi simili in unadataarea,mapuo
ancheessee causadi danniinevitabili al suoloe al popoamento e, nel caso piu estremq

indurreanon esegire il taglio pregiudicado e anrullandol'utilita della pianificaziore.

Il moddlo perla pianificazione integratadei sigemi di utilizzazone (FOpP model) mira a
fornire valide alternative al pianificatorenellascdta dei sistem di utilizzazione suppotate
anchedall’analisieconomicalegli interventie dall’eff etto che posonoaweresul valore dd

legname. L'interpretazione dei risultai del modello pud inoltre es®re utile ndla
valutazone del grado di infrastrutture viarie, evidenziando aree carernti o aiutando il

pditico a valutare progetti e a indirizzare eventuali contribut finalizzati alla loro
costuzione

Le fasi di abbattimentovengno generainente effettuae a maro con l'utilizzo della
motos@a, I'harvesteré presentenell’areadi studo, ma spes® viene utilizzato sdo come
proessoe perchéi diametridelle piante superanoi limiti teaici delle tedate abbatitrici.



Quello cheinfluenzamaggiormente costi di allesimento dei lotti di legrame € dunque
'operazionedi esbosco.Ci sono molte sfumature, molte marchee tecnologie diverse
utilizzate dalle impreseforestal, ma per semplificare si € deciso di seleziorare cinque
tipologie nelle quali possonaientraretutti i sistem. Trai sigemi off-road e stato sceltoil
trattore con verricello, il forwarder e il cable-forwarder. Questultimo, seppure arrivato in
commer@ dapoch anni,potrasoppiantee il forwarderperché e adattoa lavorareanchesu
pendnzeelevatetipiche delleforestealpine italiane.l sistami di eslbscosufunesonostati
raggruppait in due categorieJe gru a cavomobili e le gru a stazione motrice semifissasu
argano.Di ogruno dei cinquesistemisi sonomonitorde le produttivita attraveiso I'analisi
dei temp di lavoro raccoti in diversi cantieri in bosm e si € tentato di ricavare delle
formule che mettesseran relazione la distanzadi esdoscoda strada con la produttivita.
Sullabasedi questidati sonostaticalcohti i cogi unitari. Per ogn sistenasi soro definiti i
limiti tecniciperpoter operarenel casodd sistemi off-road si sonopres in condderazione
l'accidentalitadel terreno,la pendenzala distanzada stradae la portana del sudo, per i
sisiemi su fune e sufficiente consderarela distarza da stradae la pend&enzaminima di
funzionamentodella linea (che opera solitamente a gravita). L'insieme dei pamaméri
cosituiscele regolesulle qudi sibasal modello.

Molto importarte per rendereun mockllo utilizzabile & cercare di limitare il numero di
informazionirichiesteall’'utente. Il repermerto e la preparazone dei dai richiedespesso
grandedispendo di tempo.Perquestomotivo il FOpP modelé stato cogruito basandossui
dati che sono generalmenteadisponibili o reperibili pres® gli entiregondi (webGIS) o nei
pian di assestament@i stainoltre senpre piu diffondendol’utiliz zo di databasee files gia
prorti per I'utilizzo con strumentiGIS. Cinque informazion sono necessarieper far girare
il modelo: il Modello Digitale del Terreno(DEM), la classficazionedei suoli, i dati medi
di precpitazioneamui, la retedelle stradeforestalie i dati dei piani di assegamento.
Questishapefiles devonoessee inseritiin un Geocdhtebase per poteresseregestiti in modo
piu veloce e sicuronella prevenzioe di errori di calcolo. Il funzionameto del mocello si
basasul'utilizzo degli strumenti(tools) di Gegrocesing di ArcMap (ESRI) ed e stato
generatocon ModelBuilder, interfaccia opeativa grafica che consete di creare nuovi
strumanti in ArcGIS (Toolboxes), di poteli condividere con altri ricercaori e di poteti
espatare o integrareattraversdinguaggidi progamnazionemolto diffusi. La creazionedi
una mascheradi dialogq supportatada un testoinformativo atergo, corsenteall’'utentedi
modificarei parametriadattandal modelloale proprie necessta.

Successiamentealla suacreazional moddlo € stato sottoposo a unavalidazioneesegita
in due mod diversi. E stata effettuatauna interviga ad alcune imprese forestali per
recuperee informazioni relative alla locdizzazone e alle attrezzaure utilizzae in cantier
di utilizzazone effettuatiin passito. Inoltre, sottopmendouna mappaai regponsabilidi una
ditta che utilizza il forwarder, si sonoindividuate delle aree dove seconddoro potrethe
lavorare. Questi risultati cono stati confrontati con i risultati del modello per valutare
guarto siavicino alla realta.Un altro metododi validazione ha confrontao le mgppe del
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FOpPmodelconquelle prodottedaun moddlo molto simile sviluppatoin Slovenia. Basati
entambi su parmmetri molto simili, hannorivelato notevoli differenze per quanto riguarda
I'util izzo del trattore e delle gru a cavo. In particolare, il FOpP modd si € rivelato piu
precisonell’individuazionedelle areenon raggiungibili dai sistemi di utilizzazone.

Sorp stak esegite anchealcure prove per saggare la sersibilitd del mocello. Si é tedato
come variano i risultati al variare dei parametriche definiscono i limiti tecnici delle
attrezzaure. Si & analizzatan paricolare come varianoi costi di edosm e la percentuale
di areacoperta daogni sistemadi utilizzazioneal variare ddla distanzamassina di esbosco
di forwarder e gru a cavomobile. Si é testataancte la possibilita di effettuare il calcolo
selezionandedo alcuneattrezzaturee si e verificato come questoinfluisce sulle areenon
raggiungibli.

Le mappeottenue dalle elaboraziondel modello sono facilmenteinterpretahli e leggibili,
riportanodelle utili legendeche permettonadi identificare in qualeareaogn sistena puo
intervenire.Ad un primo risultatocheandizza la fattibilita degliinterventi di utilizzaziore
segueaunasortadi analisieconomia. Si ottengonoinfatti delle mgppeche riportanoil costo
delle operazionidi esboscasia per cella (della mgppa in raster) sia per metro cubo di
legname E cosi possibile effettuaredelle utili statigiche per ogni particella asesamentale
e prevaderel’economicitadegliinterventisulla base ddle prescrizionepreviste dal pianodi
assestaméa o economico.Una interesarte applicazone riguarda le strade foredali:
facendofluire il legnamea stradae possible stimare quant metri cub verranro esbacati
su ogni specificotratto di stradae prevederecos qualesaail traffico di automezzichela
percorrera.Sulla basedel transito previsto, che detemina inevitabilmente I'erosionedel
fondo stradale, € possbile redigere una soita di piano delle manutezioni delle
infrastruture. L'analisi consenteinoltre di eviderziare quali aree boscée non sono
raggiungilli. Nell'ipotesidi amalisi di un nuovo progdto, aggiungado la stradaallo shape
iniziale e facerdo girarenuovamental modello,é dumue possibileverificare comequesto
influiscesullasceladel metododi esbosce sul valoredd legna

In seguib a una pianificazione generaled’area € comurgue ausgcabile uno studio piu
particobreggato chevadaad analizzaranterverio pe interventotutte le questioni inerenti
al cantere, dalla logisticaalla sicurezzade lavoratori, dai costi fissi a quelli variabili e a
guelli aggiuntividovuti ai tempimorti o di trasfeimento degli operdori.

Vengono allafine illustratealcunemigliorie che si potrebberoapporareal modello,alcune
raccanandazione alcuniesempidi applicazionedellapianificazione

Le migliorie riguardanola possibilitadi includere nel modello I’ analisi dell’'id rologia dei
versanti (torrenti 0 zone paludose)che agisce da bariera all’'avarzamento dei meza
fuoristrada, nonché l'introduzione di un parametrolegato ala stagone. Il regme
pluviometrico e infatti variabile nell'arco dell’anno a second ddle regioni climatiche:
guestoinfluiscesula saturaione dd suob, main modo differente a secorda del periodo.
Segli intervent in boscoavvengonalurantel’estate sarapiu probaile chela portanzadel
terrenosia elevatae consentda circolazone dei mezi al pienoddle loro capadtatecniche.



Le raccomardazioni riguardanola qualitadei dati. Sarebbeauspi@hile pote utilizzare un
modello digitale molto piu precisocon dimensioneddle celle pari o inferiori ai cinque
metri. Questoé oggi possibilegraziea strumenti qudi il lase scanner(Lidar) e allaumento
delle cgpacitadi elaborazionalei personhcompuer. Altre informazioni, in partimlare la
presenzadi ostacdi, la ripresae la classficazione delle strade, andrebberorichieste dai
servizidi cortrollo e supervisiongregionee serviz foredali) a momernto dellastesun dei
pian di assestamentdnoltre la loro pubbicazionein formao GIS rendeebbepitu semplice
il loro utilizzoe I'aggiornamentaontinw e purtualede dati.

Concludendosi riportanodue esempidi pianificazone, la prima riguardala valutaziore a
livello di regioneVenetodel numerodi harvester che potrebbergpotenzialmentelavorare
in modoeconomicce competitivo.La secomainvecee I'applicazionedd modellosularga
scda (1400 km?) al fine di valutare costi, carenzee potenzialita della filiera-legno in
unareacompresatra Italia e Slovenia.



ABSTRACT

The foredry sectorin Italy had someproblemsin the last years the genea abandament
of mountainscausedthe uncontolled growth of foreds and sonme prodems on ther
managementfor prevening hazarddike wildfires, the increae of fores work salariesand
the deaeaseof wood value, the concurrenceof eastsde European countries,the forest
cettification which protectedmorethe emlogical function of foreststhan their ecdonomical
value, the incrementof sodal andnaturalfunctiors of foreds asthe carba sinks. All this
factorsinfluenced the way of planningcuttings inside foreststo the point tha sametimes,
due to techncal difficulties or low wood value and amount, they are not economical and
they are not done. But now, the increaing intere$ of the use of wood for heating or
building purposesmay increaseagainthedemand and the value of this material.

The ForestOperationsPlanningmodel helps the foreger making decisionsabaut which
skidding systen is the most viable accordng to stand asesmental data and geografy.
The model may also highlight areaswhich have low foreg roadsdensty. The skidding
operationshave high influenceon the total cutting cods so the model consides only the
skidding opeation, the userwill add unit costs for felling opeations accordng to the
systemused(usually chainsawor harveser). Five sydemns are here considered:the tracta
with winch or skidder, the forwarder, the cable forwarder and two aerid systems,the
mobiletowerard the sledgje yardercablecranes

The modelwashbuilt on a GIS environmentwith the ArcGis ModelBuilder. It is practically
atool which canbe sharedwith otherresearbersard modified accading to any neels.
The input fil es required to run the model are five: the Digital Terrain Model, the soll
classification or stability, the averageyearlyamountof rain, the fored road network and the
assessmentédreststanddata.

The modelwas validatedcomparing resultswith real working sites doneinside the study
areaor comparing resultswith othermocels on different studyarea. The model evaluation
wasdonecheckingtheinfluenceof parametevaridion on output results.

The model outputsareseveralgrid mapsshawing the feasibleworking areaof eachsystem,
the technical and optimizeddistribution of systemswith costs(evaluaed cell-by-cell and
percubic meter).Thestatistictoolsallow to make standreportsand deeparalysis.
Compaing modeloutputsit is possibleto evaluatethe accessibility of fored andplanthe
building of newroadsto improvetheinfrastrictureand reducethe skidding costs.

At the end, two practicalexamplesare reported and some discussion are done about the
input data quality anda moresite-specifc planning.






1. INTRODUCTION

The term “integrated” has becomecommon when speaking of natural and environmental
disciplines. Even on a more technicaland engneeing work, sud the model preseted
inside this dissertationaim to considera wide spedrum of sdences: ecology, hydrology,
sylviculture, technology and infrastructuralplaming. Reallts of an integated planning
haveto considerall of themtrying to optimize the efficiency andneed or, better reduce
negaive impacts.

1.1. FORESTSAND FORESTRY. STATE-OF-THE-ART

Italy occupiesalong peninsulastretchingrom the Alpsinto the Mediterranein Sea Forests
aremodly locatedin the Alps andin the mourtainousAppenrn “backbone”.

Accordingto the National Forestinventay carried out in 1985-86, the forest areawas 8.6
million hectareswhile accordingwith the National Institute of Statigics, that publishes
annwal data, the forestland extensionis 6.8 million hectares(CoLpi et al. 1999. INFC

(2007) estmatedmore than 10 million hectars of Italian forestareawith an increaseof

20% in 20 years.INFC considersareaswith minimal forest cover of 10% and minimal

surfaceof 0.5 ha. Of sucharea,6.86 million hectaesarehigh stands,coppce, shruls and
Meditermneanmacchiaforest while the remaning part is repreened by small woodlots
(rocky, riparianforestsor shrubbyvegetation).

Most of the productive high forests(mainly coniferous) are in the North-Easten regions
while coppices predominatein the centreof the country. Threefourthsof the removds of

conifer roundwood (about 1.2 Mm?®, tabe 1.1.2b) come from North-Eastern regons
(DELLAGIACOMA 2005). The only relevantexamplesof forestplantationsare the poplar
standsin the northern plain areasof the river Po valley (PETTENELLA et al. 2004). Podar

coverthe 37%of sawnhardwood(DELLAGIACOMA 2005)

Conifers are dominant in high forest, both for extersion (56.3%) and timber volume
(63.1%).The mostimportantspeciess Norway Spruce (Picea abies Kard). Also mountain
Pines (Pinus sylvestris L., Pinus nigra Arnald, Pinus laricio Poiret) and Europeanlarch

(Larix decidua Mill.) are widespread Most coniferous forests are locaed in the Alps

(montanee subalpineSpruce,Fir, Larch forestg, but someimportant onescan be found
also in Sauthern Apennines(Pinus laricio Poiret). Broadleaed high foreds are mostly
beechwoods (Fagus sylvatica L.), but also ok woods (esgedally Quercus cerris L.). In

hill zone are widespreadChestut (Castanea sativa Mil ler) coppices, or coppce of

Hormbean (Carpinus betulus L.), Hophornbam (Ostrya carpinifolia Scopoli) and Oaks
(Quercus spp.) often in mixed compositims. In mourtain zone coppicewoodsare mostly
composedy beechbothonthe Alps andon the Apenrines (CoLpi et al. 1999).

The naional growing stockof high forestsis about 405 millions of m® (about211 m®hal),

with a total amual incrementof approximagly 30 million m® of timber per year (on



avergie,7.9m°® ha’yr') , butit is haresedonly onethird of it (PETTENELLA et al., 2004).
Currenty in high forest, the anrual yield rarely exceeds50% of the annual growth.

Harvesing is on avaage35% of the currentincrement. This led to a geneal increasing of

the growingstockin thelastdecadegCoLpi et al. 1999. Main causesf low utilisationare
lack of infrastructuresdlifficulties of access,strict regimeof protection for protectedareas
andinsufficientecacnomicvalueof wood (PETTENELLA et al., 2004).

1.1.1 Defining study area

The study area considersVeneto, Friuli Veneza Giulia regions and Trento province in
North-easternitaly (Figure1.1.1.3).

Frivli'Venezia Giulia Region

i Veneto Region

=)

‘

Figurel.1.1a:thestudyareain thenorth-easternpart of Italy

Forestis mainly locatedon mountanousarea so foreg operationsaremainly cariied out on

steepterrain, and this affectsthe opewtiond method, the machinery equipment, the road

network requrement, the length of the working period and the availability of manpower
(CavaLLI 2004) The econonic feasibility of logging operation in mourtainous areais

influencedby small private ownershipstructure, the diffi cult terrain conditions(steepess
androughmess),small harvestedsolumesdriven by sylvicultural requirenent (STAMPFER

andKANzIAN 2006) andtranspeotation costanddistarce (SPINELLI et al. 2007)

In this areasawmills are generally small and especially on mouwntainousarea they are
orientedto processconiferoustimber. Sawmill byproduds supdy concernatly the local

market and partly it leanson alroad marke (Germany, Austria and Eagern counties)
(CiccaRrEsEet al. 20049.

The use of wood as renewableenergy sourcefor heatingin the years 20032006 was
promoted with European structural funds, rural dewlopmen plars, enegy projects,
regional and provincial funds. The majority of boilers and heding districts require wood
chip. This materialcomesmostly from sawmills but a good planningof forest operatiors
andcutting systens could improvethe useof forestbiomassredudng costsandincreasing

quality (EMER et al. 2007).
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1.1.2. Forest management

In Italy, 60% of the forestland is ownedby private person and the other shae is for public
property. Public ownedforestis possesedby local municipaities. Accordingto General
Censusof Agriculture (ISTAT 2000),the averagesize of private fored propetiesis 7.51
ha. Private owned woodlands are usually very scatered and rarely keep a forest
managemenplan. This is a big problem for an active managementof forest resaurces
(EMER 2005). Inside the researcharea,about 90% of the forests are situated in mountain
areas,7.5% in the hills and only 2.6% in the plains (table 1.1.2.a) Accordingto forest
managemenplans,forestarefastgrowing to arhythm of 5.7 m*hayearin high forestsand
6.2 m3/ha.yeaiin coppiceforests(GPA 200).

Tabe 1.1.2.aforestareaandlocationin North-easterritaly (CAVALLI 2004

Characterist Bolzano Trento Veneto  Friuli-Venezia | - Italy
province  province region Giulia region
A Forestarea ha 308844 323006 271885 184156 1087890
B Provincial orregional ha 740043 620687 18364® 784600 3981730
total area
A/B % 417 52.0 14.8 235 27.3
Forestlocation
C Mountan ha 308344 323005 21160 135285 978737
D Hill ha 0 0 45752 35348 81100
E Plain ha 0 0 14530 13523 28053
CIA % 100 100 77.8 73.5 90.0
D/A % 0 0 16.8 19.2 7.5
E/A % 0 0 5.3 7.3 2.6

Soil andwaterconsenration is themaingod andcongraint of forest managementActually
forestry practices are carefully controlled and redricted by spedfic rules, aiming a
sustaible plaming and maragementof forest land. In high fored clear cutting is
forbidden and forest operationsare leading to naural regenerdion, such as sdection
method and shdterwood methal (group, stripr and edgecuttings), are strongly
encouragedWith this kind of treatmentthe foresthasshift to unevenagedor irregular.In
beechhigh forestis typical to treatwith uniform method.The opening of gapsor stripesby
clearcuting is allowed only in standcomposedby light-demanding speciesin order to
meet the ecdogical requirementsof thee spedes and guaartee the stand naural
regenerdéion. Coppice is widespreadespeially with private owness. The most conmon
methodis clearcut,but for many speciesthe law prescrbes to leave same standrds to
favour seedproduction and sproutsregeneation in old stumys. The seledion methodis
appiedin manybeet coppicesalot of which are public proprieties (CoLpi et al. 1999).

Forestsarea puzzleof smalldifferenttypologes, amost 70 foresttypes hawe been defined.
Eachof them is charactered by different degeesof biodiversiy, connetedto the shareof
treespecies,the foreststructure their regiond sprealing, the preseceof protectedanimals
and flowers, and many other parameter§DeL FAVERO 2001 and 2004). Basd on the
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Coarine Land Cover (APAT 2005, foresed area is divided in coniferous (39.3%),
hardwoals (46.8%) and mixed foreds (14.1%).Ash-hornbeamand oak-hophonbeamare
the most spreadforest typeson the foot of the mountain and hilly areas.On mouwntairs,

beechforestsand spruceforestsin alpine areasare most common.Other rare types like

Meditermneammacchia,oakforestson plain areasandPinus mugus, evenif theyaresmall,

they increase biodiversity. In Venetoregion 45% of forested area are includel inside
protected area accordingto the Europeanrules of Natura 2000. Cuttings and re-plarting

operationsto improve foresthealthhavebeen perfamed bath inside protectedareasand in

SIC/ZPSareador atotal of about5000ha (PR 2007)

As a priority for theright managemenf forestsandto preservepeauliarities of each forest
type, forest management plans are a fundamental instrument. Accarding to “Forest
regional laws” (as for examplethe L.R. 52/78 in Veneto), all public forests must be
managd in confarmity with forestasgessmatal plans approed by regional or provindal

forestsewices.In Venetoandin Friuli-Veneza Giulia regionthe shareof forestproperty is

similar, within 50 and60%for public properties (64% of foreds in Veneto areassessd). In

Trenb province public propertiesare bigger reaching more than 70%, but inhalitants have
local rights to usewood coming from public coppice (mosty beechcoppice forests)for
house heatingpurposes As an average 1/10 of the yearly Italian yield comesfrom these
three regions (table 1.1.2.b). Even private properties can be asesed by paticular
environmenal and managemenplans(“piani di riasstto”), but they arenot commonuntil

now.

Tabe 1.1.2.b comparirg coppice and high forestareaand production (CAVALLI 2004)
Bolzano  Trerto Veneto  Friuli-Venezia

Characterisic . . . - ; N-E Italy
province province  region Giulia region
Coppiceforest ha 1763 68963 125084 62923 274608
High forest ha 29121 254037 146757 121193 813198
Spruceard fir highforest ha 55798 31195 20809 10405 118207
B Italian spruceandfir ha 163410 163419 163419 163419 163419
highforest
A/B % 34.1 191 12.7 6.4 72.3
Annual cuttings
Coppice m’ 26488 1798 134705 58336 238009
High forest m® 597947 204410 123902 135293 1061552
Sum m’ 624435 22239 258607 194129 1299561

An importantaim of Italian forestryis to foster natual diversty and ewolution in forests:
mixed forestsare promotedandthe sponaneous re-colonizationof broadleaved spedesin

coniferousplantatian is todaystronglyencairagel (CoLpi et al. 1999).

Many land ownershavealsoobtainel the PEFCcertification for a susainablemanagemen
of forest respectig the interndional standard. Specfic indicatorshavebeen includedto

maintan and improve naturalhabitatsand to evallateenvironmatal damages which could

derive from forest operations.The basic principles of the sugainable sylviculture are
respeted but this leadto plan cuttings that are always belowthe estimaed growing index
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This makedifficult the useof high mechaized utilization systemsmanyplannedcuttings
havelow yield, or they areon difficult terrairs, or thereis no infrastiucture (forestroads) so
neitherforesterterprisenor sawmillsareinterededin buyingtha wood (HiPrOLITI 2004).

If foreg planningwill considemot only the ecolodcal andenvironmenthpoint of view but
eventhe socal and economical(whatis called hereintegrated planning) Italian forestry
could raise andbe competitiveon the Eurgpean market.

Forestmanaemen shouldbe adajped to the needsof sodety, promoting ecuity within and
betweengeneratios. Sustainablemanagemenis when wood is harveded until a limit

which correspand to the naturalre-growth, sothatnextgeneationswill use tha resouceas
we did. Even DEL FAVERO (2004) pointed out that a charge is needd on several fields:
cultural and ethics, scientific and technologeal, political and juridicd, besdes social and
economeal.

1.1.2.1. Focusing problems

Nowadays,jn someregions(for exampleLombardig or provinces (as Trento),new forest
managemenplans havebeentestingbut still preseving the historicd meanng (CALVO et
al. 1998;CaLvO 2004 CALVO et al. 2004 WoLYNsSKY 2005).0Oneof theman problensis
that sylviculture and forest mechanizationhawe usudly oppositeneeds:the sylviculture
take careof the ecologtal aspectsandaims to reduce cuttingsaccordng to new functions
andutilities assigred to forestCiANCIO andNOCENTINI 1996; DEL FAVERO 2004); on the
other side, work and machineinvestmat costs increagd so that smdl cuttings are not
sustaimmble (HippoOLITI 2006) bec@usehigh mechanizatiomequres high productivities.
Foresterwho makesplannirg shauld conside ard reconcile bothneals, but thisis difficult
andin the pastwasneglectedsothat:

o insideforestmaragemenplansthereare only few information(figure 1.1.2.1.a)about

the optimal cutting and skiddingmethodto be applied when cutting a stard (CIELO et
al. 2004). Sane Regionshave introduwed standard information as for example the
terrain roughnessthe presenceof roadsor skidding trails, the slope or other specific
informdion that are now easiy managd by Geogrgphic Informaion Systemsor
gathered usingnewtechnol@iesasLIDAR (LUBELLO andCAVALLI 2006).
Theway in which foreder definesskiddingsystens is not clear: why he suggeststhat
systen? Will it be feasibleand econonically viable? Building an objective modd
which will ansver thesequestionwould be a good solution. Even more, if the cutting
operaionswill be technicallyand economially feasible, foreder will be sure that his
planningwill be successful. A good knowledge of forest metanizdion sysemsmay
also helpthe plannerin designingnewfored roads andassesingthe road network.
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DESCRIZIONE PARTICELLAN. 60

Piccola ¢ poco razionale particella, prendente origine in basso dal campigolo della Rogabisa ¢
comprendente un ero crinle nellappendice meridionale.

Lungo il confine con 1a part. 62 troviamo un soprassucio adolescents di conifera e Faggio.

Verso la part. 59 prevale invece la fustaia matura di A rosso ed A. bianco, biplana nella parte
centrale, per effeito dellabbondantz rinnovazione alla la base di fusti, monoplana in alio & lungo il
confine con le part. 49-50,

Condizioni vegeative buone, anche s si segnalano incipienti danni da ghiro lungo il campigolo nel
fondovalle.

INTERVENTI Part. 60

Sgambecg delle piante mature che sovrastano la rinhovazions lungo il crinale superiore, verso il
confine con Ic part. 48 ¢ 59,

L'utilizzazione andri unita a quella prevista sulla part. 59.
Esbosco: difficoltoso, con cingolato o con cavallo lungo Iimpluvio a confine con la part. 59. ]

Figure 1.1.2.1.a:a pag-e from tHe cu-l'rrent Asiago fored asesmentd plan. The only
informaion is thaton thered rectargle saying thatskidding will be difficult andhopefully
performedwith atrackedtractoror horses.

o theyield is often too low to guarantee economically fored opeations. This happen
when using cabk cranesor harvesters and forwarders becaise the installation,
translo@ation and maintenancecostsare usually higher thantraditiond systens. Those
new technologiesnakelow damageso the soil and to remaning trees (CeEcuTTI 2001,
MARCHI and PIEGAI 2001, CAVALLI 2005 but they requirehigh cutting quantties. If
the plannerhasno congiousnesf this problem operaions will not be doneand his
work will be useless.

Recently(in the Friuli-VeneziaGiulia) the foresteradviseswhich system is optimal andthe

owner or the forestmamgermakesa prgect of the cutting operaions so tha there should

be a continuum, a dialog betweenplanning, managment and utilizations, astoday is not

(DEL FAVERO et al. 2000.

1.1.3. Forest economy
1.1.3.1. Wood market

In Italy, the two componentsf the forestry sedor (fored activities and wood working
industies) are separatedentities acting rather independently. The lack of integration
betweenthe two sedors is due to different policies and paterns of development.Forest
activities seemmoreorientedtowardsthe prodiction of nonmarket public servicesthanto
anincreasdn theinternalsupplyof wood products.The wood industry is strictly oriented
towardsproduction and competitionin the intemaiond market by giving as muc added
value as possibleto the raw materialimported (CoLpi et al. 1999). In Italy, the bulk of
industial activities is basel on import of rough and semi-finished produds (15.5 Mm?®:
FAOQ, 2007), while internal sypply is ableonly to cover smallnichesof the market.
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Tabe 1.1.3.a:Main indicatorsof thewood-based industry structure(ISTAT 1997)

farms employ turnover import expat balarce

n. n. 1M 1M€ 1000t | 1M € 1000t 1ME€

a. wood in the rough,| 10830 37034 7070 | 7019 5041| 2939 71 -4080
chipsandresidud

b. sami-finishedproducts | 44873 149469 155552 20224  5105| 7571 654 | -12653

sawnwood 4081 17943 24392 | 12917 3812 785 72| -12132

panels 369 12999 48785| 5196 1020 | 4622 438 -573

building material 38520 103672 69928 | 1653 124 | 1684 51 31

packaging 1903 14855 12447 460 150 480 93 21

c. woodfurniture 31807 162107 116719| 4586 155 | 68926 1572 64340

Total (atb+c) 87510 348610 279341 | 31829 10300 | 79436 2297 47607

Wood industry is a flowering sectoremploying 350000 workers (table 1.1.3.3, but the
dimenson of enteprises is low with an averageof 4 employeesNewerthdess the Italian
style is famouws aroundthe world and the furniture expat is at the highest level (tade

1.1.3.b.

Tabe 1.1.3.b import-export balarce in Veneto region (CAMCom 2006a) and Udine

provnce in F-VG (CAMCom 2007a)
VENETO region (2005)

Udine province — FVG (2006)

Import (€) Export (€) Import(€) Export (£€)

sawn or planed wood  398.239.541 77.762.832 108.654.769 n.d.
veneer panels 177.217.125 39.799.606 16.394.205 56.512.781
carpentry 60.196.795 49.040.651 13.799.786 n.d.
wood packing 15.552.122 9.917.337 n.d. n.d.
other wood products 54.397.652 38.692.822 66.465.594 n.d.

sum 705.603.235 215.213.248 205.314.354 56.512.781
furniture 166.629.430 1.783.849.641 75.062.378  698.314.406

In the North-easterregionstherearesomeindudrial districts that areconcentraté asspots
on someplacesor provincesand they are very speidized in the production of specific
isste, asfor exampe the chairdistrict, the furniture-district or the kitchendistrict. This is
clear readng table 1.1.3.c where Treviso is the Veneto province with vocation to that

production activity (comparingts importandexport thereis 900 M€ of added value!)

Tale 1.1.3.c:comparing sawnwoodimport andfurniture expot in Vendo provinces

Veneto provinces Import (€) Export (€)
(2005) sawn or planed wood furniture
Treviso 117.210.806 1.010.466.974
Vicenza 95.557.288 312.972.746
Padova 67.279.836 223.149.733
Verona 35.617.784 118.134.932
Venezia 54.032.266 93.787.390
Rovigo 10.234.477 12.899.455
Belluno 18.307.084 12.438.411

sum 398.239.541 1.783.849.641
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Theannual cuttingvolumeis about10 Mm? with a shareof 60% for firewood and40% of

logs (figure 1.1.3.9. Within logs poplar cover 37% (DELLAGIACOMA 2009, but it comes
mostly from agricultura landssitedin the plain areaalong the Poriver. Poplaris usedin

panet and paperproduction. Broadleaes include oaks ard cheg$nut, coming from the
Appennnsin the centreltaly, and beechthat is requegded for the produdion of furniture,

for example chars. 35% of logs production are conifers of which 21% is spruce (figure
1.1.3.b)

Cuttings in ltaly Logs: share of species

21%

3.174.714 28%

5.305.103 14%

37%

o firewood mlogs ‘ @ spruce m other conifers 0O poplar 0O other broadleaves‘

Figure1.1.3a:annualcuttings(m®) in ltaly | Figure1.1.3b: logsshareof species

Pricesat roadsidedependon the length, diameer andquality of logs (table1.1.3.d. Even
inside the same Region prices of the sanme assortment may vary during the year (figure
1.1.3.c)or maybeinfluencedby the provenence(figure 1.1.3.d).
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Figure 1.1.3c: saw logs prices (€) in | Figure 1.1.3d: wood prices in different
Trento province during 2005 (CAMCoM | local areas of Trento provinee (CAMCOM
2006b) 2006bH

In 2005, after along periodof constantdecreaeof prices high quality as®rtmentshadan
increa® of +5% (saw logs and packagimg) and +16% for normalas®rtment(4 m). As in
figure 1.1.3c, pricesare quite stableduring spring and summer but in autumn they raise
rapidly with situationsof realfight to buy wood at public auctions(CamCom 2006b). This
is possiblydueto a lack of wood in the Europeammarket or to a naturalgrowth of prices
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which in the last yearswere constantlydecreaing. The situation gave an optimistic view
for thefuture of forestry.

Tale 1.1.3.d comparirg wood pricesat road side (LUCCHINI 2006; LUBELLO et al. 2007

CamCom 2007b)

Species FRIULI-V G VENETO TRENTO
quality Descrption value(€/m3)

SPRUCE |A buildings 110 120 111
B+ sawing 94 98 92
B sawing 86 85 85
C+ 64 73
C packagimg (4 m) 54 68 66
C packagig >4 m 77
C lenght5-7m 75 75 74
D lenght5-7m 85 84
D sawing 58 60 66
D packagimy 53 63
D poles(10to 30cm) 44 45 62
D rosewood 32
D for chipping 26

FIR B+ >4-6m 65
B 4m 55

LARCH A 132 150 143
B+ 104 91
B 93 76
C+ 64 68
C >4m 60
C packagimy 55
D rosewood 32
D for chipping 28

BEECH A 25-4m 96
A- 69
B+ 92
B Diam.>35cm 76
B Diam.<35cm 66
B redheart>35cm 66
B redheart< 35cm 61
B packagimy 59

FIREWOOD 2-4m, Diam> 10cm 60 60 65

The variation of prices makes plannirg very diffi cult: forest management plans have
usuallya duratian of ten yearsbut who know ten years in advance what will be prices
and trends of the wood market? If prices will get lower, enterprise will needhigher
yield to coverfixed andvariablecosts(LUBELLO and DEL FAVERO 2007),so probably the
estimatedyield will not be enaugh and nobodywill cutit. If priceswill get higher, also
standingprices will slowly follow and the gain for enterprises will be lower, with the
prodem thatin the meantimethey would have spent moneyfor buying new technologies

andtheywill bemoreexposedo economichrisks
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1.1.3.2. Regional politics

Evenif forestsare growing in areaand stock, wood produds contribute by 0.5% on the
averae regioral grossproduction(PLV) and 0.6% on the agriculturaladded value (AV).
Thesevaluesdeaeasen particula after 1997 dueto thereduction of wood standing prices
(“prezzo di macchatico”)(figure 1.13.eand1.1.3f). Econonists confirm thetrendevenfor
the future becausemarketsopenedto Eastern Eurgpe, where man work and prices in
geneal arelower, anddueto anincreaseof sdling wood after 1990 and1999 stoms (PSR
2007).
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Figure 1.1.3.e:pricestrendin Veneb|Figure 1.1.3.f: averagestandingand log pricesin
region in light gray the averag{Trentino,updatedn presenwalue.

coniferous 1% quality starding prices
in gray larch price at roadsideandin
dark sprucepriceatroadside(RIGONI
2006)

Same situation for sawmill by-products,eve if maket is more steble. Coniferous board
pricesareincreasingwvith anaverageof 7%. Non wood fored produds market giveshelpto
local economes: in the last yearsin Asiago highland,incomingsfrom selling rights for
seachingmushroomsare4 timesmorethanthosederiving from selling wood!

The reduction of wood standingprices makes pat of a common scenaio of general
abandonment of mountains with the consquene in redwtion of active forest
managemerdnduncontrolledforestsgrowth.

In the meantme even costsof man work deaea®d, togehe with profits coming from
forest utilizations. Profits reached29204 € per occupied in 2003 and were saved by the
increasng of work productivity (ISTAT 2003). Introdudng higherlevelsof meclanzation
(asharvestes) couldleadto higherdaily productivitiesever morethan 80 m*man.day
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Figure1.1.3.g: number of working hoursin foresttha can be covered by selling 1 m® of
woad (standingreevalue)(CioTTI 200).

Properies are so scatterecand fragmentedha, if there is any sat of asocidion, cuttings
aretoo small to fulfill the marketdemandDuring the period20062006,in Vereto,regionad
funds wereprovided to promotethe credion of forest assodations,but, evenif the nunber
is quite goad (9 associationccomposedby 270 patners of which 254 are private), the
avergeforestedareais 300ha.

Both foresternterprisesandsawmillsshowa structurd wealness In Venetoregionther are
416 forestenterpriseswith asaveragel.7 workers of which 81.8are seasnd (totally abou
1700 workersper year).313enterpiseshavea “working license”which certifiestheir work
andther professimal qualification. Sawmills cut only few thousad cubic metersper year
andthey are family managedso they are not compeitive for the Europea market.In fact
75% of the 1470 wood industries(inside the regon prefer the import from abroad of raw
materialand boardsthan from regionalsawmills. This is probaly due to an un-congant
production and quality of local productsand to the absence of other services like wood
drying andsteaning.

In Trentino there are 80 forestenterprisesbut only few of them cover the marketmostly
entirely (adually 19 enterprisesare able to cut 63.7% of the amual production,table
11.3.e)

Tabe 1.1.3.eforestenterprigsactivity in Trernto province(CAMCom 2006h)

Cutting dimension Numberof % onthe Auctions Bought % ontotal
entemprises totalnumbe  number wood boughtwood

morethan2000m® 2 2.4 55 9.282 17.5
1500—2000m’ 6 7.2 73 10.994 20.7
1000 1500m’ 11 133 99 13.557 25.5
500 — 1000m’ 14 169 73 9.833 18.5
lessthan500m® 50 60.2 100 0.448 17.8

total 83 100.0 400 53.114 1000
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Forestry in North-easternltaly has some opportuniies and weanessesthat coud be
resume in table 1.1.3f.

Tabe 1.1.3.f: Swotanalysisof foresty sector,orderal by importance (PSR2007)

Strength Weakness

High potental developingwood-energychain Badstructuralcondtions of forestenterpises

Environmendl andsodal senices Abandomentof activefores managment

Increasirg wood stockandproduction Small ard scatteedforestproperties

Very high quality timber from vocatedareas No dialog between ocalwood productionand
industres

Historical sylvicultural tradtion Problemsof integration and poor tendencyin
promoting asodations

Generaloodforesthealth Fewmanagerantin privateforests
Old wood sdling procedues (auctions) brake
forestwork continuity

Trying to solveforestryproblemsis a future issue for politicians becausetheyshoud seize
the opportunties that sectoroffers andovercone limitationsderiving by the Europeanand
internatonal market.Somestrategiescouldbe:

a. promote wood stocksvalue as a naural cepital for exanple providing money for
cuttings in steep terrainswere standingprices makenot econonicaly feasble forest
operatons.

b. promote spedfic productsas wood biomass for heating or industrid (mdf-panels)
purposes, comingboth from forestand from savmill by-products(PETTENELLA et al.
2004). This is possible providing money for new equipmentsor promotirg the
instalation of heatingdistricts or private small-medium boilers. In Trerto province,
specific energy officeswereestablished.

c. promote high quality wood or assortmats for spedfic use (as wood for historica
buildings) or promote forest certification standads both in wood-chan and in
sustanableforestmaragemen{Secco andBRUNORI 2005).

d. promotenew technologiego increasgrodudivity, modfy working site andtranspaot
logistics, introducenew mamgementforms (large manag@ment planning, road-network
planning, new kind of contracts,etc...). During period 20002006 all three regions
provided funds for buying new machinesup to 40% of purdasirg price (figure
1.1.3g.), in Trenb up to 50%only if the enterprisewaslessthan oneyearold or if the
new madine wasonethefirsts (accordingo the new technobgy) inside thearea.
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Enterprises who asked for regional funds Share of price covered by regional funds

o Yes

= No 8% 8%

8%

14%

0 40%
B 45%
0 50%
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86% 76%

Figure 1.1.3.g:shareof enterprsesaskingfor regional fundsin Venetoand share of
buying price providedwith funds

e. improve “commercialdialog” betweenwood indudry andlocal sawmills introducing
new technologiesjayoutsandservicegsawn products,steaning, producs on demaual)

f. give a value to environmerdl and ecologicd, socid and tourist public services
provided by sustainablananagementf foreds, shrubsand mealows (PETTENELLA
2007; PETTENELLA and CICCARESE 2007).

1.1.4. Forest work

In the North-easterrpart of Italy it is egimated that there are 350 foresternterpiises with
ore thousard stablepeopleworking. Other workers bdonging to Public Administratiors
(Sewizio Forede in Provincia Autonomadi Trento, Servzi Forestali Regonali e Veneto
Agricoltura in Veneto Region, Sevizio per la Sdvicoltura e Antincendio Boschvo in
Friuli-Venezia Giulia Regior) make alo sylvicultural cuttings or other environmental
activities mostly connectedo wildfires hazard.

Forest enterpises are typically indepenénts and belorging to the handcrafters cate@ry.
Less frequentare societiesor asseiations oneexanple is the Co.GeFor founded in 1990
by 13 enterpgrisesandnow counting 55 partners of which takepartforest enteprises(which
are cutting logs, firewood, selling and importing wood) ard sawmills. This collabogition
lead to openthe areaof interestand the market possihilities just by sharing machine or
working together (AzzALINI 2004, PETTENELLA et al. 2004. As shown in figure 1.1.4.a
enterprsesare very often working togethe, but they do not want to make associatiog,
maybefor prodemsof leadinganddecison making. Including private forestowness, in the
pag years9 forestassociationgvere createdin Veneo region. They count 270 menbers
(254 areprivates) butthe averageanana@dforestareais limitedto 300ha (PSR2007).

As an averagethe sharebetweenempbyersard workersis 1 to 2.5, and the number of
workersvary from 3 to 5 (figure 1.1.4.b).Many parttime workers (50% on the total) are
recruitedwhen needed;50% of them comesfrom new regionsincludedin the European
Union or from the Easterncountries (figure 1.1.4.c). In Veneto, Friuli and Trenb,
Romanianforestworkersarevery common becawseit is asumal theyare tougherin forest
operationsandit is easierto talk with becaise of the commm Romarce language origin
(AzzALINI 2004).
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Figurel.1.4a:thepossibilityfor forestenterprigsof working together
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Figure 1.1.4.a: share of parttime ard
full-time workers

Figure 1.1.4b: parttime workers nationa
litiesandduratian of work

(daa on the graphs have beengatheredduring a resardy comparing fored erterprises
workingin VenetoandTrentinoregions(LUBELLO et al. 2007))

Though the cost of work increasedmore than the wood vaue, the minimum level of
salaresis on line with Nationalagreementgtable 1.14.a).It is commonindeed to be paid

by daily production insteadof working hours

Tabe 1.14.a:Nationalminimum net salaies for workers andforest enterprises grosscosts

(in parerthess) (UNCEM 2006; CARBONE 2007, modifi ed)

Empoyees worker Workers(full-time) Workers (parttime)
grace  €/month level €/month €/hour
6° 152416 - - -
5° 132737 |superspecialeed 1278.14(2525.19) 1379.45(2424.49)
- teamchief 1358.99(2683.36) -
4° 122124 |specialized 1211.09(2370.38) 1306.76(2277.07)
- teamchief 1286.96(2518.81) -
3° 114741 |superqualified 1167.06(2268.68) 1253.84(2179.87)
2° 108219 |qualified 1142.53(2212.12) 123.29(2126.01)
1° 100060 |normal 1065.50(2034.25) 1147.82(1954.8)

To berecruited,foreign workersgo directly to the employe or workersstill assumedre
askel searchig for othersby thar employer.It is also commonthat the employer goes
abroadsearching for workers.Before startingan enterprise, people usudly work in other

22




enterprgesor in sawmill to learn and train themséves. Employeas usualy learnthrough
instructions of older colleagueddirectly on the ground only few of themfollow learning
courses(figure 1.1.4.c). Practicalteachingcoursesare organizedin North-esstein regions
by the ForestSewice (in Trento,addes®d periodially both to workersandtedniciansat
differentlevels),by sortof forestschoos (the Cedam in Paluzz, Friuli-VeneziaGiulia) or
directly by the regionasin Veneto.

In Trentoprovincethe numberof coursesncreaseead yea (tade 1.1.4b) andit is strictly
conrecked to a licensethat all forest ertrepreneur mug hawe. More than 60% of forest
employers go to fairs or takeparticipationto technical demamstration days organzed by the
university or theregion (figure 1.14.d).

Tabe 1.1.4.b numbe of technicalcourse attendedin Trerto province (Pozzo 2007

Y ear BIBIBIB I8 BIINININ|I NI NI d

8188188888888 8|8| 0

OO | N|O®|O| O P|IN|Q|B|OCO| S —

Courses 2 3 7 5 9 10 |9 10 (12 |12 |13 |17 |23 | 132

Participarts | 8 11 |35 |45 |90 (84 |56 |65 (81 |68 |79 |120| 154 | 896
Forest workers attending courses Participation to demonstrative days

@ No

| Veneto Agricoltura
O Stihl

O Forestry 2004 PD
| Fiera di Monaco

O Austria

| Yes, not defined

@no 14%
mYes

21%

37%

7%
7%

7% 21%

79%
Figure 1.1.4.c: share of forest| Figure 1.1.4.d Participation to demonstratn
workers participating to learning| daysandtypologies

COurses

Taking care of workers safetyis variable depexding on the employersensbility. Forest
machinesare certified with mostrecentEuropearrulesandin maost enterpriseghereis a
documert evaluatingrisks and preventingacadents. Sonetimesthis document is writtenin
foreign languages to becomprehensibléy all workers.

1.1.4.1 Known problems

Speakingwith entrepreneurspne of the biggest problem is the finding of qualified
workforce. More and more they recruit foreigners young Italians do not like working on
forestbecase it is usually parttime and earnings are nat proportiored to hard working
placeconditions.

An other difficulty is to gain enoughmoneyto pay back investmerns for buying new
machines.Everybody considersas a necessity the introdudion of new machinery and
technobgy to improve processesand productivities and everybady knows that there are
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spedfic regioral funds. The problemis that retrieving those investnents will take more
time thanthe expectedeconomicmachnes life, eva more if condderingtheir limited use.
The complexity of planningforestactivities may lead enterprises to leave regioral funds
unused.

An otherwegk of the systemis not only the quantity, but the qudity of road network. Some
old roadswerebuilt excavatingon the up-hill side and moving the terrain on the slope, but
trailersandloadsincreasea lot so that road pavement is to light to supportthe weight. A
construdion problemis dueto the width (someéimes they are too narrow), the slope (too
steep) and switch-backs radius that were studed for trucks loadng 4 m log. Today
sawmills usuallyaskfor longer(8 or 12 m) logs butit is not possibleto transport them.
About 60% of forestenterprisesthink that road nework is not adequate(figure 1.1.4.1.a)
but who gavenegative answeris enterng deeer inside the forest (figure 1.1.4.1b). This
dependon the owned machinesactudly a winch on tractornee¢ more roadsthan cable
cranes

Comparing working distances from roads

1400

Are forest roads enough? ® Enough roads, best
9 z 1200 1 @ condition
; 1000 - [ ] Qo A Enough roads, worst
43%| S condition
= 800
£ ® Answer NO © More roads! best
57% % 600 condition
2 400 Answer YES \O A More roads! worst
% condition
@ Yes, they are enough B No, more are needed k% \ o
! & S 200 4 ) ’ ° A 2 ° Lineare (Enough roads,
ol A, A ’ A A A A A, | best condition)
0 5 10 15 |=—Lineare (More roads!best
condition)
enterprise

Figure 1.1.4.1a about60% | Figure 1.1.41.b maximumdistancereachd by working
of enteprereus think road| sites. Who works near road (maybe with tractor and
networkis notadequate winch) think that networkis adequate

The aacess in coppice forestsis more difficult than in standing forests. Municipalities,
which usually own coppices are not interestedin improving road network becaue of the
low value of thoseforests,sothey are abandoed ard firewoodis boughtfrom the Easem

Eurgpe By law, coppiceforestsmaybe cut only in wintertime, so enteprises can work all

the year (stending forestsare cut in springandsumner time). Nevathelesshereare some
that arespecializedin logs productionand others in firewood produdion (figure1.1.4.1.9.

Firewood may be sold as big piecesof 2 m lengh, or cut in chopsard storedon 1 ton
pallets: prices actually vary from and averageof 90 to 130 euroston (figure 1.14.1d).

Someonas alsoselling 2 m firewoodat roadside (60 euros/ton).
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Share of logs and firewood Comparing best and worst firewood selling prices
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Figure 1.1.4.1.c:enterprisesare specialied | Figure 1.1.4.1d: firewood prices deperl
in cuttingfirewoodor logs.Somedo both. | on the piece size. Chops require more

work sopriceis higher

The last problemis the complicateand bureaicratic sydem of auctions (figure 1.1.4.1.e)
andthe time conrsumingsystemof measuringand verifying logs before sdling them.The
marketis moredynamic andcannotwait time for local productsIf theydon’t comejust in
time, sawmills will searchfor wood abroadandfor bette offers for example spucefrom
Austriamaycomein few daysin all assonnerts theyneed.

Judgement on forest auctions Judgement and number of auctions

15

B Negative

@ positive

B Positive

M| negative

53

enterprises

0 2 3 5 10 40

auctions/enterprise (n.)

Figurel.1.41.e:judgemenbn forestauctonsefficiency

1.1.4.2 Irregular work

In some caseswork in forestenterprisesould be undeclared, workersare often relatives
andwithout training and professionakducation Also low techrological level leadto high
harvestingcostsand makedomestictimbernat competitive (AA.VV., 2004).

Cutting operationsin coppiceforestsusudly require lower qualification thanin standiry
forests(HipPouTI and PIEGAI 2000 so, especiallyon private properties may be doneby
peope with no skill andinadequateools, workersbad paid for high working rhythmsand
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on an irregular positionaccading to law. Only on public propertiesit is required that the
employer signsa paperin which declaesthe respged of national ruleson working matter,
but thereis anyoffice thatverifiesthetruth (PETTENELLA and SEcco 2004).

The hidden work, with no respectof safetyrules createa situation of modfied market
where*good” entepriseswill loose.In fact workerswill beless pad, but noneinsurance
will coverthemwith hard consequencesn sodety if sanethingwould hagen (illnessor
accidents).

The Italian statisticresearcloffice measurd the number of regular workersin relationto
all working units (theoreticalnumber) and made some indexes (ISTAT 2003b). Data
conside the whole sectorof Agriculture, Hunting and Foresty, showingthat while the
occupaibn deaeased,the numberof irregular workers incressed of abou 10% (figure
1.1.4.2.9. Therateof irregularsvary from regionto regionand from north to southof Italy,
from a maximum of 50%in Calabra to aminimum of 18.6%in Toscana(table 1.1.4.2a).

Position of workers in agriculture and forestry

e

workers (n. x1000)

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
year

‘ Emm regular @ irregular —— irregular % ‘

Figurel.1.42.a:the work in agriaulture, hunting and foresty (ISTAT 2003b)

Tabe 1.1.4.2.a: Working units, irregular workersand irregular rates in agiculture by area
in ltaly (year2001).

Workingunits  Irregulars rate  Irregularsonthenationd economy
n. (x1000) n.(x1000) % %
North-west 2132 447 21,0 5,7
North-east 292,8 75,6 25,8 12,7
Middle 1774 48,9 27,6 6,6
South 6720 278,7 41,5 18,3
Italy 1355,4 4479 33,0 12,3
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1.1.5. Forest mechanization

In the North-easterrpartof Italy, forestoperations areinfluencedby specific conditions of
Alpine forests particularlysteepslopeterrains.

Felling, delimbing and bucking are doneat felling site while skidding opeations may be
performed throudh off-roadmachineg80%) or cablesystems(20%). This is alsoknown as
Shat Wood System (SWS) or Cut-to-Lengh (CTL) sydem. Fdling and delimbing
operationsare usedto be donewith chainsav, while skidding dependson the steep slope
and the presenceof adequateroad infragructues. Off-road machines are mostly
represated by 4WD (80-85%) or trucked(15-20%) tractorswith winch. Winchesmay be
fixed (40%) or not (60%) andnew modelsareequigpedwith remotecortrol. Calde systems
aredividedin fixed (sledgeyarders)and mobile (tower on tractor or trailer) in a proportion
of 1:1 or 3:2 which variesin relation to the working site condtions andthe distanceghat
will bereached CAvALLI 2004).

In the lag years,other working systemshave beendevdoped one is felling and partial
delimhing at felling site, thenskidding ard fi nishing procesing at roadside (this is usually
calledFull Treecombinedwith Cut-to-Lengh, FT-CTL); the otheris the Full Treesysem
(FT) wheretreesarecut andskiddedto roadsidewheretheyare processal. Thesesystems
requirethe useof anexcavatomountedor a carried proes®r thatmakesall delimbingand
bucking opeatiors. It is estimatedhat 12 procesorsareworking on the study area(figure
1.1.5.a) five arecarriedon a tractor,six areexcavaor mourted (bothwheded andtrucked
andoneis on a truck coupledwith atower (figure 1.1.5.b) of a mabile cablecrane(the so
called Gebrgshaveste). The nunmber of thosesydems is growing rapidly and probably it
will continue becawseworkersareglad of it andprocesing at road sidewill be moreusua
wherethe sizeof roadsandthedimensionof piling siteswill allow it.

High forest mechanization in N-E Italy
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Figure 1.1.5.a: numberof machineswvorking (ZuccoLl Figﬁrel.1.5.b:geb’rgharve$er
BERGOMI 2006)
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Although motor manualfelling is the mog commonfelling method both in the coniferous

andthe broadleavedorests,in Italy therearealso few contradors working with harvester
and forwarders: SPINELLI (2004) relakes that in Italy there are totally 44 havesers

including in thatnunmber alsoexcawatas with an harveger headand procesors.According

to CAVALLI (2004), in the North-easternltaly there are 6 harvesers and 4 forwarders
working. Harveste are wheeled(4 of them),trucked and hybrid (wheek and legs). These
machnesareeconomicallycompetitivewhenworking with high yields and smalkmedum

sized logs. Wheded harvestermay work on steepslope terrains up to 40% while the
truckedone, which the cabin hasan autaleveling system,up to 60% and the hybrid one
reactes100%and more (CAVALLI and ZuccoLl BERGOMI 2006).

Thinnings in coniferous high forest are done only when there is some European or

governmetal fund for forestry improvemen. Actually thinnings are unecmomical
operations becausethe manpoweris too costly so some ertrepreneurs use processcs

mountedon the tractorto processtreesat roadsde (CAVALLI and ZuccoLl BERGoM 2005).

Thinningswith harvestemrevery rare (EMER 20(B) even if recentstudiesconfirm thatit is

cheapetthan the traditional methal (8 €/m® against25 €/m* usingchairsaw)SPINELLI and

STAMPFER 2002;CAVALLI and ZuccoLl BERGomI 2006).

Two of the four forwardersare working togetherwith harvestas. The intereston themis

fastgrowingbecaseof their high productvities and the possbili ty of introduce themeven
on systemgartially hardmechaniseavherethey areusedinsteal of tractorand trailer.

1.1.6. Forest roads

Roadsarea vital componenof civilization. They provide acces for pe@le to study, enjoy,
and commune with forestedwildlands,to extrad an array of reourcesfrom natual and
modified ecasystems Roadshawe well-documerted, short- and long-term effects on the
environmentthat have becomehighly controversid, becaug of the value scciety now
placeson unroadedvildlandsandbecaus of wildernessconfli cts with resouce extraction
When planning roadsshouldbe identifies links among processes and effects that suggest
bath potertial compatible usesand potental problems and risks. The delate on their
positive and negative aspectsis wide ard concernsnot only Italy (BALocco 1994
LAURENT et al. 1996; MARCHI and SPINELLI 199; BENGSTON ard FAN 1999 BORTOLI
2001). Roadsissuesand road scienceusually canna be effedively semratedfrom the
spedfic ecobgic, econanic, social,and puldic lands mangemen contextsin which roads
exist or areproposed(Gucinski et al. 2001)

Across a forest or river basin, the access neals ewnomric dependencies, landscape
sendivities, downstreambeneficial uses of water, and so on can be reasorably well
defined,but theserelationstendto differ grealy from place to place. An effective syrthesis
of roadisstesdrawslocal expertstogethe to thorowghly evaluateroad andaccesdenefits,
prodems andrisks,andto inform mamges abou wha roads may be needed, for how long,
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for what purposesandat whatbenefitsand coststo the agency andsodety (PozzATi 1979,
HippoLITIet al. 1997;CiELO and GOTTERO 2004).

Roadeffectsandusesmaybe somewhatrbitrarily dividedinto bendicial anddetimertal.
The largest group of beneficial variablesrelaesto acess (TUFTS et al. 1988 HiPPOLITI
1988, 1989 and 2003; KELLOG et al. 1996 and 1996 LANFORD and STOKES 1996
GREULICH 1997, WIEST 1998). Accessrelated benefits may be identified as hanest of
timber andspecialforestproducts grazing mining, recreation, fire cortrol (CALVANI et al.
1999; Bovio 2001) land managementresearchand monitoring, acess to private
inholdings, restoation (CHIRICI et al. 2003) local community critical needs, subsigence,
and the cultural value of the roads them&lves Nonaccesrelated benefitsinclude edge
habtat, fire breaks,absenceof economicalternaives for land management,and jobs
asseaiatedwith building andmaintainirg theroads.

Undesirable consequencesiclude adverseeffeds on hydrdogy and geonorphic features
(such as debris slides and sedimentatior)VEMPLE et al. 1996; FURNISS et al. 1997;
GuBIANI 2004), habitat fragmentaion (ReeD et al. 1996; FORMAN et al. 1997) predation,
road kill, invasion by exotic species,dispersal of pathogens degraded water qudity
(GRAYSON et al. 1993)andchemial contaminationdegraed aquaic habitd (ALEXANDER
andHANSEN 1986; CorN and BURY 1989; WELSH 199), useconflicts, destrictive human
actions (for exampletrashdumping,illega hunting, fires), log sditude, depres®d local
economes, loss of soil productivity, and dedine in biodiversity (HEywoob and WATSON
1995; FORMAN andHERSPERGERL996)

1.1.6.1. Roads classification

When speaking of forestroadsit is necessay to understad that thereis not only one
classification, butit depend®on the propety of theroad, on the areas it cross and save, on
the accessegulation(with or without permission).
From a juridical point of view, roads are dividedin public ard private roads.The main
Nationalrulesare:

- L. n.224820/3/185 on “public works”

- Decrdo luogotenaziale n. 1446 1/9/1918 on “constituion of public Consortia for

building androad maintenance”

- L. n.12612/2/198 on “classficationandmainteranceof roads”

- D. Lgs.N. 285 30/4/1992modifiedby L. 214 1/8/2003 thenew*“road codex”
Pubic roadshavepublic interestandaaes. If the propety is aso public (Stak, Region
Province or Municipality) theyareincludedin the socalled“Demaniostradak”, if theyare
privatesthey arecalled“stradevicinali” (proximity roads).In this casethe Municipality has
the right of useandit has competenceon the police parol. The roads includedin the
“Demanio stradale”are classifed, that meansthey are recordedin public databasegLA
RoccA 1996). Datataseof proximity roadsis not compulsay.
ThenewRoadCodexclassifiesroadshy atechncd andfunctiond criterion:
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A —highways

B — prindpal rural roads

C —secondaryural roads (almosttwo sides)

D — urban roads (high speedl

E — urban district roads

—local roads rural or urbannotincludedbefore

Fb — hike and bike roads
Roadsincludedin lettersB, C andF, links cities ard townseachotheas andare alsocalled
National, Regional, Provincial or Municipality-roads The maintenance of proximity
roads (if privatebut with public aacess)is partially paid by the municipdity (from 20%to
50%).
Privateroadsmaybe dividedin:
farmroadswhentheyareinsideafarm and theyare usedonly for internalactivities
proximity roads that are ownedby peopleliving near the road and who contributed with
moneyfor their building. Ownersmaybe associatedin Consortia
municipalty roadsownedby the town. They are usually closel to access but they canbe
subjectedto civic rightsasforestsare.
Whentalking of aruralforestroadnetworkit meaisa groupof rurd roadsdriven by maotor
vehicles and used as main purpose to maragerural aress, pastuesor forests If they are
usedmostly with forest purpasesor they lie inside forest, they are called forest roack.
Similarly, if they areusedonly for agriculturethey are cdled rural roads or pastureroacs
whenusel asaccessn reating mountainpastures(figure 1.1.6.1.&

ROADS

Rural-forest ROADS

Pasture | [RUI
road

Figure 1.1.6.1.a: classificaion schemeon road fundion bags (IPLA 2001; CIELO et al.
2003)

Forestroads may have other functions than the man one providing access for exanple
they are alsoclassifiedas:
touristroadswhenthey crossprotectedareasor protection forests
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wildland fires protectionroadswhenthey arebuilt to provideacces of fire-fighting teams
or of watertanksor to cut the continuity of wood (fir e breakg

wood transpat andstoring(piling sites)

Consideringthe building structure, roadsmay be essertially divided in threetypes: truck

roads, tractor roads and skidtrails. They can be also divided in nativesoil suface or

aggregat surface Native-soil surfacingcanbe usedwhenharestoperationsare conducted
during the dry season.Howe\er, road ope&atiors in the wet seaon requre aggegate
surfacing (crushedrock) to increasethe strength of the forest road surfaceto suppat

vehicle traffic (AKAY and SEssION 2004). The gereral classificationin tracior and truck
roads corcerns the width of the road section and other geomérical paranetes (table
11.6.1.9

Tale 1.1.6.1a: forestroadclassificationon geometrial paraneters(IPLA 2001)

: Principal Truck Tractor Skid
Attribute Truck .
roads roads trails
roads
Roadbedwidth
(Roadwidth + base coursg* (m) > 4 3 3
Roadwidth in astraightline 35 3 25 2,5(2,2)
(m) ) ] ] H
Minimumcurve radus(m) 9 6 5 5(4)
Optimal slope (%) 3-8
Maximumaverageslope(%) 10 15 15 15
Maximumslope
on shortsectons™ (%) 15 20 25 25
Maximumsurface rundf (%) 10 15 15 15
Truck andtrailers
Semitrailers Trucks .
Typeof vehicle Trucks Vehicles2WD ng:gzziwg Vehicles4AWD
ableto drive through Vehicles2WD Vehicles4WD Tractors Tractors
VehiclesAWD Tradors
Tractors
* 1 m shauld be addedto roadsif they have a ditch on the uphill side or afill -slope on

thedownthill.
** A shortsectio is lessthan 50 m. If there are mary steepslope sed¢ionson the road,
theyshouldnot be morethan20%on thetotal length

As an examge, the Trentino Regional rule n. 12/200 classfies forest roads into two

categyories:

A —forestroadswith accespurposesonly forest workersor fores enterprses are allowed
to enter. Skidtrais areincludedin this category.

B — all roads with mixedfunction (rurd-, pasture and foreg roadg. Only privateowners or
inhabitantswho have civil rights can drive through. Other people neal a specia
permissiontha can be obtainedby askng the owner or the mana@r of the road
(municipality or consortium)

31



The Regioral databaseinclude a third categoy, the L that are junction roads (figure
1.1.6.1.b)with forestinterest(seealsofigure 1.1.6.1a).
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1.1.6.2. Roads, sylviculture and forest mechanization

The traffic needs are connectedto the typology, frequeicy, ecanomics and level of
mechaniation usedin foreg or rural manggemei: the environment condtions and the
intensty of forestcuttingshavehigh influence on the needsof accessbility. Forestswith
high fertility andyoungtreesor coppiceforeds requirea goad accessibility becausetutting
will befrequent(every10-15 years).High standing foreds with low yields or sitedin high
mountan may require lower road density, while protedion forests may also be un-
reachable.

The position andthe spacebetweerroadsis to be defined in relation to the technical limits
and the maximum skidding distanceof systens used in forest opeitiors. When small
cuttingsareplanred (10-20 m*ha) andonly walking peoplewill enterthe forest, roads may
be moredistant Whenskiddingoperationsare donewith machines, it shoud be consideed
that thereis an optimal working distance(PiIcMAN et al. 2001) if it is overcomeworking
becane first more difficult and expersive than techicdly un-feasble (HipPoLITI and
PIEGAI 2000; CIELO €t al. 2003. For example,tractorscanwork form 50 to 200m far from
road, insteadof cable systemsthat are econamical till to 1000 m if logs are big. Before
plaming or building a new road network it is important to know the range of using
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different machinesconsideringthe slope logs and making approxmationsto simplify the
choice.

On flat terrain (slope < 25%) tractors and skidders can work even outside roads or

skidtral s without any problemof tractionandstability. Theywerethe mos prodictive and
cheapsystembefore the introduction of the forwarder. When skidding uphill from far
distanes,tractas mayrequirea limitation on heavylogs (not morethan 200 m). Firewood
or smalllogs maybe loggedon trailer or inside specific mountednests. Theuse of winchis

commonwhen skidding heavylogs. Off-road movementcould be limited on prescribed
skidtrals if there are soft terrains or wet areas. On these gentle slopesonly terrain

roughnessmay obstructthe machinesmovement.

On gentle slopes (from 26 to 50%) building new roads is easyand off-road systemsare
more conmon thancablesystemsFor the problemof traction, skiddersmaywork only on
downhill direction andover 35% of slope only trucked machinesdo it. Tractor with winch

canreach not more than 50-100 meters(figure 1.1.62.a) but cablesysens hawe higher
productivity on far distancesand cancarry heavier logs. Whenterrain roughnesss high,
tractors movemert is not possible but can be used high-densty polyethylene slides
(firewoodor small logs).

On steep slopes (morethan50%) andon youngforeds, skidding downhill is only possble

within 100 m. Skiddinguphill with mobile cable cranes may be economically feasibk until

300-400m (figure 1.1.6.2b). Whenworking inside high standing foreststhe sledgeyarder
systemallow to skid logs up to 1000 m, but it is importart tha the yield will be
proportional to thelengthof theline to mantain low cods.

SOEBIGE COPPICE
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Figure 1.16.2.a forest systemsused on | Figure 1.16.2.hh forest systemsusedon
gentle slopeterrains steepterrains
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Figure 1.1.6.2c: a simpletableresumingthe maxinum distance from road for diff erent
systems.

Actually the forestroadgeametrical paranetes (maxmum slope, width, curve radius) are
inadequateto the new technologies.More or less every 1520 years, new building
paraméersshoud bedefined.As happend in the pag, new plantationhave beendore after
the se@nd world war, but they built small path thinking that mules or horeeswould hawe
beenused in future operationsyplantationsneead long time to be read/ for cuttingsand
now thesetracksare too narrowevenfor the smadlest tractor, so they areinadequate even
beforeto be used Roadsbuilt on late Seveities have a 2.2 m width that dependon the
width that had the front excavatorblade.Roadsof that size could not be drive by heavy
trucks, nowadaysndispensabldor civil, hydraulic engneering, and wood transpotation
The width wassizedto machinesand techniquesof thattimes building biggerroads would
havecosttoo much.Today excavatorshaveat leasta width of 3 m.

Flgurel 1.62.d: aukedexcavatonpenlnga new'roadon agertle slopeforest
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Fig e 1.162.e g distribution on Figure 1.1.62.f: pavement crushing and
roadbed compacting (BorToLl 2001)

Analyzing the teclmology developmenhit is possible to observetha machinesbecane
bigger(width size,netweightandgrossallowalle load),increaetheir allity to move even
on steepterrainsandincreaseaheir stability thanks to auto-levelling systemsilt is estmated
for the next future that 50-55% of terrain will be reathable by off-road systems(maybe
moreif corsidering high level mechaniation as the haveder-forwarde chain) so needsof
forest accesswill change(CieLo et al. 2003): forest roads will require highe bearing
capaity (new building techniquesntroduwce the use of geotextiley, wide sizesand more
spae for piling wood or install cablesystems With theincreasng technolog, the distance
betweerroad could bewider andsotheir densitylower.

Theroad density is anindexthatexpres the length of roadsin relationto the area(m/ha).
This paraneter can be usedthe acces service given by roadson big sized area:. for
exampk it can be calculatedfor a valley, a regionor a State.The road network variesalso
dependingon the yield of forests.In the mostproductive apine forests the optimal value
variesfrom 25 to 35 m of forestroad pe hectare (CoLp! et al., 1999). Inside productive
forestslying on gentlesoils the valuemay increaseup to 50 m/ha On plain areasractoss
areableto move off-roador ontenporary skidtrails, sothe valuedeaeaseto 10-15 m/ha.

In the Piemonte region the ruratforeg road index is between 5 and 20 m/ha At the
beginning of the Nineties, forestryroads in Trernto province where albout 27 m/ha (PAT
1991), while in Austria (in 1987)therewere 40 m/haiside productive high forestsand 7
m/ha inside protedion forests(TREzsNIOwWsKI 1990). In Venetoand Friuli-VeneziaGiulia
region the averagevalue is near 14 m/ha (CAvALLI 2004). This numbes are not
represatative for the acces®f a singlestand and the distribuion of roadsis not rational if
conreciedto forest. Thedifferencedependon the geogaphy: Trentohas al forestslying on
mountan, steepterrains,while in VenetoandFriuli foreds grow also on hills sothe index
is lower becawse the accesss easier.Howewer the road nework is less densethan the
optimal valuesrequredin suchtypical fores areagBoRrTOLI 2001).
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1.1.6.3. National and Regional laws

Therulesconnectedto planningandbuilding rural and forest roadsis quiteintricate Some
rules on buildings or civil engineeringsametimeshave instructons or deseibe particdar
proceduresconcerning forest roads. Rules may be groupedlogicdly, starting from the
choice of building site, the planningandthe building operatons:

- ruleson the soil use,planningandenvironment protection

- building andtechnicalcharacteristics

- ruleson public works

- ruleson safetyinsideworking sites
About regional administraitve and legidative conpetences (soil and environmentuse,
urban, environmenth goods, etc...) sanetimesthere are important differenceseven if
regionalrulesfollow nationalprinciples(PosTIGLIONE and TROIANI 2001).
Nextfollow the list of valid rules:
National rules:
General rules:

L. 11501942, urbanlaw

D.P.R. 164/1%6, rulesonworking safetyduring excavationandbuilding foundatio

D. Lgs.626/194, actuationof CEE ruleson safety and wellnessof workers

D. Lgs.242/196, moreabait 626/94

D. Lgs. 4941996, actuationof 92/57/CEEon safdy and wellness in tempoary and

mobile working sites

D. Lgs.528/199, moreabaut 49406

L. 10/1977,sdl classfication and building rules

L. 109/1994(L. Merloni), law on public works

D.M. 145/200,generalkontractspecificatons

D.P.R. 380/2®1, UniqueTexton civil buildings

L. 166/2002 transportand infrastructures

D. Lgs.227/2®1,innovationandguideines for foredry sedor
Classification of roads:

L. 2248/186&, law on public works. Attached F: public roads classification andlaws

D. luogotenenziale 1446/1918, managng ard building roads by group of users

(Consortium)

L. 126/1958 pubic roadclassificationrandmaintenarce substituedby

D. Lgs.285/192, roadrules

L. 214/2003 conversionin law of “decreto”27jun03 the RoadCodex
Environmenal laws

R.D. 1497/1®9, naturalbeautiegprotection

L. 394/1991 law on protectedareas

D.P.R. 357/197, protectedareas

D. Lgs.490/199, UniqueTexton culturd and environmental goods

“Direttiva Habitat” and Natura 2000 net, protectel sitesas in DGR 448/2003 and

44910/20@ basedbn DPR35711/1997

“Direttiva Uccelli” (birds),L. 157/1992updatedwith L. 221/2002
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Technical laws:

D.M. LL.PP.11 mar. 1988, technicalrules on terrains rocks and slopesfor desgning,
executing andtesing support walls andbuildings foundation works
D.M. LL.PP.4 may1990,technicalrulesfor desgning, building andtestirg bridges
Circ. Min. LL.PP.34233/191,technicalcodes for bridge building
D.M. LL.PP.9jan. 1996,technicalrules for desgning,building and teging concrée and
steelstrucures
D.M. LL. PP.5 nov. 2001,technicalandgeomdrical rulesfor road building
Regional rules:
Veneto region:
L.R.52/1978 forestregionallaw
L.R.:forestmanagenentpolicerules(*Presaizioni di massmadi polizia foregale”)
L.R. 14/1992 rural-forestroadsrules
L.R.5/2000,articlen. 9
“Deliberazione 152/20®, att.n. 4
Trento province:
L.P.30/1977 fire-fighting
L.P.48/1978 foresty sectorandresourcegrowth
L.P.11/2007 governmemof forestsandmountaingrivers andprotected areas
Friuli-Venezia Giulia region:
L.R.91/1981 classificationandmainteranceof pulic roads
L.R. 6/1982,buildingandmaintainingforestroads
L.R.34/1984 rulesfor designingforestroads
L.R.22/1985,roadsregionalplan
L.R. 15/1991,motor vehicleaccessulesfor roads in protected areas
L.R. 20/20® (art 1) and D.P.R. 32/2003,foresty rules for soils with hydrologica
problems
L.R. 14/2002(art. 51 andrules)
Environmertal rulesfor changinghe useof soils
L.R.9/2007,ruleson forestresairces

When building a new road or when extramairtenance is needed authorization shaild be
askel as prescribedoy lawson the hydrogedogicd and environnental bord, or, if thework
is held by privates,the grantconstructim is necesary. The ordinary maintearce does not
requireanypermission.

1.1.6.4. Planning and building projects

Trentino

The ForestServicein Trentoprovincehasto makea planto preventforeg wildfires (figure
1.1.6.4.9. Inside the plan forestsare classified acording to their burning risk. All the
managemenrdndbuilding of infrastructuresboth for preventing and for the activefight, are
in chage of the Province. So,evenall roadsthat are plannedinside high risk areasor which
have the forest fires function are built with public money. The project of all the other
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function roacs maybe doneby private forestersconsutart, butthey haveto be appiovedby
the forestsenice.
The project usually musthavea gereral mgp (scale 1:50000)that shows how the road is
locatedon the environmentandif it hassome limitationsdue to otherurbanor teritorial
plaming. Then there are a more detailel plan with the road track (1:1000) and a
longitudinal profile thatshowsthe averag slope andsectiors of excavation or filling. More
detailed transvesal sectionswith the evduation of grourd or rock cubic metersto be
excavaedaredravn in a1:200scale(figure 1.1.6.4.b)
: =7 7

'SEZIONE N.9

5. 2.8 - 0 - ml 1570

Figurel.1.64.b:thedetailedprojectof road trackandprofiles

Veneto region
In Venetoregion all the roadsare projeded by professioral foreders exceptin somecase
whentheroadis insidearegionalor naiond park(figure 1.1.6.4.¢. In thatcase, theroadis
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plamedby regional fored servicesBefore building it is usudly necesay to askfor agrant
construdbn the municipality and also ask for an authoriation to regioral forest services
andthe parkcourcil if it is insidea protectedarea. If thelengthis more than10 km or the
road lieson a SIC area,it is also requesed to write an envronmert impact evaluation
(VIncA) that will be judged by a regional commisson. The mog importantthing when
building a road inside a protectedareais also to make a work well integrate to the
environmentusing preferablymaterialfound on the place (figure 1.1.6.4.d). The project
shoud includeall mapsandevaluationof volumesasin Trento province(figure1.1.64.e).

Figure 1.1.6.4.c: the working site | Figure 1.1.6.4d: the same road two yeas after
of aroadbuilt inside“ParcoColli | construction Spontaneousvegetationhas well re-
Eugan& (Padva) with wildfire | colonizedroadhedges.

preventon purpce

Figure1.1.64.e:projectandquotedprfile n.5 (MARTELLO 2005)
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Friuli-Venezia Giulia region

In Friuli-Venezia Giulia it's similar to the Veneto situation, but there are someforesters
moretrainedin plaming roadsandusingmorepowerfu instruments For exampletheyuse
a laserto measureadistancesand angles ard data are stared on a small portablecomputer
(figure 1.1.6.4f). At homethe dataaredownloadedon a pc andthrougha specifc software
it is possible to draw the terrain profile and choose which is the best locationfor building
the road. Automatically also the genera plan is dravn and longitudinal and transveral
profiles with the estmation of groundvolumes(figure1.16.4.g). This is a very powerful
instrumentbecauset is possibleto optimize the volumes redudng envirormental impads
andcosts.It is also possibleto insertwalls and dranage systemsto preventthe movenent

of sediments.

phaseasit appeaon the computerscreen

Figuré 1.1.6.4.f the instruments(lserand palm) used during survey and the planning
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Figurel.1.64.g sectionof a projectwith correspondng profiles (SoLARI 2005)
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The projectof a new road hasto follow a quite intricateprocedure beforeto be appioved
(figure 1.1.6.4h). All authorizationare usudly obtained in a time tha varies from 3 to 5
monthsdependng on the sizeof thework (if morethan10km or it is insideprote¢ed areas
it requireVIA or VIncA). Usually professionalconsultants earn money in proportionwith
the total cost: this is about 10% divided in 6% for survey and project and 4% to lead
building operations.

———
Owner PROJECT P
(municipality)| = preliminary S et SO T
oo _flnal operative
Giunta e
: Forest I Na’[ura—lir Park |
R | | |
puiding service | 2000 || body |
commission /\ _____ J,_____I
l Hydr. i Environ. |
limit funds| | Minist |
Environmental it L Minister |
authorization /\
Sovrintendenza 95% OR 75%
Figure1.1.64.h:theapprovalprocedurein FVG region

1.1.6.5. Road management with GPS-GIS systems

Often the management of aroadnetwork is eases with the useof GIS softwaresintegated

with Global Position Systemsto verify trad or to up-load new information.

PELLIZZARI (2002) madea studyaboutthe applicationof a systemcombining GPS andGIS

technobgies for surveying the infrastrucures and the obstacles of roadsto producea

thematic cartogaphy supporing the firefighting opeations The study provided the

creaton of a dat dictionary and the digitalization of surveyirg tabdes/stieddes about
infrastructuesand obstacleqas pull-in areas point of reversewatersupplies helipadsor

obstades on the groundandin-flight). The real time GPStradking has been experimented
to capturirg new geometriescombinedwith arealtime filling in a dataentryform (figure

1.1.6.5.9 with the mostinterestingparaneters for firefighting features Working in real

time was a greatadvantagebecausesntry daa did not neal any paricular pos processing

review. The resultof suchan applicationis a daabag which can be managedon a GIS

platform for producing thematic maps (figure 1.1.6.5b). These maps are usdul for

preventing wildfires risk, plannirg infragructures, identify the weak pointsor for a beter

active fight coordination.
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Figurel.16.5.a:theinsertdatascreerafter | Figure 1.1.65.b: acess map for different
GPS featurerecading classfirefighting vehicles

The useof GPSis powerfulwhenthereis a big areathat need a managementplan, asthe
caseof a mountain communiy. Inside a projed the Dept. TeSAF had with "Feltrina”

Mountan Communty (CM), the shapeof new built fored roads was checkedusing GPS
mountedon a carin a tracking option (recordng 1 point evey 5 or 10 secona). Dueto a
low quality pasitioning, data were postprocesed with the use of a secondfixed GPS
antenna More over, they were checke overlying georderencedaerid photographsand

linkedto the existing public roadnetwork Suchawork hasto aims: thefirst oneis to check
the forest road accesgunction andidentify which areas need newroads(or viewedon the

other side of the mountaincommunity techncian, to have an objedive map or indexesto

judge and accept/refuseew building projects); the secondaim is to haveingde a daabase
all information they needto managethe road net. During the surey, many data were
collected, the averag slope,averagewidth, switchback curve radius, the road pavement
type, the presene of longitudinal or transvers& works and their need of maintenance.
Many photogapts werealsotakenfor ead desaibed point andlinked (figure 1.1.6.5.cand
1.1.6.5.90 to the gearaphical database The CM has so the possbility to plan the

maintenanceandestimae the yearly costs (duealso by the Venetoregionallaw n. 19/1992

andn. 39/199: maintainacces®n public roads).
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1.2. THE IMPORTANCE OF PLANNING

Wood chainis a multifacetedprocessnvolving peopleand madinesunderinfluencesof
seveal envronmertal, ecological,sacial and economcal factors. Througheach step of the
chain, wood increasedts value. Cutting, skidding and hauling opeations could be very
expensivebecausef hardforestoperaion environmentand not-efficient working system.
Consauenty timber value could be depreciéed up to the point that wood is not cut
becaus it is not convenient.Logging and transportng optimization are beamwming, thus,
evermorea keyfactorto beimproved.For this ressm, studies andaralyseson wood chain,
mainly basedon modelingandplanningtool have beenin the past developel andtoady are
still increasingdue to the introductionof powerful software as Geographi@l Information
Sysems

First interestand applicationson modelng and planning by devdoping Decision Suppart
Sysem (DSS)were primarily relatedto military needsand to edimatetrafficability of soll
for off-roadvehcles (AA.VV. 1961; ANDERSON 1985; BONASSO 1989). Theseappoaches
werethentransferredo manysectorsof agiculture andforedry (SAMSET 1975; ROWAN
1977; MELLGREN 1980, LOFFLER 1984).

Accessbility maps and analysis on plaming fored opemtion have been develogd
preventing damages to wetlard soils and ecosystens (WRONskI 1989; AA.VV. 2002;
EiIcHRODT 2008; CAVALLI 2005 MURPHY et al. 2006).In steepAlpine areaswherefored
managementims at different forest functions modding represents a complex aralysis
consideing also not productive forest function (HEINIMANN 1999 DEL FAVERO 2000):
densityand size of remainingstandingtrees (clear cuttings are forbidden) for example,
haveanhighinfluenceon skiddingoperatons.Moreover, planring modds haveto consder
nat only ervironmentalandstandfactorsbut also canbe developed to syppott preventionof
soil compacton damages (ZIEsaAK 2003). Also many works have consideral the
optimization of different skiddingsystemsn reldion to differentmachinesize, as for cable
cranesand forest operationconditions (HEINIMAN N 1986 and 1994, LUTHY 1998; KRC
1999, CHUNG et al. 2001). Further interestscould be orierted to dewelop modds and
support sysemsin orderto preventalsofores workersinjuriesandconsguenty increasimg
safetyof forestoperations(GANDASECA et al. 2001)

In the contempoary senseconsideratiormud be given to theimportane of theforestasa
sourceof non-wood forest productsand environmental services, aswell asits role in the
conservatiorof biological diversityandculturd values Timber hawvesting operations must
thereforebe plannedin sucha way asto accommodte andwhere possble enhance these
multifunctional characteristicf theforests (BALDINI andPoLLINI 1998).

Thinnings operationsare designedto remowe someof the trees in orde to emable the
remainderto thrive, which is an essentd sylvicultural operaton. During first thinning
operations, it is necessaryo openup access routes (trails) within the forest for use by
harvestingand extractionmachine. As the trails are the only routesfor the machinesto
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operate they can becomebadly damayed due to repeatd trafficking. The “trails” layout
typicdly corsistsof short “side trails” (along which the timber is gahered)leading into
“main trails” which act as the principal routes out to the stackingpoint. As the main trails
arethe most highly trafficked, mostdama@ (e.g deeprutting in excessof 0.3 m in some
cases,soil compeaction and tree root dama@) may ocaur along thes routes. The main
traffic saurce throughtheforestis theforwarders, asthey haveto makerepeagd journeys
to and from in order to collect the logs In cortrad, the harveste fells the treesas it
progresseslowly alongthe trails andgeneally has no requirenent for repeded trafficking
of the trails. In a clear felling operation,machnery movemant is less restrictel, hene,
forwarderscan reducethe numberof passe along the sameroutesin order to minimise
rutting and sal damage Soil damagecan alo be minimised by effedive use of brashi.e.
stemandbrarches with diameterbelowthe minimumsetfor utilisation (AA.VV. 2002.
Dependingon the soil typessomesoil structural changeis an inevitable consequene of
mechanisedtimber harvestingoperations.Such damageis of paricular importanceif it
impactsnegatiwely on theenvironment (e.g acceleraion of reducedinfiltration and suface
water run off into watercourses)Mechanis& timber harvesing operdion should be
plamed and executed in sucha mannerasto avad suchpotential environmental impact
Somesites are more “sensitive” to environnmental danmage than others.For example,wet
peatsoilson slopng groundcanpaoseconsderable difficultiesfor environmentally efficient
harvestingoperatiors (NUGENT et al. 2002).

The environmentalimpactsof mectanisedharvestingoperdions deperd on se\eral factors
suchas site type, matchingthe machiney to the site machinery operaton, layout of the
trails so asto minimise trafficking by the forwarders. The time of yea during which the
operationsarecarriedout mayalsobe important (HiINzE 1990). For example,harvestingon
cettain peatsals may be feasilde only during the summerwhenthe soil is relaively dry or
during the winterin cold climates(suchas Finland) whenthe surfece sal is frozen.

A key factor in determinirg the environmetal impad of medanisd timber hawvestingis
the potertial risk of run off water entering local streans, rivers or lakes For example,
traffic damayein trails (suchassevererutting) only possa significantenvironmenal risk
if it channelssurfacerun off waterinto a watecouse. Same rutting or soil scufing is
inevitable when dealing with mechanisedharvesing operaions on sendive sites, but
judicious selection and operation of the madinery sydgem can minimise the potential
site damage. However,given that this risk exids, the overiding principle mustbe one of
containmentof water flows soasto minimise therisk of run off into watercourses While it
is importantthatdamagealongthetrailsis minimised, this must be combined with planning
the rad layout to includeriparian buffer zones,which minimise the risk of dired run off
into watercourseWRONsSKI and HUMPHREYS 1994). Rehabilitationoperationsafter the
harvestingand extraction that includes levelling of dee ruts and estdlishing suface
vegeftion may be necessaryalso. Soil erosioncan posesignificart environnental risk
when meclanisedtimber harvestingis caried out on sloping sites particulrly in dry
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climates (e g. Mediterranearcountrie3. Sevee sauffing exaerbdes the effect, hence the

selectionand operationof the mechanisgon systam is important in containing the risk.

Scuffing hasthe effed of looseningthe suface layer, herce predsposes it to erosionfrom

wind or rain.

The sensiivity of a forestsite encompsses a broadrangeof issues such as aestheticsand

socal functions, inherentarchaeologicafeatures econamics and potential environmental

degradaton such asthe pollution of watecourses.One principal aim of planningis how to
minimise the impactthat mechanisedhaveding operatios can have on the environment.

With this corsideration, the following definition of a sensitive site may be adoptel

(NUGENT et al. 2002:

“A sensitive forest site is where alterations to normal mechanised harvesting practices are

required in order to avoid adver se effects on the ecological, economic and social functions

of the forest”

In this context,the sitesat risk of degrad#ion asa result of timberharvestingandextraction

include:areaswith gley soils, particularlyon sloping terrain, andwherethereis insufficient

brush to minimise surfacedisturbancejpoorly drained shalow peat soils (lessthan1 m

deep)oftenwith inferior treecropwith limited amountf brad; deepempeat (greate that1

m), uswally with good drainage networks which present very difficult harvesting

condtions;low organicmattersoils on steep slopesin area prore to droughtand sudden

spels of high rainfall (asoccurin Mediteraneanarea). The percentage of totd forested
areain Europe thatis classifiedassengive rangesfrom 5% to 25%, depenthg on country.

For exampk, 50% of forestedareain Italy is on steg terrains (more than 40%) and

protected areasasSIC or ZPScove in Nort-eagern Italy more than 50% of the productive

forests.

Ground skidding comprisesa significant proportion of harvesing operations in southen

Eurgpean countries. Planningeco-efficient and cog-effective timberhaneding systemdor

sendive sitesshauld:

1) minimise or eliminate the associatedoil disturbance (viz. terrain surface rutting, soil
compaction layer inversion,erosion)tha ordinaily may be incurredby harvesting and
extractionoperations

2) minimise the damage to residual tree crop and sedllings, in thinning operatias and
natural regeneratingstandsyespectively

3) minimise or eliminatethe damage to natural water cour ses, and artificial dranage and
soil protection structureswithin or adjacet to the harvesed areas

4) optimise the productivity of the extraction opeation, i.e. deliver the trees/lggs to
landings at ecanomic ratesandwith minimal loss of volume and/ar qudity, ard

5) ensure the safety of the extradion crewsand othe persomel involved in the related
harvesting processeshy ensuringthat only skilled operatos are engagedfor planning
and execution of the harvestingandextraction works.
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Within the first three pointsthereare five main categries of site damageand secomary
environmenal degradationthat can occu due to the opeaation of timber harvesting
machineryThesecanbedividedin categries as follows:

1. Rutting: repeded passesof heavy machirery along the sane route lead to the
developmert of ruts.Rutting is a phenomeno closely assaiatedwith soft soils,suchas
wet peatsor gleys. On most of thesesoils the rutting effect is incremenél with each
machne passbut is mostpronowncedin thefirst 1 to 2 passes. In extrene cases, suchas
where inappropiate machiney systemsare usel, the soil strudure can bemme so

damagedhatit turnsinto aliquid slurry (socdled “slurrying”)(figure 1.2.a).
Vi,

Figure 1.2.a:rutting after 10 passesf a | Figure 1.2.b: Forwarder (with 8 t load)
wheeledforwarder (with 8 t load)along a | opgating on a waterlogged site with a
main extracton trail comprisirg a shallow| shallow (<700 mm depth)solid foundation.
gley soil overlying solid foundation The machine causedsevererutting as it
sark right down to the underling solid
straum. This is also a risky situation for
working pele.

2. Soil compaction: the develgpmentof ruts (as outlined alove) is in effect an outward
marnifestaion of soil compaction(figure 1.2.c) The soil bene#h the ruts becanes
compacted,with the zore of maximum compaction extendng to a depth equd to
approximately half the rut width (viz. the zonetypicdly extendsdown to ca. 300 mm).
This compactiorwill reducethewater infiltr ation capability of the soil herce making the
rut an excellentchanrel for suface waterflow. It is therdore very importent that the
network of ruts, resultingfrom forestmadinery opaationsare remediated and do not
channé waterinto watercouses.
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w = 32 vol -%. compaction w =40 vol -%, liquid limit w =43 vol.-%, intense puddling
Figure 1.2.c: typical moistue related soil structurd alterations after traffic. Up to
moisturecontentsof w = 26% total pore volume and coasse pores show little effects
only, while moistue contentsaraundliquid limit leadto a complet loss of soil structural
diversity (=soil damage)MATTHIES et al. 2006).

3. Surface disturbance: Forestrymachnesrely on slip betweenthe wheds (or tracky ard
the soil (figurel.2.d) in order to generatedhe required drawbar pull. The magnitudeof
this slip dependsn seveal factorssuchas soil condtion, vehicleweight, tyre (or track)
type inflation pressue, drawbarpull requirement and several othe soil and vehicle
parameers. Damagedue to slip includes smearirg of the soil surface, mixing (and
dislodgment) of component®f the uppersoil layer (top 50 mm or so),root damageand
in extremecases,a breakdavn in the structure of the top layer of sal leading to
“slurrying” in wet soils. Looseningof the soil surfacecan leadto significant erosion
problemsin dry climates suchasin certain Medterraneansites afterrainfall.
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Figure 1.2.d: on the left a cableforwarder corridor with 40% steepslope. On the right,

without the help of thewinch, thewheds slip andarecauseof suface damags(ZuccoLl
BERGOMI 2006 CAVALL | et al. 2006)

4. Residual stand damage: Traffic inducedstand damagecan be important in thinning
operdions. The processof soil compaction,outlined above leadsto compadion of
roots, paticularly thosein the maximumcompacton zone (viz. down to ca. 300 mm).
Such compacton when associted with rutting may make the trees besidethe tracks
more proneto tipping over in heaw winds. In addition, roots may becme exposed
(figure 1.2.e) asaresultof atearingactionby the wheds (or tracks), andthis canredice
subsequenttree growth and allow erntry of pathogenic fungi (IsoMAKI and KALLIO
1974) The extert of suchroot damagedependson the degeeof rutting and the seveity
of the machinés action (CERMAK et al. 2006) The useof metal cleats(track shoes)to
enhan@ machne flotation exacerbatethe effect. As rut depthscanextendto 500 mm
on poorly maintainedmain extraction routes, this impliesthat root damagemay not be
confined to sufaceroots and can have a significant negdive impad on the resdual
trees.RUMMER and KLEPAC (2002) studiedthe differenceon residualtreedamagewhen
harvesting with manual felling or medanized (harveser) system. They found a
relationshipbetweenthe distane from the extradion trail andthe incidenceof scaring
(figure1.2.9). Fifty percentof thedamagedreeswere locatel from 1.5to 3 m from trail
center (table 1.2.a). Since the harvesterhad to processand pile treesalong the skid
corridor, more trees were damaed than during manud operdions Only 5% were
locatedmid-reach(3 — 4 m), with the remaining45% located4 — 7 m from trail cente.
This likely reflects the difficulty of handing treesat the extrame limits of the boom
reach. LIMBECK-LILIENAU (2003) found that the cutto-length wheeled harvester
forwardersystemcausedhe lowestnumberof damages to remaning trees if comparel
to trucked harvesteforwarder, harvestesledge yarder and chainsawcade yarder
systems.During thinnings, steg terrain and cutting intengties may be the reason for
higher damagdevel.

5. Soil erosion and accumulation of sediment in streams: Input of soil to the watercouses
(increasedsuspenced solidsandsedimentatin on the stream bed) is potentially the most
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significant change in the environment surroundng the foreds. Eroson can be
particularly seveein hotdry climateswith occasional short periodsof very high rainfall.
Harveding canincreasesoil input to wateraursesespedally in mountinousareas by a
variety of processedncluding

« sufaceerosian from landingsandskid trails;

* slopefailure causedy theremovalof vegetaton;

* physial damageo the streambarks, suchasslippage ard bankcollapse, and;

« increasd surfacerun off asaresultof clearfell operations

The environmentaimpact of the aboveproceseswill depend on the proximity of the
harvest site to watercoursesthe expanse of the disturbed areas, site-sensitivity,

topogrgphy, weatherconditionsandtheintensty of the harvestng operaion.

35
30
25 7
201
15 7
10 4
] ]
0

i a8 m 12 14 1% 18 20

Frequency (%)

Distance from comidor (ft)

Fiure 1.2.e illustration of damage
inflicted by machine traffic on an
exposedroat

Figure 1.2f: frequengy/ of damagedreesfrom
skidtrail centerin the harvesteplots

Tabe 1.2.a:residualtreedamagecomparingmanual andmechanizd felling

Variable Manud felling Harveser
Damagetree/acre 20 170
Treesacrewith cambiumexposed | 20 160
Treesacrewith wooddamage 0 10
Meanscarsize(in®) 1.24 12.34
Meanscar/tree 2 2.5
Meanheght abowe ground(ft) 9.1 3.5
Meandistancefrom trail (ft) - 117

Optimize the productivity

Forestersshould considerthe technologywhen planning yield and cuttings inside a forest
stand.If enterpriseswill not havethe right madinesor thereare not enoughforestroadsto
enterthe forestor the value of wood get lower and operdions will not be economically
viale, cuttingswill notbedone.And if thiswill hagened the work of the foresterand the
ecologicalvalue of cuttings will looseall their significance(LUBELLO et al. 2007) Even
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more forestswill be abandonedand the cultural and soaal value of the envronmertal
managemenwill belost.

Thinnings or sekctive cuttings should also be planned in a way tha makes them
economeally feasible,reducirg at the minimum fixed cogs and providing the enterpiises
of alsosomegoodassortmentsBut the work of foreder should not be deldged by the man
who have to sign the trees which must be cut and which not. He should have read
prescription as reported on the forest managementlan and he shauld also know which
utilization systemswill be used.With this knowledgehe shouldadat the yield amaunt to
the sitecondtions: asanexample signedtrees would not be far from road morethan 150m
on gentleterrainsif tractorwith winch is used.Otherwis skidding opeationswill cause
very highlevel of standingreesdamage.

The prodem is whenawrong cut effectsan econamical loss. The useof cable systems for
exampk, shauld be carefully planned.The table 1.2.b showsthe results of two different
extracion site wherethe averagediameteravhere the same and soalso the cut volume, but
having mourted and dismountedthree corridors (that where not plamed instead of one
cau®d higher opeaation costsanda lower selling price which gavea 13780 € total loss (13
e/m® lessthanexpectedl Moreoverthe yield of the second working site was700 m® with a
low rate per hectae (asusualin thinningsopeaations, butinstalling the threelines needed
to clearthe corridor and 300 m* more wherecut (43% more)with a big ecdogicd impad
on the site becauseat changedthe normdity of the population(numberand diameterof
trees).

Tabe 1.2.b: the effect of wrong cable crane plannirg operdions (GRIGOLATO and
LUBELLO, 2006)

Working site 1 Working site 2
Calde corridors 1 3
Cuttingtype Final cutting(clea cutting) Sdection cutting
Plannedyield 1000m° 700m®
Unit yield 75m°ha 137 m¥ha
Averagediamete 34cm 34cm
Cutwood 1070m° 1060m°
Clearing corridors 70m? 360m°
Calle craneindex 1.74m%m of cable 0.57m%m of ceble
Prices
Roadside 98 €/m® 86 €/m°
Harvestskidding 42 €/m® 37 (planned)50 (real)€/m°
Standingtree 56 €/m° 49 (planned)36 (real) €/m°
Total selling 59920€ 5194038160€

Inside high forestswith high value logs it should be planred to use high mechaized
systemsasforwardersor cablesystemson steep terrainsto give to the wood a little more
value. Sawmills pay from 2 to 3 €/m* more clea logs (SAMBUGARO 2006), in factdirty logs
draggel onthe ground may pick up somesmall storesthatcould breakthe sawteeth
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Ensure the safety

A goodplannirg may helpregionsor proMnces in organiZng training ard learning couses
for operatorson the basisof enterprisesieedandnewtedinology.A workers ilinessis mad
for him, but hasalsosomenot nedigible sodal costs New machinesfollow Europeanrules
andprovide saferworking site ( thinking for example of a worker sitting insidea harveder
cabin:heis far from cuttingtools, he do nat breath chainsaw smoke,he is protectedfrom

falling brancles,etc...), but working rhythmsand new podure of the body introduce new
illness more common to videotermind workers (e.g. musalloskektal disorcery

(AXELSON and PONTEN 1990; SyNwoLDT and GELLERSTEDT 2003). One of the riskiest
things in forestis walking (table 1.2.c ard 1.2d), meaning falling, so a good forest road
infrastructue and a goodsite specificplannng shoud improveworkerssafety.

Tale 1.2.c:forestworkersaccidentsn 2001 in Trento province(PAT 20@Q)

Forestworkers 236

<10 daysstopaccident 15

Upto 20 6

Upto 40 3

>40 days 7

Total 31(13.4%)

Tabe 1.2.d:wherethe accident took placeandwhich part of thebodyhit (PAT 2002)

shallder | eye| face | arm | breast | hand | leg | knee | back | others| total
n. 3 2 4 2 1 5 3 6 3 2 31
% 10 6 | 13 6 3 16 10 20 10 6 100

ground | falling | stem| brarches| splinter | chainsav | axe | other | inseds | total
rock tools

n. 7 1 2 11 1 1 3 1 4 31

% | 23 3 6 36 3 3 10 3 13 100
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1.3. MODELLING
1.3.1. Forest resource management

Forestresairce managerantis the art and saenceof making decisons with regardto the
organizaion, use and conservationof forests and related resouices (BUONGIORNO and
GILLESS 2003). Forestsmay be actively managedor timber, water, wil dlife, reaeation, or
a combination of their functions(CosTANzA et al. 1996) Managemenglso includesthe
“hands-off” alternative:letting naturetakeits course,which maybe the bestthing to do in
somecases.Forest resourcemanagersnust make decisionsaffeding both the very long-
term future of the forest and day-to-day adivities (WiLLIAMS 1992). The decisiins may
dealwith very complexforestsystemsor with simple parts. The geogaphic area of conern
may be anertire country, aregion,a singlestard of trees,or anindudrial facility. Someof
the forestresouce managemerproblemswhich canbe consideral include
- schedulingharvestingandreforestatio in even-aged foreds to beg meetproducton
and/oremlogical objectives
- determiningwhattreesto harvestin unevenagedforestsand whento harvestthem
to optimizetimber prodiction, revenuespr emlogical diversity
- planning the productionadivities in forest standg andin forestindudries to meet
gods concerniig revenuesgemploymentandpadlution cortrol
- desgning efficient road networks to provide aceess to recredion or timber
productionprojects
- managingcomplexprojectsin efficient andtimely ways, given fixed budgetsand
other constraints
- reagnzing the uncertaintyof biologicd and econonic outcomes anddealing with
this uncetainty in the bestpossibleway
- ranking altermative investmeniprojects in such a way that thoseselected maximze
thecontributionto private or public welfare
- forecasing thedemandsupply, andprice of foreg products

1.3.2. The nature of models

In tackling problemsof this sortandmaking related decisions forest managersisemodels.
Models are abstract representationsof the real world that are usdul for purposes of
thinking, forecastinganddecisionmaking.

Models may be very informal, mostly intuitive, and suppored by experience and
informaton that is not put togetherin any systematic manner Neveatheles, in the process
of thinking abaut a problem, pondering dternaives, and reaching a decison, one
undoubtedy usesa model, that is, a very abstract representaion of what the reatlife
prodem is. Most decisionsare madewith this kind of informal model. The resultsmay be
very good, especiallyfor a smart,expelienced managerput the proess is unique to eat
individualand it is difficult to learn
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Forestmanagerfhiavelong usedmore concrde modds. Same arephyscally very similar to

whattheyrepresentFor exampleaforesthydrologst mayuse a sandandwata model of a
watershedhatdiffers from the real watersked only with resped to scaleanddetails.Water
or aliquid of higher dersity is madeto flow throughthe model at varying ratesto simulate
seaona variation in precipitation and flooding. The resulting eroson is observed,and

varioussystem®f damsandleveescanbetestel usingthis mockel.

A forest map is an exampleof a more abstract modd. There is very little physicd

correspondere betweenthe map and the forest it represents Nevetheless, maps are
essentl in manyforestryacivities. Few managenentdecisons are made without referiing

to themto define the location andthe extent of activitiessuchashavesting, reforestation
campgraind developmen, androadbuilding.

Mathematicalmodels have little visual andogy between the real world and the mocel.

Realityis capuredby symbolic variablesand by formd algebraic relaions between them.
Degite or because of their abstraction,mathenatical mocels are very powerlul. These
modelsarenot newin forestry.For examge, tabularand mahematicd functionshave long

beenusedto expresshiometricrelaionships betweena stand volume per unit area, its agg,

and site quality. Foresteconomistslong ago developeal formulasto caculate the value of

land as function of its expectedproducton, forest produd prices (both timber and non-

timber), managerant caosts, and interes rates (BRACK and MARSHALL 1996). These
investment models are fundamentalto forest resairce decision makng. In geneal,

mathematicalmodels can tackle problens with a very large number of variabes and
relationshi. This makesthemwell suited to comgex, red-life manageal situations.

1.3.3. Systems models

Forest resource managementproblems involve many different variades. Some are
biological, like the growth potential of a particular speces of treeson a particular soil.
Othersare economic,li ke the price of timber and the costof labor. Still othersare sodal,
like the environmentallaws that may reguate for whom and for what a particdar forest
must be managed Often, thesevaiables are interrelaied. Changes in one of them may
influencethe others.

All thes varialles andrelationshipghat tie themtogeher constitue a system. Becaise of
the complexty of the real forest resoure sydems foreseing the conseguences of a
particulr decsion is not aneay task.For exanple, to incressethe diversity of the treesin
a forest, we may think of charging the metod, timing, or intensiy of harvesting (REeD
1986; HEMM et al. 2006) But whatexactl is therelationbetwea harvest, or lack thereof,
anddiversity? How muchdoesthe frequeny andthe intensiy of the hawvestmattef? What
is the effect on the long-term healthof the forest of taking sometreesand leaving others?
What s the effect of changingthe harvesing paternon the timber incomefrom the forest?
How mudh will it cost,if anything,to increassefored diversty?



Sysemmodelsare meart to help answersuch quesions They are tools that managersan
useto predit the consequencesf their acions. In asersg a modd is adevice to bring the
real world to the laboratory or to the office. As HELLRIGL (2006) stated:the dreamfor
forestes is to have the forest inside their computer Managerscan, and do cary out
experimentswith modek that would be impossible in redity. For example,they can try
sevea managemert alternativeson a modelof their forestand observe the consequiecesof
eachalterrative for manyfuture decadegWoob and DEWHURST 1998 HINRICHS 2006), a
thing thatis impaossibleto do with a realforest. It is this ability to experimentand predict,
to ponderdifferentchoicesthatmakesfored systems modding sud anexciting endeavo.
Someof thefirst systemanodelsandthe method to solve themweredevdoped during the
Secaond World War, to assistin military operdions (U.S. ARMY, 1961).This led to a body
of knowledgeknown as operations research or management science (BUONGIORNO and
GILLESS 2003 HEINIMANN 2007). After the war, operationgesearcimethods beganto be
appied successfily in industry, agriculture and goverrment. The first applications of
operations researchto forest managemet problens date from the early 1960s. Their
numbea hasbeengrowing rapidly sincethen. The Society of American Forestes has had
for many yearsan active OperationsResard Working Group. A similar group exists
within the Internatonal Union of ForestReseart Organizaions (IUFRO Division3).
Severa modernsystemsmodelsin forestresourcemanagerant combine the methals of
operationsresearclandthoseof ecmnomics. Ecanomics remans an esertial part of forest
resourcanangementevenwhenthe objectivesof managenentarepurely emlogical, suh
asin designinga conservatiorprogram,eanorrics are nealedto compae the costs,if nat
the benefits, of alternativeapproaches.

1.3.4. Therole of computers

Although systans modelsareformulatedvia mahematis, mathemécs alone camot make
themwork. Thereasornis thatonly very simple mathematal modelshaveexact andytical

solutions. For example,a simplistic model of the growth of a dee populdion in a forest
would stae that the growth proceels at a rate propotional to the numberof animds. That
relation canbe expresseds a simple equation a solution of tha equdion would give the
populationsizeasa functionof time. In fact, the growth of the population is alsoa function

of the amountof food availablein the forest, which itself changes at arate thatdepend on
the way theforestis managedandsoon. To model theserelationships properly one need a
systemof equatiors for which thereis no exactsolution,only approximateones

This exampleis typical of systemsmodels.By their very naure, they do not have exact
analtical solutions.They mustbe solvedby numerical methodsthatis to say, essenally

by trial and error. But algorithms can decrease the nunmber of trials consideably.

Algorithms are methods of cdculation tha ersure that starting from a rough
appoximation, agoodsolutionis approadiedwithin areasonablenumber of steps.
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Algorithms havelong beenusedin approximatng solutionsof equéions But the powerof
algorithms has beenincreasedimmenselyby computes. The adven of compuers has
cau®d a scientfic revolution similar to the discovey of differertial and integral calcults.
Probems that a mere50 yearsago could not evenbe corsidered are now routinely solved
in a few secads on a personalcomputer.Computerscan now easily determine the best
solution to problemswith severalthousandvariabkesand as mary constaintson the values
of thesevariables. The searchfor optimdity, thatis, seesking not just a solution but the best
solution among a possiblyinfinite nunber of solutions, is a reaurring themein operations
research.

1.3.5. Good models

The availability of powerfuland cheapcomputersis not without dangers. In forestry,asin

other fields, it has often led to the devdopment of mary awkward, expensiwe, and
cumbersomemodels. A good roadnap does not need confushg topographical detail.
Similarly, the bestforest systemmodelsare usually the simplestonestha reflect the key
elementsof the questionto be answeredToo manytimes modds havebeensought that
could “do everything”.It is usuallybette to precisely define the problemto be solved and
to limit amodelstrictly to thatproblem.In this repect,onecanreagnizethree elemensin

model develgpment: problem definition, model building and model implementation.

Thereis a tight dependencybetweenthem. A well-definedproblemis hdf solved, andthe
solution of a well-definedproblemis likely to be readly undestoodand implemerted. To
be anygood, models mustultimatelyhdp manages make decsions. Thus, it is unfortunate
that managerslo not usuallybuild modelsthenmselves.

A recent develgpmentthatis helpingto bridgethe gagp between fored resource marages
and mocel builders is the popularity of computer spreadbeets.Mog mana@rs are now
using spreadsheetsroutinely for a variety of purpogs. Modern spreacdheds have
sophsticated built-in functions, including optimizes that avoid the needfor specialized
compute programmirg. A spreagheets an idealmedium for managrsto developsimple,

small purposeoriented modelson ther own (BuoNGIORNO and GILLESS 2003. A full

implemenation of simple modelsmay require specalized sdftware or programming, but
the approachtself ceasedo bea “black box” with little managprid inputor undestandiry
(JoHNSENEet al. 2000).

Goad modelingis not a way of computing,but rathera way of thinking. More thanfinding
a particular solution good modds shouldhdp forestresourcemanages reasonthrough a
prodem in a logical manner.Thus, althoughthe quality of data underlyng the modd is
important, it is not critical. Much useful undersandingof a problem can be acqured by
building a model with very rough data All important decisiors must often be made
quickly. Goad models do not needthe perfect datasd to mateialize. Insteal, they help
make the bestdecisionpossiblein atimely fashion with whateve dataareavailable.
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1.3.6. DSSand SDSSmodels
1.3.6.1. Decision Support Systems origins

The conceptof DecisionSupport System(DSS) is base& on the seminal work by Simon

and assa@iatesin 1950sand 1960s(SIMON 1960. During the years 1960s, researters
began systematicallystudying the use of computeized quantitaive modds to assistin

decisionmakingand plannirng (RAYMOND 1966; TURBAN 1967; URBAN 1967). FERGUSON
and JONES (1969) reportedthe fir st experimentalstudy usng a computeraided decision

system.Theyinvestigateda productionschediling applicaion runningonanIBM 70%4. In

retrospet, a major historical turning point was SCOTT MORTON's (1967) dissertatiorfield

researchat HarvardUniversity. Scot Morton's study involved building, implementingand
then tesing an interactive, modetdriven managenent dedsion system.The conept of

decision support systemswas first articulated by Scatt Morton in Febuary 1964 in a

basenen office in Sherma Hall, Harvard Business School (POweR 2007). During 1965,

ScoTT MORTON (1971) studiedhow computersandanalytical modds could help managers
make a recuring key businessplanning decision. He conduced an experimentin which

manages actuallyuseda ManagenentDecison System(MDS). Markeing andproduction
manages used an MDS to coordinaé produdion planning for laundry equipment.

The pioneeringwork of GeorgeDANTzIG and WOLFE (1960), DouglasENGELBART (1962)

andJayForresterlikely influencedthe feasibility of building compuerized decision support

systems.In 1952, Dantzig becamea resardh mahematican at the Rand Corpomtion,

where he began implementinglinear programmingon its expeimentd computes. In the

mid-1960s,ENGELBART (1962) and cdleaguesdevelopedthe first hypernmeda-groypware
systemcalled NLS (oNLine System).NLS fadli tated the credion of digital libraries and

the storageand retrieval of electronc documents usng hypeatext. NLS also provided for

onscreenvideo teleconferencingand was a forerunnerto group decision sugport systems.

Forresterwasinvoved in building the SAGE (Sami-Automaic Ground Environment)air

defensesysem for North America comgeted in 1962 (EVERETT et al. 1963). SAGE is

probably the first computerizeddatadriven DSS. Also, Profesor Forreder started the

Sysem Dynamics Group at the Massaclusetts Institute of Techndogy SloanSclod. His

work on corporat modeling led to programming DYNAMO, a general simuation

compile.

Keen and Stabell claim the concept of deckion supprt systens ewlved from "the

thearetical studiesof organizationaldecison making done at the Carnegie Institute of

Technobgy during the late 1950sand ealy '60s ard the technicalwork on interactive
compute sysems, mainly carriedout at the Massachuséts Institute of Technologyin the

1960s. (KEeN and ScoTT MORTON 1978)". SIMON’s books (1947, 1960) and articles
provide a context for understandingndsuppoting decision making.
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In 1960, J.C.R. LickLIDER published his ideas about the future role of multiacceess
interadive computingin a papertitled “Man-ComputerSymbioss.” He saw man-compuer
interadion asenhancingooth the quality andefficiency of human problemsolving andhis

paper provided a guide for decadesof computer reeach to follow. Licklider was the
architect of ProjectMAC at MIT that furthered the study of interacive computirg. By

April 1964,the developmenbf the IBM System360 and other more powerful mainframe
systemamace it practicaland costeffectiveto devdop Managementnformation Systems
(MIS) for largecompaniegDAvis 1974). Theseearly MIS focusedon providing managers
with structued, periodic reportsand the information was primarily from accounting and
trarsacton processingystemsput the systemalid not provideinteradive suppat to assist
manages in decisionmaking.

Around 1970 businessjournalsstartedto pulish articles on maragement decision systems,
strakegic planning systemsand decisionsugport sygems (SPRAGUE and WATSON 1979.

DSSevdved asa field of researchdevelgpment, and pradice during the 1970s and 80s
(SPRAGUE and WATSON 199%); the SDSS corcept has evolved in pardlel with DSS
(DENSHAM and GoOODCHILD 1989). The first useof the term decision supportsystemwas
in GORRY and ScoTT-MORTON's (1971) Sloan ManagemenReview article. They argued

that Managenent Information Systemsprimaily focusel on structured decisionsand
suggeted that the supportinginformation systens for semistructured and unstuctured
decisionsshould betermed‘Decision SupportSystens”.

GERRITY (1971)focused on Decision SupportSystens design issuesin his article titled

"The Design of Man-Machine Decidgon Systems: An Application to Patfolio

Management"His systemwas desgned to support invesiment managersin their daily

administation of a clients'stock portfolio. JohnD.C. Little, alsoat Massadhusettsinstitute
of Technoloy, was studying DSS for marketing. LITTLE and LobisH (1969) reported
researchon MEDIAC, a mediaplannng supportsydem Also, LITTLE (1970) idertified

criteria for despgning modelsand systemsto suport maregementdecisioamaking. His

four criteria included: robustnesseaseof control, simgicity, andcompletenes of relevart

detail. All four criteriaremainrelevantin evduaing modernDecision SupportSystems By

1975, Littl e was expandiry the frontiers of conmputa-sypportedmodding. His DSScalled
Brardad (LITTLE 1975) was designedto support product, promotion, pricing and

advertisng decisians.

In 1974, Gordon DAviIS, a Professo at the University of Minnesaa, published his

influential text on Managerent Information Systems He defined a Managenent
Information Systemas "an integrated man/machine sysem for providing information to

support the operatiors, managemat, and dedsion-making functions in an organzation'.

Davis's Chaper 12 was titled "Information Sysem Sypport for Decison Making" and

Chapte 13 was titled "Information SystemSupport for Planningand Contrd". Davis’'s
frameworkincorpratedcomputerizeddedsion supportsydens into the emergingfield of

managemernnformaion systems.
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In 1995,KLEIN andMETHLIE notedthat“a study of the origin of DSShasstill to bewritten.

It seens that the first DSSpapes werepublishedby PhD students or professes in business
schwls, who had aaccessto the first time-sharirg compute system Prgect MAC at the
Sloan Schml, the DartmouthTime SharingSystens at the Tuck School.In France HEC

wasthe first French businesschoolto have a time-sharingsydem (installedin 1967, and
the first DSSpapersverepublishedby profesorsof the Schoolin 1970'.

1.3.6.2. Definitions

Definitions of decisionsupportsystemsrangefrom: “interacive compute basedsystems
that decision makersutilize dataand modelsto solve undructured problems”(Gorry and
MorTton, 1971) to “Any systemthat makes sonme contribution to dedsion making”
(SPracuE ard WaTson, 1986). MALCzEWSKI (1997) statesthat SDSSis an interadive,
compute-basedsystemdesgnedto supporta use or group of usersin adieving a higher
effectivenesf decisionmakingwhile solving a semi-structured spatid decisionproblem.
A decision is a choice betweenalterratives The alternatives may representdiff erent
options of action basedon differenthypothegsamang which a choice is desiralde based on
somecriteria. A criterion is some basisfor adecison thatcan be measurd andevaluated It
is the eviderce upon which a decisionis basd Criteria can be of two kinds: constraints
that excludeany kind of action and factas that act in favour of a specfic dedsion. A
decisionis basedon a setof rules by which criteria are combinedto arrive at particdar
decision(SPRAGUE 1980; SPRAGUE and CARLSON 1982) Decisionrules are structuredin
the contesxt of a specific objective,for exanple, to detemine which area is suitable for a
givenactivity. To meeta specificobjectiveit is frequently the casethat seveal criteria will
needto be evalwated(Multi-Criteria Evaluation).

The decision support field is the “devdopment of appro@hes for applying information
systemdechndogy to increasehe effectivenessof decison makers in situationswherethe
compute cansuort andenhancéhuman judgenentin the perfamanceof taks thathave
elementsvhich camat be specifiedin advarce” (SoL 1983).

Decisionsuport systemsmust provide integrdion of informationand feedbackloops to
support investigationin the questfor scientific discowery. The intangble factorsin the
decisionmaking processmay be accounted for through informétion sypplied and choices
made by a decisbn-maker who operatesthe SDSS interadively or through an analyst
(LevINE and POMEROL 2005).

The above suggestthat spatial decisionsyppat systemsmay be developedas generat
purposetools for decisioamaking (GoobcHILD and DENSHAM 1990). The spdial decision
supprt systems have been extensivéy and adequatly coveed in the literatue
(GoobcHILD and DENSHAM 1990; CRrAIG andDAvVID 1991; DENSHAM 1991; MOON 1992
NCGIA 199). Accordingto DENSHAM (1991) and GEOFFRION (1983), Decision Support
Sysemshassix cha@cteristics:

— Explicit designto solveproblems;
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— Powerfu andeasyto-handleuserinterface

— Ability to flexibly combinearalytical modelswith data;

— Ability to explorethe spaceanalysissolution by building alternaives;

— Capabilityof supporting a variety of decsion-makingstyles;and

- Allowing interactiveandrecursie problem sdving.

Thedistingushing capabilitiesandfunctionsof spatial Decision Supprt Systemsare to:

— Providemechamsmsfor theinput of spatid data

— Allow representatioof thespetial relatiors andstrudures

- Includethe analyticaltechnique®f spatid and geogaphical analyss

— Provideoutputin avarietyof spatialforms, including maps

Notwithstarding, in the specialisediterature (HoLsAPPLE and WHINSTON 199%) DSSis
mainly viewed asa mathematicatechniqueor a se of technique for decison makingby
optimising samething under some spedfic constrants, we corsider SDSSin its broad
meaningasaninformationsystemthat can be usedto support dedsionsat spatiallevel. By
SDSSwe meantheintegrationof all the methodsand tools that can be usdul to build up a
decisionsypport systemfor spatially relaed problens. The sygem needsthe following
componentsGIS, Data analysis and Image processng, modelling and Expett systams,
Simulaton and Optimisation, Multi-Criteria Decision Analysis and a suitable User
Interface (FEDRA andFeoLI 1998)

The ultimate obj ective of acomputerbasedspaial decision supportsystemfor integrated
ecosystem management is, or should be, to improve planning and dedsion making
proesss by providing useful and scientifically sound information to the actors
involved in these processes, including public officials, planners and scientists, and the
general public.

SDSScompments:

A Geographt Information System (GIS) is desigied as a computertool to efficiently
capture stare, update, manipulate, analyse and display all forms of geographically
referenad information (e.g, ESRI. A GIS typically links daa from differentsets, using
georeferencing,for example spatialcoordinatesasa commonkey betweerthe dataset.
Data Analysis and Image processingthe mgps obtaired by GIS may be seennat only as
cattographc representation®f a classification of the lands@peat the end of an analytical
process,but mainly asdatasource for the landscge spatial patternanalysisthroughthe
many differentindices of the landscapestructure such as shae, fragmentation, fradal,
diversty, etc. (EBDON 1977; TURNER 1989; MILNE 1991; GARDNER and O'NEILL 1997
FABBRI 1991 BAKER and YUNMING 1992; CULLINAM and THOMAS 1992 GUSTAFSONand
PARKER 1992; OLSEN et al. 1993. Many GIS have internal data analyss and image
proeessig systemghat can calculatedifferent paternindices. SomeGIS such asIDRISI,
ILWIS, GRASS (seeMaLczewskKI (1999 for a comparisonbetweendifferent GIS) have
the possbility to treat remotesensingdata (Image processng) comng from LANDSAT,
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SPOT, NOAA, etc. howeverthere aren't GIS including data amalytical and statistical
techniquesthatareableto classifyspecificOperational GeogaphicUnits (OGU) aacording
CROVELLO (198]). The classification may be obtained by applying the clustering
algorithms(ORLOCI 1978; LEGENDRE and LEGENDRE 1983; GooDALL andFeoLl 1988 or
other multiv ariate techniques FEOLI and ZUCCARELLO (1996) treat this aspet. GIS can
managelifferentOGUsto obtainmaps.

Modelling and expert systems in GIS, the basic conceptis one of locaion, of spdial
distribution and relationship; basic elements are spatial objects In environmental
modelling, by contrast,the basicconcet is one of state, expressd in terms of numkers,
mass, or erergy, of interaction and dynanics,; the basc elemeats may be biological,
chemial, andervironmentalmediasuchasair, wate or soil.

In a Multi-Criteria Evaluation(MCE), an attemptis madeto combinea set of criteria to
achievea single compositebasisfor a decisionaccordingto a spedfic objective (EASTMAN
et al. 1995. Decisionsaboutthe allocaion of land typically involve the evaluation of
multiple criteria accordingto several,often conflicting-objectives (EASTMAN et al. 1995).
Making-decsionsaboutthe allocaton of land is one of the most fundameta activities of
resourcedevelopmen{UNESQO 1993. With the developmentof GIS, we now have the
opportunity, for amoreexplicitly reasonegrocesf land-use evaluation(TUCEK 1994).
The advatageof MCE is thatit providesa flexible way of deding with qualitative multi-
dimensonal envronmentaleffectsof decisons (MUNDA 1995).

Although a variety of techniquesxist for the devdopment of weights for the criteria, one
of the most promisingwould apper to be that of PAIRWISE comparisons developd by
SAATY (1980) in the cortext of a decision making process known as the Analytical
Hierarchy Process(AHP). In the PAIRWISE compaiison method the dedsion-maker is
askel to give therelativeimportanceo the criteria by comparingthemtwo by two.

Multi -Objective Evaluation (MOE): while many decisionswe make are promged by a
single objectiwe, it also happensthat we need to make dedsions that satisfy seweral
objectives. A Multi-Objective problemis encainterel whenever we havetwo candidate
sets(i.e., setsof entries)that sharememlers. Theseobjedives may be complemetary or
conflicting in nature(CARVER 1991). In caseof complementarybjecives, multi-objective
decisions can often be solved through a hierardicd extension of the multi-criteria
evaluation proces. For example,we might assign a weight to eat of the objectives and
usethesealongwith the suitability maps(seefigure1.3.6.9 developedor eachto combine
them into a single suitability map indicaing the degee to which area meetall of the
objectivesconsideredVooGD 1983 KRC¢ 2006).
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Set of influential WEIGHT X,Y Coordinate

factors
v1=Slope 0,57 * SV1
vZ2=Distance 0,056 * 8V2
v3=Rockiness 0,26 * SV3

v4=8oil bearingc. 0,12 *8V4
¥ 1,00

Suitability file

Figure 1.3.6.2 Exanple on how suitability files are derived by KRC (2006) in his model
selectingthe most suitableskidding mean. It is basd on a weighted linear combimation
of factorsanda squarereciprocal matrix of pairwisecomparsonbetwee thecritena.

However, with conflicting objectivesthe procedue is more involved. With conflicting
objectives, it is sometimespossilbe to rank order to objectives and reach a prioritised
solution (RoseNTHAL 1985). In thesecases,the needsof higher ranked objectives are
satisfied beforethoseof lower rankedobjectives are dealt with. However, this is often not
passible,andthe most commonsolution to conflicting objedives is the devdopmernt of a
compromisesoluion. Undoubtedlythe mos commonlyenployed techniquesfor resoling
conflicting objectives are those involving optimisaion of a choice function such as
mathematicaprogramming(FEIERING 1986) or goal programming(Ignizio 1985. In both,
the concernis to developanallocationof theland tha maximisesor minimises anobjective
fundtion suljectto a seriesof constraints.
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1.3.6.3. Principles of DSS

The DDM paradigm the technologyfor a DSS mustconsist of threeses of capabilitiesin
the areas of dialog, data, and modeling (the DDM paradigm) (SPRAGUE and WATSON,
1996). A well-desgn SDSSshouldhavebalanceamorg thethreecapailities.
Thecomporentsof SDSSarethree:

the Data Base Management System

(DBMS) which contains the functions
to manag the geographic data base;

the Model Base Management System

(MBMS) which containsthe functions
to manag the model base;

the Dialog Generation and Manage-

ment System (DGMS) which manages
the interface betweenthe userandthe

Geographic Made|
‘ [tz Base \‘_“ Base \

=

L

(L]

DS | BMS |
A

restof thesysem. <Ilﬂer

Figurel.3.6.3:thecomponent®f SDSS

There are different technologiesfor developing SDSS (CROSSIAND et al. 1995;

MALCZEWSKI 1997

- DSS tools facilitate the developmentof either a DSS gener#or or a specific DSS;
exampesinclude:

o

procedird programminglanguagesand codelibraries (e.g., Arc Macro Language
(AML) scrigting tool of ARC/INFO, Avenue - ArcView GIS software's built-in
objectoriented scripting language, TransCAD - Caliper Script maago language
Maplnfo - MapBasic);

visual programminglanguagge.g.STELLA 1l, Cantata and Khoros;
inter-apdication commurication softwae (e.g. dynamc daa exchange (DDE),
objectlinking (OLE), opendatabaseonnetivity (ODBC));

simulaton languagesndsoftware(e.g.SIMULIN K, SIMULA);

appliation programmimg interfaces(API) (e.g. the IBM's geoMarager API, Java
Advancel ImagingAPI, Trans@A\D's API);

applets(e.g.GISApplet, Microsoft Visual J++),

visual interfaces,graphicsand color subroutnes (e.g graphicd userinterfaces -
GUI).
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Tade 1.3.6.3 thefunctionsof SDSS

Components Functions
DATA BASE AND Types of data
o locational(e.g.coordnates
M ANAGEMENT lonal(e.g )

o topological(e.g. points,lines, polygors andrelatiorships
betweenthem)

o attributege.g.geology,elevation transportatiometwark)
Logical Data Views

o relationd DBMS

o hierarchical DBMS

0 networkDBMS

0 objectorientedDBMS
Management of I nternal and External Databases

0 acquisition/ maripulation

0 storage/ diredory

o retrieval/ queried integration

M ODEL BASE AND
MANAGEMENT

Analysis

0 goalseekng

0 optimizaion

o simulatian

o whatif

Statistics and forecasting

0 exploratoryspatal dataanalyss

o confirmatoy spatial dataanalysis

o0 timeseries

0 geostatstics

Modeling decision maker's preference

o valuestructure

o hierarclical strucure of goals,evaluationcriteria, objectivesand
attributes

0 pairwisecomparison

0 multi-atribute value/utility

0 consensumodeling

Modeling uncertainty

0 datauncertinty

0 decisionrule uncertainty

0 sensitivityaralysis

0 errorpropagationanalyss

DiaLOG
MANAGEMENT

User friendliness
0 consistentpaturallanguagecomnents
o0 helpanderrormessages
0 nhovice andexpert mode
Variety of dialog styles
o commandines
o pull-down menus
o dialogueboxes
0 graphicaluserinterfaces
Graphical and tabular display
o visualizationin thededsion spaceghigh-resolutioncartographic
displays)
o visualizationin thedecison outcomespacele.g two andthree
dimensonal scatterplots andgraphs tabularrapports)
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- DSS generator is a packageof relatedhardvare and software which providesa sd of
capabilitiesto quickly andeasilybuild aspedfic SDSS;exampkesinclude

0 GISygems(e.g.ARC/INFO, ArcView, ARCNetwork, Spatial Analys, MapObjects
LT, GRASS, IDRISI, MapInfo, TransCAD);

o dabbaseackaes (eg. dBase Access Paradox);

0 dedsion analsis and optimization software (e.g LINDO, EXPERT CHOICE,
LOGICAL DECISON);

0 staisticalandgecstatstical software(e.g.S-PLUS SPSSSAS);

o simulation (e.g.SpatialModelling Environment)

- Specific DSS aresystemsdevotedto the aralysisof a particular se of dedsion problems;
the systemswhich actually support the dedsion makers in tacking semi-structured
problems;exampesinclude:

0 Active RespmseGeographidnformaion System;

IDRISI DecisionSupjort;

GeadVied,

Spatal Group Choice;

winR+GIS Spatial DecisionSupport.

O O O O

[ specificDss

50 O 00O

D55
Generator

gl

D55Tools
Figure 1.3.63.2: Threelevelsof DSStechndogy (SpragueandWatson, 1996)
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2. AlM

Planning forest harvestig systens is a conplex undetaking. Many factors mug be
consideed the physical characteristicef theterrain, theforeststand the climate, theforest
managemenandsylvicultural plans,the product, labor,loggng equipmentandthe method
of measuringproduction (FAO 1977). All the factors havebeen studied accoding to the
typical mountainousalpine Italian forestand consideredwhile building a Spatial Decision
Support Model (SDSS)for planningforest operdions. The modelwas conceved as a GIS
tool, working on GIS ArcMap software,and user friendly as mucd as possible to be shared
with other researchersConsequenyl to its building phase, a validation and a sensitivity
analsis were carried on to verify results The model, cdled Forest Operdions Plannirg
(FOpP),would be usefulnot only at the asgsmentstage but also when andyzing the road
networkand its influenceon logging casts (for exanple whenevaluding a new forestroad

project).
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3. METHODS

3.1. TERRAIN EVALUATI ON AND GRADEABILITY

Sysemaic terrain classificationfor forestry wasorigindly started after World War Il in the
Nordic countries, particularly in Norway (AA.VV. 1961; ANDERSON 1985; BONASSO
1989). During the last two decadesnumerous proposal for chareacterization and
classification of forestland have beensubmitted.In several countries (Norway, Sweden,

United Kingdom, Northernitaly) terrainclassfic ation hasalrealy been in usefor sciertific

and prectical purposesfor years(LOFFLER 1984). For morethan a deade FAO, the Joint
Committee and IUFRO have beenattemging to unify or make comparable at leastthe
variousapproachesso far, however,without success. After prepaatory work by ROWAN

(1977) the Jant Committeestartedandher attemptin 1978. In accordancewith [IUFRO a
group of experts,composedf membes from Canada the United Kingdom the Federa
Repubic of Germany,Finland, Yugoslarzia, Norway, the Soviet Union, Sweden and the
United Staes of America, was formed and commissoned to elaborate a proposal for a
terrain classfication systemfor forestry. Thereport(LOFFLER 1984)is the resultsof several
consutations andwritten contributions.

3.1.1 Terrain classification for forestry — definition and purposes

Thetednical possibilitiesarelimited andthe cog of forest operdgionsareinfluencedby the
accesibility of forestland. Due to this relaion the kind and intensity of the maragemat
and treatmem of forestsalso dependupon aaessbility. In this context fored operations
include all opeational field activities necessary to establishor re-establish, to tend, to
protect, to openup and to harvestforeds. As pointed out by SAMSET (1971 and 1975)
accessibility isafunctionof:

- thetransportconditions or infrastructue on theonehand,and of

- theterrain conditions betweernthetransportineson the otherhand.
Transpot conditionsor infragructuremears the connetion of aforestareawith the public
transportnetwork aswell as the internal opening up of a forestareaby mears of transpaot
lines mainly by roads. Terrain classificaion (for forestry) is underdood as the
charaterizaton and grouping of forest land accordirg to the accesihility or, in other
words, accordng to the degreeof difficulty andto the possibilities and limitations of forest
operations.In somre case terrain classificdion is seenin a narower senseand restricted
merely to the characterizationof the terrain conditions, i.e. without considering the
infrastructual situation.
For numeraus purpcsesterrainclassfication is a necessay or atleast a useful instrument in
the scienceand practice of forestry. Following the exanple of a similar list of the British
Forestry Commission (ANONYMOUS 1975), three groups of application with different
requiremets asto the size of the areasto be chaacterizd andto the minutenessof detail
of de<ription andclassificationcanbedistinguished:
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- Long-term management planning, referring to areas of medum (managementunit,
forestentemprise) or largesize(region, province, country) taking only the permanent
and “average” or “normal” terrain conditiors into corsiderdion and with low to
medum requrementswith regardto the accuracyand detail of terrain description.

- M edium-ter m operationalplannirg, referring mainly to areasof medium size andwith
medum requrementsasto accuracyandintensty of terrain chaaderization.

- Short-term operational planning, working site assessnent and follow-up, dealirg
with the planning and control of activities to be caried out in the near future or
aready executedrelatedto small areas(individual and idenifiable working sites),
with medium to high requirementsas to accuracy and detail (figure 3.1.4.c and
3.1.4.d)andwith the neassityto considerthe up-to-date terran conditions.

Theimportance of auniform or atleastcompambleterrain description and classificationfor
exchangeof knowledge and experienceon an internatioral level may be pointed out in
particulr. Information on performanceand caost of equipment and operational activities
cannotbe interpretedand transformedto other situatiors unles the conditionson which
they hawe beenobtainedare mentioned(BEKKER 1969, BERG 1992). So far many valuable
data cannot be utilized elsewhere,since informaion on the terrain and infrastrudural
condtionsaremissingor notconparable.

Typesof terrain classificationsystems

The sciertific findings and practicalexpeienceindicate clearly that one hasto distinguish
between:

- adescrptive or primaryterrainclassificaion sysem and

- functionalor secomlaryterrainclassification sygems.

A desciptive or primary terrain classificationsygdem de<cribesand clasdfies forestland
accordingto the terrain featuresinfluencing the degee of difficulty of forest opeatiors.

Functional or secondaryerrainclassificdion sysens desaibe andclassify forestland with

regardto thepossililities andlimitations of operational method and technicalequipmen

A functional terrain classificationrefers always to a defined opeaation or equipgment.
Typical ard commonlyusedfunctional terrain classfic ation systens are for example the
groupingof forestland accordingto thetrafficallity for off-roadvehideslike tractorsand
skidders,or accarding to the workability of the soil andthe applicability of soil preparation
and planting equipment respectively. For functional classification systems the very
differentregionalandlocal conditionsand needshaveto be consideed Besides,with the

devebpmentof techncal equipmentandworking methods functional sysemsbecane out

of dae, amd new techniquesrequre the adustment and modification of functional
classification. A descripti\e terrain classfication sysem must provide the possibility to

charaterizeand classifythe terrainwith differert intensity and conseuertly with varying
degreesof generalizéion. In orderto guaranteethis flexibility, it is recommadedthat two

classification levelsshouldbe envisagedlUFRO 1967, SAMSET 1971):
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- amaao descriptionof terrainor regiond terrain classfi cation or clasdfication on the
recanaissancer uppe level,and
- amicro descriptionof terrainor local terran classficationor terran classfication on
thelowerlevel,
eachof themto be appliedseparatly or comhinedand ead of themto be worked out with
varying degeesof intensity.
Terrainparanetersarepropertiesf the terrain which deteminethe degeeof difficulty and
the possihlity and limits of forest operatios and are used for characerizatin and
classification of theterrain.In relationto tenporal variability theterrain paraméers canbe
differenfatedasfollows:
- permanentor invariablefeatures
- featuressubjectto seasonabariations(affeded by weatherconditiors)
- feaures sulject to medium to long-term changes(decay of stunps and logging
residus, corstructionof new roads)
It dependsupon the purposeof the classifiation, which stateof the variablefeatueshasto
be considered As a rule for medium to long-term planning purposs the “average” or
“‘normal’ state of featuressubjectto seasnd variations shaild be taken as a basis
“Average” or “normal” conditionsmean:normalmoisture condtions in sunmerand frost
or snowfree grond. In the case of shortterm opeational planning working site
assessmerdand follow-up the variablefeauresmust be consdered, if at all, in the stateat
the time the operationwill be carriedout. An entirepicture of the operaional condtionsin
anarea(accessibity) requiresjn addition,information on theinfragructurd situation
The underlined terain parametersin tade 3.1.1.a have been consdered as factos
influencirg the choice of the skidding sydem inside the modd. All othersmay be also
includedbut they aresometimesedundat or their importances lessthenthe difficulty to
find data about.On the next pagesterrain parametersised insidethe modelwill be deeply
explained.

3.1.2 Terrain parameters

Macro description and Classification of terrain

Climatic conditions

Thefactorclimateis to bedescribedy thefoll owing obligatory featues

climatic zone distinguishingarctic,subardic, tempeate, sub-tropical and tropical

climatic type (maritime or continental)

For more detailed characterizationoptiond features may be used: mean anrual
precipitation meanannualtemper&ure, nunberof daysper yearwith frost andsnaow cove.
Thesedataareusuallygiven by regionalenvironnentalagerties (e.g. ARPAV) for free or
paying a smallfee.If possble it would be better to use specfic dataof meteestaion near
the place of planning.
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Tale 3.1.1.a:terrain parametrs on maado and micro classificaion level. The undetined
factorsare includedin the modelfunctioning.

Upper classification level

Micro classification level

-macrotopogaphyclass

Climatic conditions
-climatic zone

-climatic type
-meananntal rainfall
-meanannial temperature
-numberof days peryear
with frost

-numberof days peryear
with shaw cover

Geology

-parentmaterial
-modeof formation

Ground conditions
-prevaling (textural) soil
class

-prevaling drainage
conditions

Infrastructure
-forestinfrastructure
(densty of truck roads
inside forest)

-pubic infrastructure

conditionsandpassiblyto bulk
density

-soil depth

-strendntening factors(roots,
ets...)

-frost

Ground roughness

-ground roughressclass
(accadingto sizeandheightof
permanat obstacles)
-temporay obstacles (logging
residues, stumps)

Sope conditions
-slopegradient(inclination)
clas

-shaye or type of slope
-lengthof slope

Infrastructure
-off-road transportation
distanceclass

Show conditions

Terrain paramegrs Terran paraneters Variability
Macrotopography Ground conditions o
-cumulatedslopeclass -soil strengthclass(according | Se@onalvariations
frequency to textureanddrainage

Invariable(permanent)
Medum-termchanges

Seasonalvariations

Invariable(permanent)

Medum-termchanges

Invariable(permanent)

Invariable(permanent)

Medum- to longterm
changes

Seasonalvariations

Geology and ground conditions

For rea®ns of operdional orientedterran clasdfication information abou the geologicd
situation(parentor geneticmaterialandmodeof formation of the soil material) is valuable,
but of lessimportance however,ascompareal to the fadors macro-topograply, climate and
groundconditions. If the geologicalsituaion is descibed this shoud be dore accading to
the following rules

-asto the parent(genetic)materialthe cusbmary terms might be used

-asto the moce of formation of the soil mateial the following teminology, propcsed by
CanadiarResoure AnalysisBranch(GoLoB 1978; Tsay 1979; MELLGREN 1980b),canbe
appied:
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A Anthropogenic O Organic

C Colluvial R Bedrock

E Edian S Saprolite

F Fluvial V Volcanic

| Ice W Marine

L Lacustrine U Undifferentided

Within the scqpe of macro descriptionthe terrain factor “prevaling soil class”is to be
typifiedby one of thefollowing four soil classes:

1 coarsetexturedsoils (gravelandcoars sand, sand,loamysand

2 mediumtextured soils (sandyloam, fine sardy loam, very fine sandyloam, silt
loam,loam, clayloam,silty clay loam)

3 fine-texturedsoils (silt, sandy clay, silty clay, clay)

4 organicsoils (contentof organicsmorethan 30%)

In the casewhere otherclasseghanthe predoninantoneoccu on a noticedle percertage
of the area(more than 10%), this shouldbe noted

Micro descriptionandClassificationof terran

Theclassificationon thelower (or micro) levelis intendel to save thefollowing purmpoes:
- to chaactrize smallerareaswhich asa rule are delineaed on the map and in the field
respetively andconsequenthareidentifiable,

- to give a statistical breakdownon the terrain conditions (terran classes) of large areas,
basel ontheclassifiationof sampleplotsusingthe rules of micro classificaion.

While terrain classificationon the uppe or reconnaisancelevel in forma and taxonomic
respet (macio desciption) is amoreverbd de<ription, it is recomnendel, in principle,to
useterrain condition classestthelevel of micro classification (LOFALER 1984)

Soil strength class

First of all, trafficability of soils, which is the capaity of the groundto syppott vehicdar
off-roadmovemenbr the interactionof vehicle and soil, and the workability of sals, which
meansthe interactionof soil working tools and the soil, should be recorded.Finally, a
classification of ground conditions shodd provide information coneerning the main
behaviorof sals from the civil engineeringpoint of view (construction of forest roads)and
the sensitivity of soils to compaction and erosionas far as influenced by and dependimy
upon soil condtions. Thesesoil or ground properties are first of all a function of soil
strergth and consequentlysoil strength shauld be usel as main criterion for the
charaterizaton and classificationof ground conditiors within the scope of a desaiptive
terrain classificaton system.Howe\er, to clasgfy forest soils accading to soil strength
caugsconsiderabldifficulti es:

- evenamongt the expertsdiverging opinions exig asto which method shaild be usedto
measte soil strergth andhow it shouldbe expressednumerically (CBR-vaue, coneindex,
modulus of elasticity as received by the plate beaing test paamdric mettods like
bevaneter, etc...)
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- until now little wasknownaboutthe strength of forestsoils
Agreenent hasbeenreachedat leastto the point where soil strength,asit is understoodin
that connectim, is correlatedwith thefoll owing physcal propetiesof a soil:

- soil type (soil texture)

- soil moisturecontentandsoil drainageconditionsrepectiely
- soil dry density(bulk densty)

- soil depth(depthof unconslidatedmaterid)

- strengthemg factorslike stoninesstootsand slash cover

With the presentknowledgeand experierce, ground condition may be clasdfied with 5
clases:

- verystrorg
- strong

- medium

- weak

- veryweak.

According to the (prevailing) texture of the surface layer (30 cm) ard to the drainage

condtionsasal is classifiedin oneof the aforementiond classes
a) Gravdly (gravelsjoanmy grawels,gravdly sands)

b) Sandy (sandsjoamysards)

c) Coarsdoamy (sandyloamsandloamswith lessthan18%clay)

d) Fineloamy (silt loamsandloamswith morethan 18% clay loans, clayloams)
e) Clayey (sandyclays,silty clays, clays)

f) Organic (muckandpeat)

Thesoil drainageclasseseferto thefrequency and durdion of peiodswhenthesoil is free
of saturationor partial saturation. The classes indicae the combined influence of
precipitation, runoff and ponding,soil permeability and internal sal drainag. The classa
are used extersively in pedoloy and soil surveying as a mears of characterizingthe
seaond sal moisturevariations(AA.VV. 1975). The definitions of the drainageclasss
areasfollows:

- Excessively drained — wateris removel from the soil very rapidly, comnonly due to very
poroussoil or a combinationof poroussoil and slopeard steepslope. Soils are free of
gley mottesindicativeof wetnessandaresddom satuated

- Well drained — water is remowed from the soil reaily, but not rapidly. Porosity is
sufficiently rapd and/orinfiltration sufficiently slow to preventsauraion exceg for a
few brief periodsfollowing the heaviestainfdls. Soil is free of gley (gray) mottles.

- Moderately well drained — wateris remowved from the soil somevha slowly, in mostsoils
of this type becawse of a slowly permeal® layer deepin the sal, a high wate table,or
additions of water throughseepageSoil has gley mottles deepin the profile, usually
between 1.5 and 2.5m, andis saturatedor short periods.

- Imperfectly drained — wateris removedfrom the soil slowly enough to keep it saturated
for significart periods,but lessthanhalf the time in the average year.Gley mottlesare
presentn theupper 1.5 m of the soil.
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- Poorly drained — wateris remowed so slowly tha the soil remainssaturded for a large
part of thetime. Gley colors aredominant in theuppe 1.5m of thesal.

- Very poorly drained — water is removed from the sal so slowly that the water table
remainsat or nearthe surfacethe greate pat of the time. Areasof these sals are
frequentlyponded Gley colorsdominate.

If it is impassiblehereto go into detailsof soil physcs andsoil mechanics The basic soil

strergth classificationmaybe usedflexibly in the following way:

- thefive mainstrengthclassexanbefurthersub-divided by formingsub-classes

- theclassficationacordingto therulesof soil strengthcondtions maybe varied

- soil drainageclassii cationshouldbe derived from the de<criptive classfication

The informaion necessaryto assesgshe ground conditions can be obtaned by ad hoc

investigations of soil samples, but here were derived from alrealy existing soil

classifications developedor otherpurposegsoil stability).

Groundroughmess
Ground roughessis determinedby the size (height) and incidence of obstaclegSamset
1975, Mellgren1980). Thetermobstaclerefers to:

- depressiosthat havehard edgesandarewell defined. Rdative to grourd level, a
depres®n must be at least0.2 m. Depresionswith an averag diameer greater
thansix timesthe deptharenotincluded,unlessthe edges are very shap.

- Stones, bouldersand ground obstructons at least0.1 m high. The following rules
areappliedto accumulation®f stonesandrocks.

* RULE 1: astone,whosecentreis closerto thatof anadjacent larger store than the
heightof the largerstone,is not counted

Figure 3.1.2a: on the left side, the store in “shadow’ of larger store is not
courted; on the right side, the centreof the stone(imaginay centre of gravity) is
outsidethe“shadow” of thelargerstone:counted.

* RULE 2: a store whosecentreis closerto the circunferenceof an adjacen larger
store than twice its own height, andwhos heght is lessthan a quarterof thatof the
largerstone,is not counted.
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Figure3.1.2.b:on theleft: the centerof this smdler stoneis closerthan twice its
height to the circumferenceof thelargerstone not counted.On theright side, the
height of the smallerstoneis more than a quarer of that of the larger stone,
courted.

The heaght of an obstacleis determinedby taking the mean value of two measuemerns
(ROWAN 1977;LOFAER 1984)

Stumpsand logging residueswhich will be degradedin time, are not counted asobstacles
in the context of a descriptiveterrainclassfication.
Obstacksareclassifiedasfollows:

1) by height:

Heightclass| H20 H40 H60 H80 H100 | H130
Limits(m) | 0.1-03 | 0.3-05 | 05-0.7 | 0.7-0.9 | 0.91.1 | 1.1-15

2) by inciderce (TERLESK 1983:

Distan® betweerobstaclefm) | Number of obstales
per ha
Isolated > 16 <40
Infrequent 5t016 40-400
Moderaely frequernt 1.6t05 400— 4000
Frequent <1.6 > 4000

Basedon size (height) and incidenceof obstecles the ground roughnes class of an area
maybeassessedccordirg to table3.1.2a.
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Talde 3.1.2.a:assessmenf groundroughnes class. The obsacle dersity corsidersthe
numbe perhectae andaveragalistancebetwesn obstates

Heightclass Ground
H20 H40 H60 H80+ roughness
class
Infrequent Isolated (< 40/hg > 16 m) 1 Smodh
(40-400/ha;
5-16 m)
Moderately No otherclassesepresated
frequen Infrequent Isolated 2 Slightly
(400-4000/ha; | (40-400/ha; (<40/hg >16m) uneven
1.6-5m) 5-16 m)
Frequent No otherclassesepresated
(> 4000/ha; Moderaely Infrequent | Isolated 3 Uneven
<1.6m) frequent (400 | (40-400/ha;| (< 40/hg
4000/ha;1.6-5m) | 5-16 m) >16m)

Moderatelyfrequent(400-4000/ha;1.6-5 m) Infrequent 4 Rough
Frequent (> 4000/ha;< 1.6 m) Infrequent | (40-400/ha;

(40-400/ha;| 5-16 m)

5-16 m)
All surfaceswith groundroughnesamore difficult thanthat of | 5 Very
class4 rough

Figure 3.1.2.c: exanple of terrain roughness on the Italian North-easten alpine study

area.Ontheleft sidea smoothterrainandon therightaveryrough surface.

Inside the mocel, a simplified version of ground roughressclassfication (table3.1.2b) was
usedacordingto HiproLITI and PIEGAI (2000).
Tabe 3.1.2.b ground roughnessisconsideed by the model

Surface occpied (%) | Obstacledimenson (m) | Max distane (m) | Clas
If notdefined If notdefined If notdefined 0 -
<33 <0.5 >25 1 Snooth
33- 66 <0.5 <25 2 Uneven
> 66 > 0.5 <25 3 Rough

77



Slope conditions

Slope conditionsarecharacterizé by:

gradient(inclination) asmainandobligatory parameter

shape or type pf slopeandlengthof slopeasoptional factors

The gradientis given asa percentag®r in degres. It should be measued (asesgd over
harizontaldistance®f approximately25 m in the diredion of the maximum nclination,i.e.
perpendiculato contours.

Slope classesnaybedeterminedromthegradientvaluesrecordel asin table3.1.2.c

Tabe 3.1.2.c:slopegradientclas®s(Rowan1977;Lo6ffl er1979

Slope Gradient Despgnaton
class percent degre

1 0-10 0-6 Levelterrain

2 10-20 6-11 Gente terrain

3 20-33 11-18 Moderaeterran
4 33-50 18-27 Steepterran

5 > 50 > 27 Very steg terrdn

For smdler areaswith more or less uniform relief, specific terms may be useal (figure
3.1.2.d)(SAMSET 1971).

In the caseof larger areaswith irregula relief, for examplewith a heterogeeots slope
pattern,the characterizatiousedin the Norwegan terrain classfication (KIELLAND-LUND
1963; CARLSSONEt al. 1969;SAMSET 1975) canbe applied(figure 3.1.2¢).

Regularslope

Undulating slope

Terraedslope

Concaveslope

Convex slope

JARAN

Figure 3.1.2d: relief description Figure 3.1.2.e large areas irregular relief
description. 1) Uniform hillsides, 2)
Badnshapedhill sides, 3) Close valleys, 4)
Coneshapedhillsides,5) Plateaux
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Theslopelengt is classifiedaccordingto:

- the uninterruped length, i.e. the overall length of a slopefrom the bottam to the top
or to aforest(truck) road,regardlessof terracesditches, etc...

- the interrypted length, i.e. the most frequent length of regular strdchesof slope
betweenterra@s, ditches,etc..., occurringwithin the overall length. This interrupted
lengh is usuallyregardedasa marginalclass.

Thelengh of aslopemaybe classifiedaccading to thefollowing scde

Classl 25-100m
Class2 100—-200 m
Class3 200-300m
Class4 300—-700m
Classb >700m

Off-road distance class

Onthe level of micro classificationthe infragructural condtions may be chaacteized best
by the meanoff-road transportatior(skidding, extradion) distan@, which is definedasthe
averge distancebetweenstumsite and the next forest (truck) road or storage place for
further transmrtation. The range of the off-road transportdion distarce is grouped into
clasesasfollows:

Classl <100m
Class2 100-250m
Class3 250-500m
Class4 500-1000m
Classb >1000m

For a very exact description, as on the occaion of sdentific studies (machines
productiviti es), it might be recommenddb to report the conaete value. The mean
(realistc) off -roadtransportatiordistancecanbe achieved in two ways.

- by direct measuementon the topographicd map accordng to the point-grid method
suggeted by SEGEBADEN et al. (1964)

- by an indirect way with the help of road density (RD in m/ha) and road spadng
respetively and road network factor (f) appropride to the areaunder consderdion. The
meanoff-roadtransportatiordistancgTD) is then

TD = (f - 250) / RD [m]

3.1.3 Gradeability

The completeterrain descriptionand classification of an area (a site, a sampleplot, etc.)
under operatonal agectsis representedby the terrain condition or accessibilityclass.To
this, the classes(and additionalinformation) of the single features are combinal in the
following seqience and importance: ground conditions ground roughness, slope
condtions, infrastructureand snow condtions. As an exanple, the terrain desciption on
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the micro level might be representecdby a nunber sequence(table 3.1.3.aand figure
3.1.3.a):

2.3.3.4where 2 meansstrongsoil
3 meansunevensurface
3 meansmoderatderrain
4 meansoff-roadtransportatior{distan@ betwe& 500and1000)

Table 3.13.a: functional classificationfor use of harvesing machinery(terrain limitations).

Numbersreferin orderto groundcondition class, groundroughnes classandslopeclass.
Typeof equpment | Off-road movementon | Off-roadmovementestricted

slopes  un-restricted| Downhill only Uphill only

(pardlel contour)

Worstterrain classon which machinecanbe expectedo operate

Agriculturaltractor | 2/3.2.2 3.3.3 2.3.2
Skidder 3.33 3.4.4 3.4.3
Forwarder 3.2/3.3 3.3/4.4 3.3/4.3
Crawlertracta 3/4.3.3 4.4.4 4.4.3/4
Cable cranes 5.55

I‘"( Y
-
2.4 4

T2} .2.304)

I

Asudder

l" A L2030 VSN

J{ah. 243D 102.3) T

Bri=weather
operakion,
wet Spots

T-301.41.171(2)
134411

Forwardes

E:G-t"dﬂ rder

Figure 3.1.3a: on the left a longterm activity plannng, on the right a detailed
operatonal plaming. Reference to terrain strength, ground roughnes and gradents
(LOFFLER 1984)

To evduate performancecharacteristicsof off-road vehicles different criteria were
proposed such as drawbar performance, transpat productivity and maximum feasible
operating speed(WoNG 199). Mobility is a multidimersional concet which consders
vehicle pefformancein relationto terrain stability, obgacle and slope negotiation water
crossing,andride quality (WoNG 1993).To evaluateperformanceof cartiers on slopes,an
analsis of relationships between vehide pamametes, slope negotidion, and terrain
propertiesis of primary importance(BoNASSO 1989; HEINIMANN 1999). Terramechnics
offers three basic approachesto this andysis: (1) enpiricd, (2) analytical, and (3)
numerical (computeraided,seeWONG 1994). Analytical and numericalmodelsare basel
on the plastic equilibrium theory andrequirea paranetric desciption of the soil’s plastic
behaviouw. In keeping with the work of BEKKER (1956 and 1969) usually five soil
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parameéers must be determined.This limits covering the variahility of sal propettiesin
spae andtime.

Therefoe empiical approachedasedon charaterizing soil propeties by the Cone I ndex
(Cl) aremoresuitableandwereusedfor the currert andysis. Following engineeing design
equiibrium principles, single wheel and single track corditions may be formulated
respetively, asshown below:

For powereduphill motion,

R =[P+ P+ P 1 1]
for brakeddownhil motion,

S Rus =[Pl 12
and for powereddownhill motion

S Ru =[P tFtFule @

where Rinst= Thrustresistancef thesoil
Fsiope = Slopeaction(driving effect of gravity on an inclinedplane)
Facc = Accelerationaction(a-mass)(& 0 accelestion, a< 0 deceératon)
Fiow = Soil acion againg moving of awheel/rack (towing)
vr = Resistancdactor
ve = Action factor

Downhill motion requirestwo equilibrium condtions [1] and [2] consdering that the
towing action Fw can bemme greaer than the sum of the slope action Fgope and the
deceleratioractionFac.

Gradeability wasandyzed to evaluateperformanceof carrierplatforms basedon the work
of BRiXIUs (1987 for wheeled and HALEY et al. (1979), for trackedvehcles. Figure
3.1.3.b preents the relationships betweengradeaility, sal propertes and wheeltrack
characterstics.
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Figure 3.1.3.b: gradeabity for tracked and wheeled carriers as a function of soil
properties(Conelndex).

The underlying vehicle parametersare typical for the IMPEX “Bengal Tiger, tracked
harveser,the FMG Timberjack1270Bwheeledhareder (60055-26.5tires),andthe FMG

1710 clambunkskidder (800/40-26.5 tires). The derived gradeality curves agee quite
well with figuresof WONG (1993). In mod textbooks on forest operatims, limits of

mobility areprovidedin termsof maxinum negdiable slopegradient

Resuts in figure 3.1.3b show that slope gradient alone is nat an adequae criterion. Soil

beaing capacitymust be taken into consderaton, especidly on soft grourd conditions
(WRONSKI et al. 1989; HEINIMANN 1999, EicHRODT 2003). Wheeled carrier hawveging
systens shouldbe applied only to soil with bearingcapadties greaterthan 850 kPa Cl (=

4.6% CBR). Wheeledharvestersmay operateon slopesup to 35-45%. Wheeledextradion

is limited to uphill gradeabilityof about45-50%, which agreeswith recommendatins of

LAMBERT and HOWARD (1990). Downhill transpet may take place on slopeswith grades
up to 50%, butis strictly limited to terrainwith goodbearingcapaity. On very soft ground
conditions, soil with bearingcapacitiesof 400 kPaCl (= 1.6 % CBR) to 700 kPa CI (=

3.3% CBR) which may be encourtered on the northern slopes of the Alps, tradked
harvesers should be used, wherea extracton shoud be dore by cabk systans or by
helicopters.The advantage of tracked versuswheeledcariers is quite clear. However,

applicability of theknown vehiclecorfigurationsis limitedto abouta 60%slope.

The pracice of forestryis more interesed in functional terrain classification systens than
in desciptive ones (PUTKISTO 1964; HAARLAA and ASSERSTAHL 1972). However, no
consensugcan be internationallyachievedabaut functional terrain classification systems;
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functionalterrain classificationsystemscanonly be develogd underconsderaton of the
local and regional circumstancesand findly that fundional terrain classification will
geneally only beapprqriatefor shorterperiods

The following examples(8 3.14) merdy demongate in which way functioral terrain
classifi@ationsydemscanbederivedfrom ade<riptive terrain classfi caion. Thestepfrom
the desciptive to a functionalclassfication cdls for anevduation of the descrptive terrain
classeswith regardto the function in quesion. So for instancethe relaionshipsbetween
terrain conditions and techncal properties of the machinesmust be investigaed and
defined, or thosebetweenterrain corditions and the sensitvity to sol movement(OLSEN
and WASTERLUND 1989; WRONSKI et al. 1989; ZIEsak 2003). This can be done on the
basisof experienceaswell asof purposefu experimerts and studies.

3.1.4 Matching systems to the area — reference examples

Severalauthorsstudied a functional classificaion of sois andtheybuilt their own matiices
to matchsystemsto ead terraincategory.They also draw simple planning mgps showing
technical working areasfor forest utilizations, but at that time they had no powerful
softwares like ArcGIS andthe work was madeby hand and neededa lot of obsewations.
The mostinterestingexamplesyery nearto the Fore$ OperatonsPlanning presentechere
are thoseof RowAN (1977) in table 3.1.4.aard figure3.14.a,3.1.4b, 3.14.card 3.1.4d,
MELLGREN (1980)showvn on figure 3.1.4.e, LUTHY (1998),figure 3.1.4.fand 3.1.4.gand
Spinelli andothers(FORESTSERVICE 2000;AA. VV. 2002),table3.1.4.b.

Tabe 3.14.a:probableterrainlimits of forestmachires. This table is the only one which
considerdifferentparametersaccordng to the extraction direction.

Worst terrain class on which
: machinecanbe expectedo operde
Machinetype Ground Ground Remarks
conditions | roughness Slope
Agricultural Uphill 3 3 2 Uphill extradion may
tractor(2WD) | Downhill 4 3 3 requre areducel load
Agricultural Uphill 3 4 3 Load probaly
tractor(4WD) | Downhill 4 4 4 reduced on  uphill
extradion
Forwaders Uphill 3 4 3 Load probaly
Downhill 4 4 4 reduceduphill: band
tracks esetial in
worstconditions
Skidders Uphill 3(4) 4 23 Load probaly
Downhill 4 4 4 reduceduphill: band
tracks esetial in
worstconditions
Crawler Uphill 4 4 3
tractors Downhill 4 4 4
Cablecanes 5 5 5
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Figure 3.1.4.a:long-term planning, descriptve map.This maprecadsterran datain a
fairly “broad-brush” mannerasthe objectis to provide informatian on which the choice
of possibleharvesing systens, and consequetroadplanning, canbe basedSoit is not
necessaryto record every patch of differing ground, as thes will havelittle or no
influenceon thefinal result(RowAN 1977).
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Figure 3.1.4.b:long-term planning, functional map. This is an exampleof the type of
operatonal planningmap. It could take the form of an overlay on the descriptivemap
(figure 3.1.4.a).Information presentedn such plaming mapscould include: the areas
which are negotiabk by particular machinesor machine types; the areasto be haveded
by particularharvesing systems.
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Figure 3.1.4.c:short-term planning and operational control: descriptivemap. This
recordsdetailedterraindataon the siteson which work will be dore within the nexttwo
yearsor so. Areasof the foreston which no work is proposedn the nearfuture are not
surveyed,and thereis no attemptto obtain complde coveragge of the forestinitially.
Information on sites on which work will be donein lateryearscanbe colleded nearer

thetimeit is required and sothereis a buil d-up of laging value
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Figure 3.1.4.d: short-term planning and operational control: funcional map. This
type of mapshave a limited “life”. They canrecord a rangeof information, usually
relating to currentwork, suchas: defining working areador specifiedmachines,perhaps
at a particulartimesof the year; planningextracton routes;defining areasvherecostsor
incentive payments can be expectedto change acording to terran features, either
directly or because the terrain imposessomechang in working metiod.
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Figure 3.1.4.f: skidding systemsmap. This is one of the first mays createdwith the use
of a geograplsal software as Arcinfo (LUTHY 1998) The evaluation of system
alocationis doneon aregulargrid and not on a continte suface.
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Figure 3.1.4.g:costsmap. Theevaluationis donepoint by paint startingfrom resuls of
figure3.1.4.f. A simpleprogramwas built insideanexcelsheetand run on the bass of
input paraneterset by the user(HEINIMANN 1986 LUTHY 1998.
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Tabe 3.1.4.b: genera terrain classificaton scoring for Ireland (AA.VV. 2002; FOREST

SERVICE 2000)

EEE

oy |

s
=E) ‘w0 Pl
Fif

amE]

£CE

ajqey Spreaung payaet]

S{qe ] TepIERm PRPEI] “EmprEang

EEQ

.ju.ﬂn__.ﬂ.m

TEl

| E ¥4

£Tt

IBpIEALI0 ] paPEL]
“EprzaIng

Tt

=N PRS- =Py

jra Tl
BLIOH TEPRTS ‘EpIEMICT
ETT £L1
B0} TEPRTYS ERIEAIC T
ore Tl

TTH: TTE
ETTS)
‘EpreI ] peypEL]
§§ g

~\

%
(g)adors daaig, poe (7) sseugEnos
PUNOIE waramy, (1) vomipunos ponoiE poony,

semap [ oA[qEI ur @@@ SSE[D WIENR]

B

E.n._.._uuu ._._m..m—.,__.. jo apdmexy

o

(GRG7 2otues 15aio g oyl pajdopy)

CRSCRfs MIDA4E! SAIFdEA 0 PAIINT IS0 SHONDARAG LIBUIYIDFY F SIGUL

=
IOl I2PpU{S ‘EpmMIn I = ,_... |\\
11T TTI
L
7 T (arogen
\.!r 10T) JEn Mop e nE. tcod Ly,
(£ 5 57 <10 [ = 'daaig Wadﬂ:ﬁﬁ Ummuunh - (g)oeg
(Eho% 5T - F1 12 51 — 8 EpemE (¢) masany 289 - .mu e
(195 ¥ 20 .8 = 2pmeg ([ueag JEH b {1} peeny
adog ESAM[EN0A PUROIS) HOLIPIo: PUNGisy

90



3.2. SKIDDING SYSTEMSAND THEIRLIMITS
3.2.1 Defining off-road vehicles and aerial systems

The first dimenson of Boyd and Novak’s (1977) approach,concept factors, consders
machinefunctions.Groundbasechanestingconceps arebased on carrierstha are capable
of moving over natural terrain. Tree felling and proceseng dependon the functional
abilities of attachmendevicesandhandlingfeaturegpostioning, reach Jiftin g force, etc.)

Extradion depend®nloadbuilding, attachmenperformanceandcaritying capaity.

In fored to mill transportationthe most codly porton is often from stump to landing
(SILVERSIDES 1980). Thereforethe system chosenfor off-roadtrangort is one of the most
critical aspectf a tree harvestingsystem. Four principal technologypaths are availabke

for facilitating off-road transportationgroundvehicles moving on natural terran, ground
vehiclesmovingon skid roads,carriagesmoving on cabk structuesandairshipsmoving in

the atmospherg HEINIMANN 1999). Figure 3.21 shaws the factors differentiating these

harvesing concepts.

ground-based cable-based | airship-based

cable roads flight paths

(i

10-35% slope 35-50% slope
Figure 3.21: Differertiation of groundbasdharvesing concepts and aerialsystens.

As long as harvestig techrology is basedon ground vehicles they are classified as
ground-based. Systemconmplexity increase with the effort to ensureoff-roadlocomotion
Ground vehides may mowve on a path over natural terrain or, if the terrdan conditiors
become too complex, over gedechnical structues (skid roadg. If terran conditions
becometoo diffi cult, calde structuresenablethe transprt of partially or full suspended
loadsoverlargedistan@s overcomirg variousterran obstcles.Airship-basedechnologes
usethe atmospherasmediafor transprt. Althoughat a high operatonal cod, helicopters
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havefound a nichein transpat for a numberof site-specfic situations. Cablesystems and
airships may be appied in all terrain condtions. Their use is limited due to economic
inefficiency and to environmental disturbance (e.g lack of enegy efficieny in

helicopters).Groundbasedtechnologiesare limited becauseof the restrictions in off-road
mobility. Therefore,undersandng the factorsinfluencingmobillity is absoutely essentl.

There are no generalrules for differentiating the basic conceptsof figure 3.2.1. In most
textbooks and guidelines, rules of thumb are often basedon slope gradent. Recent
investigationsbasedon life-cycle cost analyss demongrated that differertiating ground-

basedandcablebasedconceptss unclear (HEINIMANN 1998 and may be definedonly for

known harveding stratgy androad building costs

3.2.2 Off-road systems

Tractorand winch

The trador with winch systemis the most spreadinside Italian forestenterprisedecase
tractor is cheap and may be adaptedto the fored use with very few adjustments.
Agricultural 4WD tradors are usudly modfied putting protectons to wheels valves,
increasng front weight and mountingchans (CAVALLI 1997)

The principal factorsinfluencingits operability arethe terrainslope and roughnessandthe
infrastructuresdensity. The terran maximumslopeis different accordng to the skidding
direction (uphill or downhill) and if moving with or withoutloads.

Moving uphill, the maximumslopeis about10-20%, up to 35% if driving unloaded,with a
maximum of 40% on very short road tracks.Moving dowrhill the maxmum slopeis 30%,
up to 60% on well mairtained roads ard short tracks Both the uphill and downhill
extradion is not possibleout of skidtrails androadsif the averageslopeis morethan 20%
(HipPaLITI and PIEGAI 2000).

The terrainroughnessshouldbe very low, the ground smodh so the road network is the
factor limiting forest accessibility of tracor when averag slope is high. Density of
temporay roads(skidtrails) in this caseis alo very important (CiviDINI 1983; FABIANO
2002).

The extractiondistarces, within which the productivity of tracor is not badly influenced,
have to be distinguisted if skidding uphill or downhill. When skidding uphil, the
maximum distanceis 150 m, the optimal would be 100 m, while skidding downhil the
maximum distances are respectvely 500 and 300 meters. Tracor with winch is well
adapting to many different situaions, even on those cuttings with very low yield, but logs
must be concentated inside the foreststand in a way that extracion distancesare not
higherthantheallowed ones.

Logscanbe of all dimensionsusually 4 to 6 metersbut bigger dimensionsvould be also
betterfor optimizing the load (PIEGAI 1990). The averaye load sizeis between0.5t0 1.5
m>, but maybe also 2 m? for hugemachinesProductivitiesareinfluencedby manyfactors
as the extractiondistance(figure 3.22.a), logs dimensons (figure 3.2.2.b), skidding times,
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technical propertiesand direction andthe charateristics of skidding path. As an example,
daily productivities of a tracta with two operatorsworking is 10-20 m* inside young
forestswith small diameters(thinnings),15-30 m® inside forestswith aveagedimensbns
and 20-40 m® on final cuttings (HiPPoLITI and PIEGAI 2000; CAVALLI and MENEGUS 200B).

Cosst arerelated to working times and prodictivities and they are also influencedby the
extradion distancefigure 3.2.2.¢9 andtheloadsize(figure 3.2.2.9.

Whenskidding firewood it seemghatthereis a optimum sizeof piecesbetwweenl5and 16
cm diameter(figure 3.2.2.b) becausehe loadng is done by hand:when the size is smaler

it takeslongertime to fill the firewoodneg (PIEGAI andQUILGHINI 1993),whenchopsare
biggerthey arealsoheavier anddifficult to lift or hande.

Tractor with winch productivity (logs)
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Figure 3.2.2.a:tracta productivity when skiddng logs (DELLAGIACOMA et al. 2002,
modified)
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Forwarder

The forwarderis an articulate tractorcompo®d by two units free to move andsteelon the
horizontal plan. On the first unit are sited the driving cabn and the engne usually very
powerful, up to 170 kW. The secondunit is compesedby atrailer and an hydraulic boom
which commandsare sited inside the cabn (BIiDINI 2004). This particular configuration
alow easier loading and un-loading operatons decreasig the operdor stress and
increasng his safety. The trailer may be adjustble both in lengh and width dimensiors
adapting it to differentlog lengths and sizesor to stard characteriscs lik e tree densityor
soil bearingcapaciy.

Italian forest enterprisesare usually small and they have not erough moneyto buy a
forwarderwhich asnew may costmorethan250000€. Moreover the yearly wood cuttings
are not enoughto cover fixed costsand depreciaton in a short period. The use of this
machinewould also causea changein the way of the working schemeandlogistic thatis
quite difficult to realize.Few examplesof peoplebuying forwarder in Italy show thatthisis
possibleonly when the enterprisehas a well organized logistc and scheduéd work (as
Ciech in Trento province), when the machire is bought used from an other county
(Sambugaradorothersin Asiago) or when regional funds cover a percenageof the selling
price (Dalle Ave brothersin Asiago). The useof forwarder at its higheg performanceis
only possble after attendng a speific courseandafter months of practce (ACKERMAN et
al. 2002 PURFURSTandERLER 2006).

Thefirst forwarderswere thoughtto work on openspacesandflat terrans in the Northem
Europesotheydid notfit inside Alpine foress becaiseof their size. During the yearsnew
adapted smaller machinesentered the marketand opered to the Italian foreg sector Till
now its useis still highly conrected to the cuttings and the standtreedensty.

As othe off-groundmadiines,the forwardertechnical limits dependon the terrain slope,
roughnas and extractiondistance(GARDNER 1966. The uphill extractionis feaside on
slopesup to 25-30%, while skiddng downhill slopesmayreach40%. This ability is dueto
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the hydraulc transmissia which is spreadover all traction wheels and which vary
continuously(thereis no gear)adaping to the terraincondiions The wheek havea large
width and a low tire pressue andthey are coypled on a bogie sysem which limits the soill
damags andincreaseghegrip evenon muddycorditions(ACKERMAN et al. 2002).
Theterrainroughnesss lessinfluendng theforwarder than the tractorbecausets frameis
higher from ground (more than 60 cm) due to the wheels configuration and hydraulic
system Moreover, the wheels bogiesincreaseits agility over obstacleslike rocks and
stumps.Foresttruck roads are not requred, but the road nework should be quite denseto
allow the machinereaching logs at felling sites inside the fored. The cutting operatiors
should take count of the use of forwarder and treesshoud be felled ard bucked in a
favorabledirectionwhich makeeasie theloading phase.

The forwardertrailer may load up to 15 tons andthis makeconvenientalso long distance
extradion, but not more than 1 km (figure 3.2.2¢e) becase the productivity decreasesand
skidding is not yet cheap (GARDNER 1966; ACKERMAN et al. 2002). Logs canbe of any
dimension,but they influerce productiviy andcoss (figure 3.22.f and3.2.2g). Thetime
for loadingandun-loadng smalllogsis higherandthe woodvolumeis lessthanthatof big
dimensions,so eachtrail may increasecods up to 40% than the average(KELLOGG and
BETTINGER 1994). Usuallytreesarebudked at 4, 6 or 8 metersputlongerlogsor full trees
can beloadedaccordng to theloading spaceor usingsomeartfice.

The forwarder increasedhe safety of worker becaus he is inside a proteced cabn, but
new problems are introduced, for exanple the muscle and skeletal diseasesor the
psychobgcal problemslinked to the working stress due to fast operatons, and to a
solitary work which brings to sccial relation problems(AckeRMAN et al. 2002). Theseare
well know problemson countrieswhere the use of forwarderis now commonandit is more
strongwherethe operatas areshiftedon a 24 h working day.

References state high productivities, from a minimum of 6 m*%h up to 47-50 m*h and
averagesof 20 m¥h, dependingoy assortmentsind extraction distancesbetween’500 and
1000m (PuLkk 1 s.d; ACKERMAN et al. 2002, butfirst studiesin Italy (figure 3.2.2.9 show
a variation between10 ard 20 m*h. Skiddng costsare lower than 10 €/m?, but they are
depending on the log size in fact skiddingbig size logs at far distancesmay be cheaper
thanskidding smalllogs nearroads (figure 3.2.2.1).
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Forwarder productivities
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Figure 3.2.2.e:the forwarder productivity function in Italy andcomparedwith a Finnish
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Cableforwarder

Usually the forwarder beginsto work two days after the harveser, drives on the same
corridors, loadsthe logs left on the two sides (likely bunchedaccordng to homognous

assortnents) and trarsportsthe load to the landing site. Due to the recurrentpasage at

fully loaded conditionson the sametracks, this machire, muchmorethanthe harvester,can
damagehe soil (compaction,rutting); anyway,negative effectsaremitigatedusing logging

debris (branches tree tops) to reinforce the strip roads, which results in a substatial

increasen soil bearirg capacity (MCDONALD and SEixAs 1997). Most recentforwarders
are agile, stable and compactenaigh to movein the forestwithout specific corridors, after
amotor-manualy pefformedcut.

In ltaly forwardersareusually matchedwith the few haresters,mastly operatng in poplar
plantaions. The alreadyscarceliterature abait forwarders (TUFTS and BRINKER 1993a;
TUFTs and BRINKER 1993b; KELLOGG and BETTINGER 199%4; McCNEEL and RUTHERFORD

1994) doesnot concerntheir appication under Alpine condtions productivities, costsand
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concrete limits are unknown. Their usein mountainous area& hasalways beenhold up by
the maximumnegotiabk slope gradient,which diffi cultly canbe over40%.In the Austrian
literatureexampeés of calle extraction of harwester-felled thinnings are presentedVISER
and STAMPFER 1998; HEINIMANN et al. 1998 StAMPFER and STEINMULLER 2004), but this
methodis not so widespreadn everyday’s practce. Exacly in Austia, consideing the
needto widen forwardefs range, hasrecently madeits appearancethe so-called cablke-
forwarder. If pilot studes were requring an external winch to pull up the machine
(BomBoscH et al. 2003), the projed has evdved to its actual state, which seesthe
forwarderableto self-haul up by awinchintegratedn the machine;therolling up speedof
the cable is synchronzed with the transmsson of the vehicle. The winch is mounted
behindthe head boardof the bunk andthe cableexits from the bad of the machine;once
the cableis fixedon anancha tree or stump the forwarde canclimb up alongthe corridor
createdby the harvester negotiatingslopesup to 70%without evidert wheelslippage.
Before traveling uphill, the machine need to have the cabk of the winch fixed on an
anchor tree or stump at the headof the corridor. The harvestempul the cable up alongthe
first corridor, in orderto sparethe forwarderopeator a very heavy task. The processis
easier for the othercorridors, becausepncecompletedthe haulage, the forwarder canusea
forestride at the headto mowe to the beginnng of the adjacert corridor,readyto descendt
loading the logs. Unhaoking the calde and seting it up againon a new stumpis usually
requiring just few minutes.Consideringthe steepslope,the calle is always keptin tension
while moving on the corridor, but once on the forest road the operatoris loosning it in
order to freely move on the road (perpendcular to the corridors) and unload the logs
(CavaLLl et al. 2000.

Extradion distance,as evidencedin Figure 3.2.2.h exert a stranger influenceover the
produdivity, confirming how a goodforestroaddensty is fundanental to carry out forest
exploitationin aprodictive and economicalway.

Figure 3.2.2.i revealshow productivity decreaeswith the increasng slope negotiated by
the cableforwarder. The gap, anyway, is not so noticeabe (no more than2 m®), hence
underlining the validity of the system:the use of the winch minimizesthe effed of the
slope onthe movingof themachne. Theavera@ productivity formulais shown.

Trawelling speed(both uphill anddownhll) remans almostconstant, thanksto the uniform
pulling force of thewinch.
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Figure 3.2.2.i: productivity functions accading to extrection distanceand avelge

The machinehourly costwas estimatedin 7146 €. The extraction costper cubc meter
(€/m®) derivesfrom the quoient betweenthe machinehourly cost (€/h) and the machine

produdivity (m%h). Figure 3.2.2.j evidenas how the extracti; cost decreasesvith the
growing productiviy.
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3.2.3 Cable systems

Mobile cablesystems-toweryarder

The mobile cabk systemsare usually compmpsed by somedrums(for the skyline, the main
line and guy-lines) mourted on a compactunit and by a tower usedas spansuppot. The
systemmaybe autonomousf it is provided by anengineandmourted on a wheeledrailer,
or it is carriedandconrectedto thetracor pulling force (BorTOLI and SOLARI 1996).
Carriages can be mectanic or semiaubmeatic. The mobie cabke cranesare the simplest
cheapst and rapid to instal aerial skidding sysems. They usualy work with gravity
skidding small size logs deriving from thinnings or coppces on short corridors (100-400
m). Thelateralskiddingnevergoesfarer than25 m (BORTOLI e SOLARI 1996).To makethe
system economical,the minimum yield should be at least0.305 m® per linear meter
(HipPoLITI andPIEGAI 2000). The productivity mayreach5.5m*/h, but consileringalsothe
mounting and dismouring times it decreaseto 3-3.5 mh. Skidding firewood, the
produdivity is between2 and 5 tonsperhour beinginfluencedby the averagesizeof wood
(figure 3.2.3.a).The differencebetweenfirewood and logs extracton is more or less1/3
(comparingtons and cubic metersas equal), but after 200 m this becoms lessevident
(figure 3.2.3.b).Commonlyskylineshavea 14-16 mm diameer, with a breakirg load under
15 kN (about 1.5 tons). Working with gravity force, the minimum slopeshould be at least
20%, while the maximum slope is 100% skidding downhill or 120% skidding uphill
(BorTOLI andSoLARI 1996, DELLA GIACOMA €t al. 2002.

The working sitesrequire enaugh spaceto sd up the tower ard piling logs, tractor roads
and skidtrailswith goodpavementare sufficient. The forest roaddersity should be 40 m/ha
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consideringan avaageskidding distarce of 400 m, butit would be beter between60 and

70 m/ha(BorToLI and SOLARI 1996).

Productivity skidding firewood
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Comparingfirewoodandlogsextractian.

During time studiesalsolateralskidding distarceswere measued andit wasdenonstraed
that the lateral distarce has a statistica influence on total productvities (figure 3.2.3.c).
The corridorwidth is importantwhenplanningcuttings becawseit influenceghe numberof
linesrequired. The mountinganddismouning times may be lessthan 2 daysfor the tower
crares, so it would be betterto build one more corridor than skidding with far lateral
distances. When skidding farer than 25 meters the total productiuty decreaseof 60%,
moreoverthe forcesand structue stressis higher and workers safety decreaseAverage
costsare very low when skidding within 200 m (over 15 €/t, figure 3.2.3.d), but they can
increasedependingnthelogssizeandon thesite characeristics.

Productivities and lateral skidding
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Sledgeyardercabk systen

Thesledyeyardersystemis compsedby threeelements.

The first is the yarder, which is mountd on a sledge and the main line which is stored
insidethe drum. The drum is poweredby an engineandthe movementmay be mechanical
or hydraulic, asthe brakesare.lt is fixed uswally uphll nearthe anchortreeand skids logs
downhill usng the grawvty force. The main line can be used to lift the dedgeuphill and
read placeswherethere are not forestroads The skiddng direction may also be uphill
whenthe felling site is locatedabove the forestroad;the sledgeyardercan be fixed both
uphill and downhill, so the evaluation of the skidding direction is not important. The
minimum slopeis 15-20% while the maximumslopeis 100% skidding downhill and120%
skidding uphill (CAvALLI and MENEGUS 2003) The use of an additional drum and an
endlessropeallow to work on “all terrain” conditions, evenon flat terrains but thisis quite
expensve andit is usedonly for civil engineering.

The secondelementis the skyline which it is usually storedon an andher big drum This
drumis independenandit is used only to storethe skyline, it canbe sited on a forestroad
and can be poweredwith the tracta force when storing backthe cable after its use. The
maximum extractiondistarce depend on the main line length and diameer (the drum
volumeis fixed) andthe maximumallowedload Whenskiddng light logs,theropecanbe
thinner and lighter, so the maximun extraction distarce may be up to 15002000 m.
Usually the skyline is a 22-24 mm diameter with minimum break load of 20 kN and
tensionedupto 120kN (about 12 tons)(BorToLI and SOLARI 1996).

The third elementis the cariage. The autanaic carriagesmay load up to 3 tons and are
very practical becausethey can stop everywhee along the line with hydraulic clamps.
Other cheapercariagesare the semtautanatic oneswhich are lighter but they can not
work with high spansbecausehe blockswould not be easilymoved.Thes cariages may
load notmorethan?2 tons.

The sledye yarder is a versatile and powerful system, but the long mounting and
dismountng times causefirst a productvity reducton (if we consder that mounting and
dismountng a line of 900 m with two or three sugports may take one week), secoml that
cuttings should be intense and well distributed on the area to compensae the low
produdivity andthe high unit coss. Thes systemsare optimal whenskiddingbig sizelogs
buckedinto 4 to 8 m size or thefull tree.Productiitiesareabaut 8-10 m*/h (figure 3.2.3.e),
but they decraseto 3-5 m*/ha corsideringthe time for settingthe line; skiddng firewood
the productivity is lower, between2 and 6 tons per hou (figure 3.2.3f) dependng on the
site organization and to the firewood assetment (full tree or 2 m tied pieces) To be
convenien, thelines shodd measwe morethan200 m, andyield should be at least0.9-1.8
m® pereachlinearmeter(HippoLTI and PIEGAI 2000;IENTILE 2003), correspondingdo 200-
400 m® per working site (MARCHI 1997).

Being able to move through the forest using the main line to lift it up, andthankto the
length of the ropes,the sledgeyarder systemdoesnot require high densityroads.When
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skidding at 800 m distances20 to 30 m/ha of roads are quite enaigh; if the extraction
distanceis evenmore, road dersity might decreas to 15-20 m/ha (BoRTOLI and SOLARI
1996).
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Figure 3.2.3.e: the sledye yarder|Figure 3.23.f: productivity of the sydem
productivity slowly increase with thegwhen skiddingfirewood, dataover0.8t were
avergge size of skiddedlogs 2 mtied pieces

The systemproductivitiesare different when skidding logs and firewood. Figure 3.23.g

compares 50 carriagetrails skidding big sized spruce logs (Rizzi 2007) and 179 trails

skidding beechfirewood on very steepterrain (CAVALLI and LUBELLO 2006; Rizzi 2007;
ZANONI 2007). The productivty is highe whenskidding logs becauseéheir tying is easier
and theyhaveless problemsduring the lateralskidding operaion. The operatirg costof the
dedge yarder was estimaté in 98 €/hour so the productivty influences costs (figure

3.2.3.h)more than the distance The averagecods are quite congant between 10 e/n? or

18-28 €/t.
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3.2.4 Technical parametersinput values

All the information of skidding systemswere collected from literaure ard suppated by
field obsevations.At theend,they wereresumed on talde 3.24.ato haw a clearideaof all
variables(technicalsystemdimits, costsand formulae)which would be needd inside the
modelandto easilycompmarethem

The grgoh on figure 3.2.4a showsthe productivity functions of all the consideredfive
systenrs. The different productivities will be helpful when optimizing the chooseof the
optimd systen becauseafter the generalorder given by importance,the most productive
(andcorsequentlyeconomic)systemwill beselectedy the model.

Tabe 3.2.4.aresumng all systemdechncal limits and functions.

sicder | Forwarder | NP | Vot | forwarde

Max slopeskiddingup-hill (%) | 18 32 100 120 63
Max slopeskiddingdown-hill | 23 38 100 120 63
Max distarceskiddingup-hill | 150 500 350 900 250
Max dist. skiddingdown-hill 300 600 350 900 250
Max groundroughnesgcl.) 1 2 3 3 2
Averageproductivity (m*/h) 4 8 5 4 2
Operatirg costs(€/h) 35.0 66.2 63.0 98.0 71.5
Formula (y = a(x*b)) a= | 3629 |1614 14933 |56 82.278

b=1]-1.1791|-0.8126 |-1.3438 |-1.165 |-1.1571
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Systems productivity functions
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Figure 3.2.4.a:sygens productivity functons derived by literaure and gatrered field
data.

3.3. COSTSEVALUATION

Today’s logging equpmert rangesanywherefrom chansawto comgex multi-functional
equipment which can fell, delimb, buck and haul to the landing. To sdect specfic
equipment andusethatequipmentprofitaly, loggersshauld know sometling of equipment
costsand howto determire them.
A “machinerate” is a calcubted hourly charge for owning and opeiating a piece of cepital
equipment. Theclassicaapprachwas definedby MATTHEWS (1942)andmorerecertly by
MIYATA (1980). Costsare averayed over the ownerdip life of the as®t to edimate a
constanthourly charge Theformulaehavebeenusedin manyformsas a simple methodof
cost edimation (e.g.BRINKER et al. 2002). The machne rate calculatons are simple, easy
to understad, do not requre detaled cost history, and are constantover the life of the
machine.
However, a numberof auhors (RICKARDS and PASSMORE 1977; STENZzEL et al. 1985;
BURGEssand CuBBAGE 1989) notethelimitations of the machinerate:

- the treatmentof depreciationand interestdoesnot consder the effect on compound

intereston captal recovery

- themachineratedoesnot considerthe effectof tax treatmenfor variouscostcategries

- costsareassumedaonstan (average)for all yearsof ownershp.
While the limitations are well-known, the stardard madine rate is still widely usedfor
quick estimationof madine costswhenactualcostsare unknown (FAO 199).
A more exact approachto estimating machne costs is the discounted cash flow,
incorporatingadditional cost categoies sich as tax effects The defiled calculations are
partcularly importantfor emnomic analyss of expersive equpment(helicopters,yarders,
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harvegers). BUTLER and DYKsSTRA (1981) and TurTs and MiLLs (1982) illustrate the
applicationof discounteccashflow analysisto equpmentredacemendecisons.

While the machinerate method haslimitations, it has advantagedor specfic applications.
The machine rate spreadsheetised here (seenext talles) usesa modified approach to
address someof the staed concerrs with earlier formulationssuchasMIYATA (1980):

- economidife is estimaedaslonger(PETTENELLA andCuToLO 1987; EDWARDS 2001,
AMMAN 2004)

- captal costsare estimatedusing an equivalent anrual cog calculaion (RIGGs 1977,
SARTORI and GALLETTO 1992

- insuranceis calculatedasa % of averageamualinvegment

- salvagevaluesareestmatdbasedn CUBBAGE et al. (1991)

- housng is calculatedas the result of the formula: Vm(0.054CSh), whereVm is the
volumeof the equipment CSh is the initial investmentor the rentrate for the building
and 0.054 is the yearly maintenane cost (% on building value) as depreiation,
interess, maintenancandinsurartes(CrRoss1998; AMMAN 2004)

- potential repair is estimatedas a % of depreciationbut chargedat a variable rate
depending on utilization (SARTORIandGALLETTO 1992; EDWARDS 2001)

- fuel consumpibn is adaptedtaking care of informaton from the owner recods
(HipPoLITI et al. 1980)

- cod of lubricantsis calculatedas percentag of total fuel cog (SAMSET 1972; CROSS
1998; EDWARDS 2001; ASAE 2004)

The spreadBeetalso displays calculatedannial coststo aid compari®n with actual cost
data. Costsfor cable cranesystemsdo not consder the time neededfor mounting and
dismountng the line: this cost shouldbe addedtime by time depending on lengh of the
line (BorTOoLI and SoLARI 1996) and shouldbe divided by the real skiddingtime (in days
or hour,butthisis possibleonly whenthework is finished!).
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Table 3.3.a:evaluatingtractor/skiddeunit cods, fields in greyhaveto be filled by user.

TRACTOR or SKIDDER

WINCH TIRES (x4)

Cost item Symbol Formula Value  Unit Value Value
Initial investment P 296@ € 15000 3000
Salvagevalue S 15%P 4440,3 € 3000
Economiclife (years) n 10 years 10 34
Daily schedulel operaing time DSH 8 h 8 8
Operding time (days) DY 150 days 95 150
Scheduledopenting time SH DSH*DY 120 h 760 12009
Averagevalueof yearlyinvesment Al (P-S¥(n+1)/2ntS 1820 €lyear 9600 1941
Mainterance(rate) RMr 80 % 60
Interestrate R 4 % 4 4
Insurances taxesandhousing ITGr 6 %
Fuel consunption Fc 4 |/h
Lubricantconsumption Lc 0,11 I/h 0,4
Fuel cost Fp 0,9 €l
Lubricantcost Lp 24 €l 2,4
Fixed costs
Depreiation Amm (P-S)n 2516 €lyear 1200 882
Interests In AR 731 €lyear 384 78
Insurances taxesandhousing ITG AFITGr 1097 €lyear
Unit fixed coss OCh  Amm+n+ITG/SH 362 €/h 2,08 0,80
Daily fixed cods OCg Amm+In+ITG/DY 28,% €/day 16,67 6,40
Yearlyfixed cogs OCa Amm+n+ITG 434 €lyear 1584 960
Operating costs
Mainteranceandrepar RM  (Amm*RMr)/SH 1,7 € 0,95
Fuel FC Fc*Fp 3,6 €h
Lubricants LC Lc*Lp 0,26 €/h 0,96
Labor cost wB 148 €h
Unit operatingcosts OpCh RM+FCH.C+WB 20,47  €/h 191
Daily operathg costs OpQy (RM+FC+LC+WB)*DSH 163,77 €/day 15,26
Yearly operatng costs OpCa (RM+FC+LC+WB)*SH 2456 €lyear 1449,6
Partid sum OCh+OpCh 24,09 €/h 3,99 0,80
Hourly unit cost 28,88 €/h
Only machine 13,% €/h
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Table 3.3.1 evaluatingmohle tower yarder(calde crane)unit costs fieldsin grey haveto
be filled by use. In this casethe tower is powered by tracor engne so the fuel

consunptionis null.

MOBILE TOWER ACCESSORIES TIRES (x2)
Cost item Symbol Value Unit Value Value
Initial investment P 55000 € 15200 400
Salhagevalue S 11000 €
Ecanomic life (years) n 15 years 10 4
Daily scheduledperatingiime DSH 6 h 6 9
Opeatingtime (day9 DY 195 days 195 195
Scheduleapeatingtime SH 1170 h 1170 1170
Averagevalueof yearlyinvestn Al 34467 €lyear 8360 250
Maintenancdrate) RMr 60 %
Interestrate R 4 % 4 4
Insurancestaxesandhousng ITGr 2 %
Fuelconsumption Fc 0 I/h
Lubricantconsumption Lc 0,2 I/h
Fuelcost Fp 08 €l
Lubricantcost Lp 2,4 €l
Fixed costs
Depredation Amm 2933 €lyear 1520 100
Interests In 1379 €lyear 334 10
Insurancestaxesandhousng ITG 689 €/year
Unit fixed costs OCh 427 €/h 1,6 01
Daily fixed costs OCg 25,65 €/day 10 1
Yearlyfixed costs OCa 5001 €lyear 1854 110
Operating costs
Maintenanceandrepair RM 1,5 €/h
Fuel FC 0 ¢€/h
Lubricants LC 0,48 €/h
Labor cost WB 14,93 €/h
Unit opeiatingcosts OpCh 16,91 ¢€/h
Daily operatingcosts OpCg 101,49 €/day
Yearly operatingcosts OpCa 19790 €lyear
Partal sum 21,19 €/h 1,6 0,1
Workers 3
Hourly unit cost 52,73 €/h
Only machine 7,94 €/h
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Tale 3.3.c: evaluatng sledgeyarde (fixed cablecrane sysem) unit coss, fields in grey
haveto befilled by use.

SLEDGE YARDER CARRIAGE, ROPES, ACCESSORIES
Cost item Symbol Value Unit Value
Initial investment P 75000 € 2800(¢
Salvagevalue S 15000 €
Econonic life (yeas) n 12 vyears 10
Daily schedled operating time DSH 6 h 6
Operatingime (days) DY 150 days 150
Scheduledperatingtime SH 900 h 900
Averagevalue of yearly investment Al 47500 €lyear 15400
Maintenancdrate) RMr 60 %
Interes rate R 4 % 4
Insurancestaxesandhousing ITGr 2 %
Fuelconsumption Fc 41 I/h
Lubricantconsunption Lc 0,3 I/h
Fuelcost Fp 1,1 €
Lubricantcost Lp 24 €l
Fixed costs
Depreciaton Ammort 5000 €/year 2800
Interess In 1900 €/year 616
Insurancestaxesandhousing ITG 950 €lyear
Unit fixed costs OCh 8,72 €/h 3,8
Daily fixedcosts OCg 52,33 €/day 23
Yearlyfixed costs OCa 7850 €lyear 3416
Operating costs
Maintenanceandrepair RM 3,3 €/h
Fuel FC 4,49 ¢€/h
Lubricants LC 0,72 €/h
Laborcost WB 14,93 €/h
Unit operatingcosts OpCh 2348 €/h
Daily operatingcosts OpCyg 140,85 €/day
Yearly operatingcosts OpCa 21128 €lyear
Partid sum 32,20 €/h 3,8
Workers 5
Hourly unit cost 95,71 €/h
Only machine 21,06 €/h
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Table 3.3.d:evaluding forwarderunit coss, fieldsin greyhaveto befilled by user

VALMET 860.1 GRAB CRANAB C TIRES (x8) TRACKS&CHAINS
Cost item Symbol  Value Unit Value Value Value
Initial invegment P 20000 € 4000 15200 8000
Sdvagevalue S 40000 €
Ecoromiclif e (years) n 8 years 4 4 g
Daily scheduled operding time DSH 8 h 8 8 s
Operatingtime (days) DY 195 days 195 195 150
Schedukdopemtingtime SH 1560 h 1560 1560 1560
Averagevalueof yealy investment Al 130000 €lyear 2500 9500 4500
Maintenance(rate) RMr 60 % 60
Interestrate R 8 % 8 8 §
Insuranes,taxes andhousing ITGr 8 %
Fuel consumpiion Fc 9 I/h
Lubricantconsumption Lc 0,3 I/h 0,2
Fuel cost Fp 09 ¢«
Lubricantcog Lp 24 €l 2,4
Fixed costs
Depreciation Ammort 20000 €lyear 1000 3800 1000
Interests In 10400 €lyear 200 760 360
Insurane@s,taxes andhousing ITG 10400 €lyear
Unit fixed costs OCh 26,15 €/ 0,8 29 09
Daily fixed cogs 0OCg 209,23 €/day 6 23 9
Yealy fixed costs OCa 40800 €lyear 1200 4560 1360
Operating costs
Maintenanceandrepar RM 7,7 €h 0,4
Fuel FC 8,1 €
Lubricants LC 0,72 €/h 0,48
Laba cost WB 18,08 ¢€/h
Unit operatingcosts OpCh 3459 €h 0,9
Daily operating cogs OpCg 276,74 €/day 6,9
Yearly operating costs OpCa 53964 €lyear 1348,8
Patial sum 60,75 €/h 1,6 29 09
Hourly unit cost 66,17  €/h
Only machine 48,09 €/h
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Table 3.3e: evaluatingcableforwarde unit cods, fieldsin grey hawe to befilled by user.
Thecable-forwarderis a forwarderwith bascally two more accessnes:thetilt systemthat
allow the boomworking properly and gain pulling force whenthe machineis on angled

osition,anda rearwinch to help moving up anddown on steepterrans.
JOHN DEERE 810D GRAB/ACCESSORIES TIRES (x8) TRACKS&CHAINS
Cost item Symbol  Value  Unit Value Value Value
Initial investment P 23000 € 12000 15200 8000
Salage value S 46000 €
Economiclife (yeas) n 8 yeas 4 4 g
Daily scheduld operding time DSH 8 h 8 8 s
Operaing time (days) DY 195 days 195 195 150
Scheduled operatngtime SH 1560 h 1560 1560 1560
Av. valueof yealy invesmert Al 14990 €lyear 7500 9500 4500
Mainterarce (rate) RMr 60 % 60
Interestrate R 8 % 8 8 §
Insurarces,taxes andhousing ITGr 8 %
Fuel consumption Fc 9 Ih
Lubricart consumptio Lc 03 Ih 0,1
Fuel cost Fp 09 €I
Lubricart cost Lp 24 €l 2,4
Fixed costs
Depreciation Ammort 23000 €lyear 3000 3800 1000
Interests In 11960 €lyear 600 760 360
Insurarces,taxes andhousing ITG 11960 €lyear
Unit fixed cogs OCh 30,08 €/h 23 29 0,9
Daily fixed costs OCg 240,62 €/day 18 23 9
Yeaty fixed costs OCa 46R0 €/year 3600 4560 1360
Operating costs
Mainterarce andrepair RM 88 ¢€/h 1,2
Fuel FC 81 ¢€/h
Lubricarnts LC 0,72 €/h 0,244
Labor cost wB 18,08 ¢€/h
Unit operaing costs OpCh 3575 €/h 14
Daily operatingcosts OpCg 285,97 €/day 11,2
Yealy opeaating costs OpCa 55764 €lyear 21744
Partialsum 65,82 €/h 37 29 0,9
Hourly unit cost 73,32 €/h
Only machne 55,24 €/h

Theunit costscalculaedin suchaway arethenfill edin the modelto evaluatethe cheapest
systeminsidedifferent assessetbreststands. The user-interfacewindow allow to change
inputsadaptingthemto specificsocial,cultural and technical level ervironment.

3.4. INPUTDATA

To runthe model,five input shapefiles arerequested The Digital Elevaton Model (DEM),
the soil stability and composition the yearly amaunt of rain, the road network ard foreg
assesmientalplaninformation

The model was first deweloped on a small areainside Veneto Region, on the Asiago
highlandsbecausadetaileddaa were alreadyavailable.

The Digital Elevation Model was providedfrom the regional forestand ecoromy head
office (DFEM - Direzione Foresteed Economa Montang. It is a grid fil e that coversall
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the region with a cell sizeprecisionof 25 meters Thefil e is quite heavy,abait 250 Mbites,
so it hasbeencut with the Extract by mask tool (ESR 2009 on the studyarea(figure 3.4.a)
to makes fager opemtiors and calculatons

Legend

asiagoDEM
Value

- High.: 2308 62

o 1751

Figure 3.4.a:location of study areaandthe Digital Elevaton Model

The precisionis notbadcomparingit to Friuli DEM thatis of 40 m, but it would havebeen
betterto havel0 m as Trertino did. Smaler is the cell sizeandmoreprecseareoperations
like conveting featureshapefiles, as roads to raser (seeal figure 3.6.2.d). working with
intege valueswould alsobe preferable.

Soil information wasfound on a cd-rom contaning severalVendo region shapefiles (DEL
FAVERO 2001). The file hascompleteand preciseinformaion about the soil formation,
permeabilityof water, suscetibility to erosion andstablity. All informaton were merged
and a new field called “B_CATEG” was created(table 3.4.a and 3.4.b). This field is
essentialwhen running the model: actually all sals are reclasffied into three stability
categories(figure 3.4.b)to determire gradebility (seenext chapter).Eventhe string values
and field name inside the databaseshauld be the same,andin the sane postion to avad
errors.
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Table 3.4.a:databasdields of soil shapefile, fieldsin graycolor arecompul®ry.

OBJECTID counter -
Shape polygon -
B_CATEG string -
Stability categories numeric Short(2-0)
Name string -
Categoyy string -
Permeabiliy string -
Suseptibility to ercsion string -
Stability string -

Tabe 3.4.b:exampleon how soil categoriesverereclassified Note thatB_ CATEG values
must not differ from “scarsa,ridotta, intermedia, buona, elevatl’ (very low, low,
intermedate,good,high)

Stahlity
categories

category | permea| sueptibility | stability
bility to erosion
catbonatco elevata elevata scara
catbonatco elevata  buona ridotta
silicatico ridotta elevata ridotta

calbonatco- ridotta elevata buora/ridotta
terrigen

calbonatco- ridotta buona buora/ridotta
terrigen

catbonatco ridotta scars/ridotta buona

silicatico ridotta ridotta buona
calbonatco scarsa scars. elevata

Legend

asiagoDEM
Value
High : 2305,62

Low : 245
Stability categories
- 10, low
I 20. interm ediate
I :0. high

Figure 3.4.b:mapof sal stability categories
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The annual amount of rain comesfrom the samecd-rom thansal shapefile (Del Fawero
2001). It is a polyline feature and eat one has a single value (mm/year).Observingthe
regional distributionit is evidert thatit rains heaver on mountinsthanon the plain (figure
3.4.c). Thereis only one essentiafield to run the mocel thathasto be called “A_MM_AA”
(tade 3.4.c) This kind of data arenot easyto be found, sometmesthey canbe gatherd or
bought from regional environmertal agencies(ARPA), otherwise inside welsites there
could be find nice images showingrain lines It is possble to import thos imagesinside
ArcMap, georeferencing them and creatng a new file as needed.Rain values were
reclassifiednto four categories(<700mm; 700-1500 mm; 150032500mm; >2500mm) and
mixed insidea matrix togethemwith soil categoiesto evaluaé gradeadity.

Tabe 3.4.c:datlbasdields of rain shapefie, fieldsin graycolor are compulsay.

OBJECTD counter -
Shape polyline -
A_MM_AA numeric Shat (2 -0)
Shape_lenght numeric Doube (8 —0)

asiagoDEM
Value
High : 2305,62

Low 1245
Stability categories
oo
- 20, intermediate
B :0. nign

g yearly amount of rain

value (mm)
=1

Fi'g'u re 3.4.c:mapof yearr amount andnetoren gradent.

Road network is basedon the regional technical maps (“Carta TecnicaRegimalé’ —
CTR). Thefreedownload of thosemaps canbe doneon the regioral webste througha well
doneweb-GIS (figure 3.4.d)
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Figure 3.4.d:theVenetoweb-GIS page
(http://cartogafico.regione.eneb.it/wpcarbgraficovenetoframegtup.ag)

All mapsare alreadyin a shapéile format including sever& dataas buildings, objects,
rivers, etc... The fact is that working on a big areait is necesary to dowrload a lot of
different mapsandthanmerge (ESRI2006) them obtairing one unique file (figure 3.4.e).
This is only time consumingthe red problemis that thosemapshave bean doneprobably
by differentpeopleat different momentssoit is common to find writing erras, wrong data
or informationwith no coincidenceon what should be the same road.All datwere deeply
checkal beforethe road reclassifiation accading to forest machnes accesdiility. One
new field (“TRANSIT”) wasaddedto thefile databasgtable 3.4.9), this field is necessary
to run the model togetherwith “NUMERO” which must cortain unique valuesfor each
road sector. The roads reclasify was carriedon accordng to avalable informaton asthe
road grading(index relaed to their size and managementand width asrepored in table
3.4.e.andonfigure 3.4.e.

Table 3.4.d:databaefields of roadsshapefik, fieldsin gray color arecompukoly.

Field | Type \ Precision
OBJECTD counter -
Shape polyline ZM -
NUMERO numeric(key-field) double(8-0)
TRANSIT string -
DESCRZ string -
INDEX string -
WIDTH numeric float (4 —0)
Shape Lenght numeric double(8 —0)
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Legend

asiagoDEM
Value

High 2305 82

lLow 245
roads
Transit

skidtrail

FigUre 3.4.e:the studyarearoad network. On the left side rough d
technical map are shown. On the right side roadshave beenclassified accordng to their
accesihility (skidtrail, tracta roador truck road).

ataandregional grid of

Tale 3.4.e:roadscategoresandtheir reclasgication.

ROAD Category Index \ Width (m) | TRANSIT
Access privato 0 0 NO
Sentigo difficile 0 0 NO
Mulattiera 6 2 Skidtrall
Sentigo facile 6 2 Skidtrall
Ponte 1 3 Tractor
Stradacarregggabile 3 3 Tractor
Stradacarrozzabig 3 3 Tractor
Stradadi campa@na 6 3 Tractor
Stradasecondaria 3 5.5 Truck
Stradain costruzione 3 55 Truck
Tracciatoin galleria 3 5.5 Truck
Sottopase strada¢ 3 5.5 Truck
Stradaprincipale 2 7.5 Truck

The regionaldatabasef forest assessmental plans, cdled GPA, was provided from the
regional forest and eaonomy hea office (DFEM — Direzione Foresteed Economia
Montang. It is a polygonshapefile that coversall the regional public properties.The 204
Asiagofored standswereextracedfrom atotal of 136 assessmera plans and6644 stands.
Like the roadsfile, even heresomedatawere not exactor they werelost so it hasbeen
neeced to checkthe original printed verson of the foreg plan. In therewere found more
dataaboutthe prescibed yield andthe yearof cutiing. Informaion abaut the accessibily
and the ground were compaed to a field survey with the aim of determire ground
roughnasvaluesfor each stard (figure 3.4f). All data were updatedinside a new dataset
(tade 3.4.1).
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Figure 3.4.f: the Asiagoforestpropertesandstandterran roughnesglasss

Tabe 3.4.f databasfields of standsshapdile, fieldsin graycolor arecompulsory

OBJECTD counter -

Shape polygon -

C_CODPPA string - -
CUTFCELL numeric float (4 —-0) yieldin m3/gridcdl (sameasDEM)
T_ROUGH numeric shat (2-0) terrainroughnes 0-4
D_SUPTOT numeric double (8 —0) total standarea
E_SUPBOS numeric double (8 —0) foregedstandarea

F FUNZ string - forestfunction (protective— productive)
G_GOoVv string - coppiceor high forest
STAT_R numeric long(4-0) averag heightof trees
ETA R numeric long(4-0) averageageof trees
DMAXR numeric long(4-0) maximumdiameter
DMEDR numeric long(4-0) averagediameter
PHA numeric long(4-0) n. of treesper ha
PROV_UN numeric double (8 —-0) stock/ha
INCR_PER numeric double (8 —0) % yearlyincreme of forest
M_FUST numeric long(4—-0) total high foreststock
M_CED Q numeric long(4—-0) total coppice stock
YEAR numeric long(4—-0) yearof standcutiing
Shape_Lenght  numeric double (8 —0) -

Shape Area numeric double (8 —0)
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3.5. BUILDIN G THE MODEL
3.5.1. Moddl basics

The model, called Forest Operatios Plannng (FOpP) is based on three different
informative layers. The first one corsiders techncal and ecanomical data for each
mechanicakystem,for exampleproductivity (m*h), coss (€/h) and technical limit{see§
3.2 and3.3). Theseelements areenteed inside the modé asparanetersard they strongly
influen@ the chocse of the most suitablehaneging sysgem, techncally andecaiomically.
The se®ond informative layer concen to sylvicultural and asgssmentaldata including
standsboundaries,standng stocks and plannedyield which are neededto calculateunit
costsandto makespetial statistics.The lag informative layeris the mostimportantbeause
is the basis to evalwate the forest accesibility. Both geograpical, climatic and
infrastructuraldataareincluded as Digital Elevation Model, terrainrougmess forestroad
network geologyandhydrology (yealy precipitation, mm/year) Digital dataor userdata
enter the modelasinputs (figure 3.5.1.a) througha window panel(kind of interface).Then
the model starts elabagating the elaboraton time depend on the grid size becauseall
calculatons (morethan150) hawe a cell-basisdependng on the use of geoprocessing tools
inside Spatial analyst (Arcmap, ESRI) The expecied time for a 10 km? area can be 8
minutes if DEM cell is bigge than70 m andreach20 minutesfor 25 m cell size.Outputs
are directly displayedin Arcmapandcanbe usedfor furtherevauationsor compaed with
otherscenarios.

Decision Support System [ OUTPUT |

MODEL

i

GRADEABILITY

| Legend:

OO AT SIS Ry S|

Figure 3.5.1.athe FOpP(Fored Operationd?laming) modé functonal schema.




The modelis built to evaluateharvestsygemsinside high foress, but canbe adgtedto be
used also in coppiceforests We must distinguish high forest sites from coppice ones
becausdf sysemsare involved in both foresttype they have different productvities and
different cods. A solution is to make first evaluations inside high foress and then in
coppiceforeds changingparametersand sekcting apprgriate system.Actually in coppice
foreststracor with winch, high-densty pdyethylere chutes and simple cable yardng
systens are used, insteadof high foress where tracor with winch, forwarder, cable
forwarderandcableyarding sysemswork. Chainsa and harvestercanbe usedfor felling,
other procesingoperationcanbe performedby processrsor debarkng madines Felling
operaton costsor other managementostscanbe adcedinside output *.dbf filesto evaluate
total working site costs(LUBELLO et al. 2007;KRC et al. 2007).

3.5.2. The Arcmap Model Builder

There aremany progamming languayesused for building modek, asC+ (STUCKELBERGER
et al. 2006) Pascal(LUTHY 1998, Visual Basc (MEYER et al. 2001, HRADETzKY and
ScHoPFERR 2001, PRETZSCH et al. 2002, VAATAINEN et al. 2006 and others (statisticd
modek (GELLRICH et al. 2006, GELLRICH et al. 2007) or integer variables models
(BuoNGIOrRNO and GILLESS 2003)), but they are not easyto learn and often they need
powerful computes to be ran. GIS is a goad software to hardle and manipulate
digital/spatialdataand it is possibleto build comgdex procediresto sdve qualitative or
guantitaive problems(SHiBA et al. 1990 ARONOFF 1993, LAARIBI et al. 1993 BiLL and
FRITSCH 1994). The power is given conrecting databaseo data logical structure like
geometies (points, polygons, lines, coordinaes, topologies (positon and boundares
relatedto other adjacet objects),data structures (tablesand databasgsandit is an eay
way to manpulate,to build query andmakestatisics (TOMLINSON 1987, DENSHAM 1991,
KEENAN 1995 CHIRICI et al. 2003. In ArcGIS 9.1 ESRI introdueced a new useful tool
caled ModelBuilder When you right click on the toolbox and add a new model, the
ModelBuilderwindow (figure 3.5.2.8 opers aubmaticallyard providesto you a graphical
environmentin which you canbuild modek (ESR, 2005).

“** Hot Spot Analysis with Rendering
Model Edit  View indow Help

| 8| 4 |wi@| | 5] @iofals x| p]

P

" 2
Il(:]i%ggt F%gﬁ::; Z Score Output
(Getis—grd Gi*) Rendering Layer File
P Results
Field

Figure 3.5.2.atheModelBuilder window showing a short model.

Input
Feature
Class

Distance Band
or Threshold
Distance
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Whenyou startworking with the ModelBuilder window you find that:
- you canbuild a model by stringing processetogether
- you can congruct processedy addirg tools andseting valuesfor the parametersf each
tool
- you canshare paametevaluesbetweenprocesses
- you cansetmodelparanetersinside the ModeBuilder window sothatthe valuesfor these
parametergan be setwhenthe modé is runfrom its dialog box
- you caneditdialogbox with customtips and helps
- you canchangethe defaut diagrampropertes to changethe layout of the model or the
symbology appliedto elements
- you canaddtextlabelsto the display window, elemens, comectorlinesor cusbm scripts
- you cannavigateeasilyin the modelusing thezoomor pantools
- youcaneadly repar aninvalid parametewalue or tool refererce
- you canprint your model andgenerateareport
- you canimport existing modelscreatedn ArcView GIS 3, andyou canexportmodelsto
scriptsor graphicgto shareit.
In geopraessingin ArcGIS, a processis madeby a tool and its parametewvalues (ESRI,
2005). One process,or multiple processs connectedtogetter, createsa model. Each
proces in amodelis in oneof threestates:

- notreadytorun

- readyto run

- hasbeenrun
The stateof a processdependsn the stateof its elemens. A proces is readyto run when
each of its elementsis realy to run. By default, elementsthat are not readyto run are
symbolized in white. An elementis not readyto run if the required parametervalue or
values for that element have not been set. When you initially drag a tool into a
ModelBuilder window, the tool is in a notreadyto-run state becase the required
parameteralueshavenot beenspecified,asthe graphc below shows

}b

Tool

Derived
data

Elementsthat arereadyto run are symbolized with cdors: input (or project) dataelemens
are blue, tool elemerts are yellow, and output daa (derived data) elemens are green. A
proces is readyto run when all elementshavebeensupplied with the requred paraneter
values.
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Whena proces hasrun successfullythe tool and derived dataelemens are displayed with
drop shadows indicating thatthe processhasrun ard the derived datahasbeengenerated
You canalsodecidethe order of tools when running the model by right clicking any tool
and setting priorities.

Oncethemodelhasbeensawed, it is usefu to give it anameard a shortdescription Thisis
possibleenteringthe Generalfolder inside the Model properteswindow. The mocel here
describedvascalledFOpP (ForestOperatonsPlannng)

Defining skidding systems Properties

General ] F',ara_metels] Envimhments] Help ]

HMarme:

1FD|:-P

Label:

4Defining zkidding systems

Diescriptian:

[Define which mecharical zpstems are most suikable for skidding
operations in forest managed areas

Stulesheet:

| =

¥ Store relative path names finstead of absolute paths)

0K | Aula | ]

It is very useful to introducein the models someparametershatwil| be managdby future
usersthroughthe userinterface window. Fromthe building modelwindow it is possilbe to
introducea new varigble by right clicking anytool. Variablesare shown in light blue and
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havea “P” if theyare setasmodel parameer. As in the examplebdow, you may ak the
user to give a new reclassificaton method or you could ask to find this information
selectingit from a*.txt file.

P

7

Reclassify {7)

All your model paraméers are shownas a list in the Parameterdolder insidethe Model
propertieswindow (seeabow). You canorderthem asyou prefer andthe sameorder will
be in theuserinterface. To eachparameer you canalsoinserta commei describirg it or a
shortlinesto helptheuserfillin g or modifying datato adgt the modelto his necessities

== Bafining ddd|ng vyt

A ) e
eands i
[EGI5A T rohymostebbonn mabatands @ Tractor down gradeab
amagalEs | Man sloge percentage for
TEAGIENT rofuvodele\bopg el amencDE W E mwuddg'-a:;m] doeriull B
degands ca traffic abubty
road [wed Beanng capacty). Numbers
[EAGIEAT mdeia gy by et E | corrapond to
iz 1A = 2 werylownad
VEAGISAT mumodebefops mebh il @ taafficabdly
E flr:“ = S w o f => low god tafcabilty
@ [ G5 Twih et Papn meti g @
g
L=
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o ““: T] |
- < —
o) ., | You cam b dafuilt data o
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Figure 3.5.2.b: the FOpP— defining skidding sysemsdialog window

Throudh the Model Propeties window, or if you are a userthrough the Dialog window,
you canenterthe Environmentssettings.
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== Environment Settings

A 2] Help
# General Settings .
Currant Warkspace Environment Settings
[F:\FeriztMadelSlav.mdk EJ
Environment settings specified in this
Scrateh Workspace dialog box are values that will be
[F\FerictModelSlovSeratch,mdb = applied to appropriate results from
running toaols: They can be set
Output Coordinats System hierarchically, meaning that they can
= o be set for the application you are
Az Specified Bel A
| SRR e :—j EJ warking in, o0 they apply to all toals;
|Monts_Mario_Transverse Mercatar for a maodel, so they apply to all
processes within the model; or for a
Default Gutput Z Value particular process within'a model,
| = Enviranments set for a process
within a model will overrride all other
output has 2 Values setting, and environments set for all
|Same.t’-\s Irput L] processes ina mode_l Wi_II override
those set in the application.
Output has M Values
[
|5ame Az Input | Changing the default settings that
will be used is a prerequisite to
SUIPULE ANt = performing geoprocessing tasks. You
IAs Specified Below Li EJ may only be interested in analyzing
Top a small piece of a geographic area,
5128554 626558 such as changing the extent fo_r
Lt Right results, or you may want towrite all
2395167 134148, ]_2433_4@?.134148 results to a Speqﬂc location (for
Bittorn example, changing the current
5091594 626508 watkspace orthe scratch
Snap Raster waotkspace).
|None Li EJ
Cluster Tolerance
| Unknown _YJ
# Raster Analysis Settings
Cell Size )
|15 Specified Below | g -
0K | Cancel | Show Help s>

Figure 3.5.2.c the Environmentssettng window

This is the core of the model, you must set your workspace (input data and output
geodatéases)and your geograpital coordnate sydgem. If you do nat, you could have
problemsin showirg or evenin runnng the mocdel becausegeopocessingtools will not
work properl. It is suggested to setyour input Digital Elevaton Model as mask for the
Output extentand for the Cell size. This will avoid problemsof not exactcoincidence
betweenoutputrastes that coud deriveby same convesionsthatthe modelperforms.|t is
the case of convertingpolylines or polygons into grid or rastersfiles (figure 3.5.2.d): you
may noticesomeloosingdaa nearroadsor nearyour study areabourdaries.
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Right

- DEM

Wrong

Figure 3.5.2.d: anexamge of errorsthat may occurperformingshapeconverson

3.5.3. Organizing data: geodatabases

Whenworking with a model, you needto setthe location of your files in the “environment
settings” window. For this reasontwo folders are needed,one containing input shapefiles,
the other will storeall output-files. But whenclosingArcMap, all those output-fileswill be
deletedbut not thosethat were defined as“parameters’inside the model. All intermediate
calculatonsandmays will belost, but you will savealot of spacean your harddisk. These
folderscontaning geogaphicfiles arecalledgeodtabases
The geodatabase, short for geograhic databaseis the core geogaphic information model
to organize GIS datainto thematic layers and spdial representatios (ESR 20056). The
geodatéaseis a comprehedve seriesof applicaton logic and tools for acessing and
managng GIS data. This apgication logic is acessible in client apgicatons (ArcGIS
Desktop),serverconfigurations(ArcGIS Sener), andlogic-embe&ldedcustomapplications
(ArcGIS Engine). The geodatabases a GIS and datalase managemensysten (DBMS)
standardshasedphysical dat store and is implemenéd on a numberof multiuser and
personaDBMSsandin XML. The geodadbasewasdesignedasan opensimple-georretry
storage model.
Someadvantage®f ageoditabasare:

0 Gedadaabasescan have built-in behavior and are stored completelyin a single

datebase.
0 Largegeodatabasfeatue classesanbe stored seamlesly, nottiled.
o In addtion to genericfeatures,sut as paints, lines and area, you can create
cugom features,suchastransfamers,pipes andparces.
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o Custom featurescan hawe specialbehavior to beter representreatworld objects.
Y ou canusethis behavio to sugport sgohisticated modeling of networks, dataenty
error prevention, customrencering of featwes and cugom forms for inspectingor
entering attributesof featues.

o Eachfeaureis storedasarow in atable. Thevecta shag of thefeatureis storedin
thetabe's shapefield, with the featue attributesin otherfields. Eachtable storesa

fedure class

Contents | Preview ] Metadata ] T
’/J Inputs.idb
Marne | Twpe
_5 Inputs.mdb Personal Geodatabase j— s
5 QutputScratch.mdb Personal Geodatabase | E E:ﬂ:l&irmh.tbx
Erope Fril Toolbo: ! 228 | z755kE
Marne | Type =1 Inputs.mdb
ﬁ dem Personal Gendatabase Raster Dataset Jl f_c-p-lf-_a:u_-:-r--- Microsoft Arcess
precipitation Personal Geodatabase Feature Class | o=aiakE
roads Personal Gendatabase Feature Class N QutputScratch.mdb
sails Personal Gendatabase Feature Class L. | applicazicne Micrasoft Ascess
stands Personal Geodatabase Feature Class J | SOO0KE
study_area Personal Geodatabase Feature Class
Figure 3.5.3.a:thegealaabaseandmodelfil esasshown inside the ArcCatabg (left) and
in the“resourcesnanager’of apersmal compuer (right)

Two typesof geodatabasarchtecturesareavalable: personalgeodatabasesandmultiuser
geodatbass. Persmal geodadbags which are availabe to all ArcGIS users, use the
Microsoft Jet Engirne daabasefile structure to persist GIS datain smaler databases.
Personalgeodatabasesare muchlike file-basd workspacesaandhold databasesip to 2 GB
in size. Microsoft Accessis usedto work with attribute tablesin persona geodatabases
Personalgeodatabsesare ideal for working with smaler datasetdor GIS project and in
smal workgroups.Personalgeodctalasessupport single user edting, and no versioning
supportis provided. Multiuser geodatabass require the use of ArcSDE andwork with a
variety of DBMS storgge mockls (IBM DB2; Informix; Microsoft SQL Server;andOrade,
with or without Oracle Spatial or Locabr). Multiuser geodatabaes are primarily used in
workgroups, departmerd, and enterprisesettings They take full advanage of their
underlying DBMS ardhitecturesto support:

0 Large,continuousGIS databases.

o Manysimultaneousisers.

o0 Longtransactiongndversiored work flows.
Multiusergeodatabaseagadily scde to large sizesand nunbersof users.
Geodatabse XML represent&SRI's openmechanisnfor information interchaige between
geodatdasesand othe extemal systems(i.e.: internet). ESRI operly publishes and
maintainsthe complete gendatabaseschema and contentas an XML specification and
provides exampleimplemenatons to ill ustrat how you can share dataupdatesbetween
heterog@eous sysgems. XML interctange of geospaal informaton to and from the
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geodatdaseis simplified using the geodatabse XML specifcation. Externd applicatiors
can receive XML datastreamsincluding:

0 Exchargeof complde losslesdatasets.

o Interchangeof simple featuresets(much like shapefie interchange).

o Excharge changeonly (Delta) recad setsusing XML streamgo passupdatesand

changesamonggeodatabhsesand otherexternaldata structures.

0 Excharmgeandsharingof full or partialgealatabasstemadetweerArcGIS users.
Geodatabses are relational daabaseghat corntain geograpic information Geodatabases
containfeatureclassesandtabes. Featureclasescanbe organzedinto featue datasets
Featureclassesstore geographic feauresrepresentedspoints, lines,polygors, annotation
dimensions,and multipatches and their attributes. All featureclassesn a featue daiset
share the same coordinate system. Tablesmay containaddtional attributesfor a feature
classor geograplt information, sud asaddresse®r X,y,z coadinates
Many object in a geodatabaseanbe relatedto eachother. For example, tabdes containing
custamer addressesnd billing informatian are related, just as state and county feaure
classesrerelated.To explicitly definetherelationshps betweenobjecs in a geodatabase,
you mud createa relatiorship class Relatonshpslet you use atiributesstoredin arelated
objectto symbolie,label or queryafeatue class(BURROUGH 1986;SmITH et al. 1987).
Featureclasesin a featue datasetcan be organizedinto a geometrc network or a
topology. A geometricnetwork combinesline and point featue classes to model linear
networks - for example, electrical netwaks - and maintainstopological relationships
betweenits featureclassesA topologyis a set of relationships that defineshow thefeatues
in oneor morefeaure classesharegeomety - for examge, cities mud be properly inside
States.

Topology in a geodatabasallows you to repregnt sharedgeamety betveen featues
within a featureclassandbetweendifferent feaure clases.Y ou canorganize the features
in ageodatabasi® createplanartopdogies or geonetric netorks

Featureclassescan sharegeometrywith other featue clasgsin a planar topology. For

exampk, you might define a topologicalrelationship betweerstrees, blocks,block groups,
and censis tracts The street sggmentsdefine the boundary of the block they enclo®.

Groupsof blockscanbe collectedinto block groups andblock groupsinto trads.

A plana topologyis comppsedof a setof nodes edges,andfaces.Whenyou updatethe

bounday of onefeatue, the sharedboundariesare updaedaswell.

=

input features

Figure 3.5.3.lx basisof topology
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Topologically related edge and junction features within a datasetcan be boundinto a
geometic nework. This is usefulwhen the featuresmust be comectedto eachother with
no gaps For example you could organie pipes, vaves, pumys, and feedersinto a water
network

3.5.4. Describing processes of the model

The ForestOperationsPlannng modd is split in two parts to simplify procedues and
reducetherunningtime. Thetwo partsarecalled

1. Defining skiddingsysems (which makesa feasibility analysis)

2. Sydemsoptimizationandcoss ( establshtechntal andecanomicalpreferences)
They may be opered trough the ArcMap todbox by double-clicking the icon. An user
interfacelike that on figure 3.5.2.b will appearand enabé the userto setparametes and
runthetools.

~|- & FOPP Friuli
:On Defining skidding syskems
:On Systems optimization and cosks

The functioning structure of the model is quite intricate (figure 3.5.4.a) andwill be next
explained stepby stepwith diagramsandexamples.
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Figure 3.54.a:the defining skiddng systens and systemsoptimization and coststools
diagrams They include more than 150 stepswhich take from half to one hour running
timedepandingon the size of the planningarea.

3.5.4.1 Defining skidding systems

Thefirst stepof this tool is determning trafficability classesandgradeabiity. Stating from
geology and precipitation the model definesa list of soil trafficabiity clases(AA.VV.
1961; ANDERSON 1985; BONAsSsO 198; AA.VV. 2002. On the basis of the sal
compostion and pH, the geolayy shafile is corverted into a grid file and consequently
reclassifiedinto threestability classeshigh, normalandlow (valuesl1-3 - table3.5.4.1.a).
Therain input shgefile is alsoconvertedinto a grid file andreclassifed into four clases
accordingto the avaageamaunt of rain (values10 - 40). Classesare defined corsidering
the Alpine climate.

The two grid files (stability and h2o_year) are summed (figure 3.5.4.1.a) with algebraic
instrumentsand reclassfied into four gradebility clases (tabde 3.54.1.5. Theseclasses
are used then to selectthe maximum slope to which off-road systemscan move inside
forest(BEKKER 1969; SAMSET 1975; ROWAN 1977; MELLGREN 1980; LOFFLER 1984). The
maximum slope values are setas model paramegrs, so they can be modified by the user
through the modelinterface.Figure 3.5.4.1.bshow an exampleof the output gradeability
file.

Tabe 3.54.1.a:Rechssifyng soil andrain input fil esto evaluategraceablity

Sal stability HIGH NORMAL LOW
Rain mm/yea 1 2 3
<700 10
700-1500 20
15002500 30 LOW (33)
> 2500 40 LOW (42) | VERYLOW (43)
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Figure 3.54.1.a:lay-out for gradealiity calcuktion starting from stards, soil andrain
input shagefiles.

Tabe 3.54.1.b:Maximumslopevaluesaccordng to gradeabity clases

radeability .

Systems High Normal Low  VerylLow

Tractor Uphill 18 15 12 8
Down 23 20 17 13

Forwarder Uphill 32 30 27 22
Down 38 35 32 28

Cable-forw Uphill 63 60 57 53
Down 63 60 57 53

Figure3.54.1.b:a gradeabilityout map |

Consequentlythreebasicmapsare created:the slope, the extracton distanceandthe uphill
or downhill direction(figure 3.5.4.1.c).

The dope is creaed stating from the Digital Elevaion Model usng the slope tod inside
the SpatialAnalysttoolbox. Valuesarecalcdatedin percenage(figure 3.5.4.1d)

The extrection distanceis geneated, startng from the roadsshapefie, by the Euclidean
distancetool (TuCEK and PAcoLA 1999). The maximum distan@ may be changedby the
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user, as defaultit is setup to 1500 m. The map s after reclassied to eliminae a small
error, in fact the cells correspading with the road track havenull value ard this will cawse
awrongchoiceof systemsA new value (we used15 m as average)vassetto thesecells
and a continuoussurfaceis obtained(figure 3.54.1.e).

7
( diecton

Figure 3.54.1.c:FOpPmockel Iay-ou‘tﬁ?Jllc slope, extracton andUpDown mapsevaluaton

4 Slope

47 % . alue En
. k‘,. High ; 230 %
\ “ .-:.' g
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iz

Low ;0 %

Figure 3.5.4.1.d:théslopem

ap

>

Figure 35.4.1e: the extracton distance

map

The evaluationof up and down skiddng direction is a little compicate (figure 3.5.4.1.1).
Vecbr roadsare convertedinto a grid fil e (only truck andtractorroads,skidtrails are not
consideredandthey areusedasa maskto extractvaluesfrom the DEM (the RoadsIm map
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is obtaired). Usingthe PathDistarce allocation tool the valuesof eachroadcell arespread
al over the areaat an equal distan@ from other roads (demRoad grid file). Through a
simple operationperformedwith the map calcubtor) DEM values are subtacted from
demRoadvaluesobtairing a mapwith postive ard negatiwe values.The Up-down grid file
(figure 3.5.4.1.9)is calculatedby a reclassfication of values positive values correspondo
the uphll side (downhill skidding direcion), negative values to the downhill side
(GRIGOLATO 2006).

DEM
' + val
EXTRACTION 1’ DEMROAD =
- val =
| | =4 0
! hag
(]
0
+val| ¢ =
DEMROAD -1 ||
-val 8
-2 S
1]
—
g )
g
Figure 3.54.1.f: showing elementg Figure3.54.1.g:theup-downmap
consideredyeneratinghe up-down grid file

Theevaluationof feasbility mapsis quite similar for the off-roadsysemsandfor the cable
systems, asit is shownin figure 3.54.1.h. The model makesa cell-by-cell evalwation for
both skidding directionsaccordimg to slopeanddistancetechncd limits (CIELO et al. 2003
HippoLITI and PIEGAI 2000) ason table 3.54.1.c. Theseparametergthe blue baloonsin
figure3.54.1.h)may beadaptedo theuser needs.

Tale 3.5.4.1.c techical limits usal in the ArcMap model. The maximum slope varies
accordingto thegradeadity.

Skiddng Downhill Uphill
system maxslope | maxdistarce | maxslope | maxdistane
Tractor/skidder 13-23 300 8-18 150
Towercranes 100 350 100 350
Forwarder 28-38 600 22-32 500
Sledgeyarder 120 900 120 900
Cableforwarder 5063 150 50-63 150

With the technia@l limits information, model is able to determinefeasibleareasfor each
selected skidding system. Output maps (exampe on figure 3.5.4.1i) distinguish the
skidding direction (HEINIMANN 1986 and 1994; LUTHY 1998; KRC 199) and for cable
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systens the modelverify (sat of profile slopeanalyss) thataveage inclination from each
cell to thenearestoadis enoughto guaranteehe gravity functioning (figure3.5.41).

Feasibility analysis

Tractor—TR

Mobile tower
yarders-CC

Forwarder— FO

Sledgeyarder— SY

Cablebrwarder— CF

Figure 3.5.4.1.h:the schemaof tod usedcreatng feasbility maps.In blue balloonsare
model parametes that may be setby the user.Circlesunderlne a sort of profile slope
analysis.

- -~
Small cable cranes

— mads_areal
|:| no slope

|| downehill (3 ropes)
I il (2 ropes)

Figure 3.5.4.1.i:exampleof mobile tower cranesoutput ma(on the left side) andthe
overlayof tractorandforwarder maps(on therightside). The standwith the arrowis the
sameone considerean the modelvalidation paragrap (8 3.6.1)
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Figure 3.5.4.1.1: mohle cablecrane systemgtower yarders)aredividedin two types,the
2 ropescabk systemsskidding uphill andthe 3 ropescalde systemsskidding downhil.
If theterrainshapeand slope arequiteflat or irregular, the feasibili ty mapwil | show “no
slope” areasn which only all-terrainsygemscan work (on theright side)

3.5.4.2 Systems optimization and costs

The secondpart of the FOpP model makesan overlay of all five systemsmaps (tractor,
forwarder,cablecrane,sledgeyarder and calde-forwarder)in two different ways, from a
technicalandanecoromical point of view.

Both algorithms startfrom a basic standclassificaion accading to the terran roughnes
and to the standyield (cutting amaunt). The terran roughressis one limiting factar for the
machineoff-roadmovenent,while the yield influence the productivity of systemsandtheir
choice. If there are lessthan 48 m*ha it is not convenien to relocatebig machine as
forwarder,but to usetracta and winch. Sygdems have so an order of importance:trador
and mobile cablecraresareat samelevel, thenfoll ow the forwarderandsledgeyarderand
last comesthe cableforwarder.According to the definedclassesthe chacewill be doneon
the “im portance’bass. Startng from inputstandshapefile, terran roughnesss reclasdiied
into four levels(values 10 — 40), while theyield is reclasdied into threelevels(valuesO —
2). Thetwo mapsare sunmedandstand clasesareobtaned (figure 3.5.4.2.a).All possible
valuesare shown on table 3.5.4.2.a:to eachvalue is assignedhe mog feasiblesydem
(written in red) and all the other systemswhich could work on the same parameters
combinaion. Whenthe modelmakesthemapoverlay it will sekectsystemsn that order.

P . " =

Figure 3.5.4.2.a:deemmining standclassedor systemsselecton
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Tabe 3.5.4.2.a: matrix of valuesdefining stand classesand order of sysems for their

choice.

Yield m*cell =0 0-3 >3
Roughnes 0 1 2
Smooth 10 10 11 12

TR TR FO

CC/FO/SY/CF CC/FO/SY/CF CC/SY ICF
Uneven 20 20 21 22
TR TR FO

CC/FO/SY/CF CC/FO/SY /CF CC/SY ICF
Rough 30 30 31 32
CC CC CC

FO/SY/CF FO/SYICF FO/SYICF
Veryrough 40 40 41 42
CC CC CC
sy SY SY

N

Figure 3.5.4.2.h exampe of classe®utput map.

The techni@l evaludion algorithm stars from the five systems mapsand peiform an
overlay taking care of classesas definedin table 3.54.2a and figure 3.5.4.2b (figure
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3.5.4.2.c). The procedue looks like compicate, but the used todls are only two, the
reclassify tool and the single output map algebra. The number of sysems and the
distinction betweeruphll anddownhill extracton makecalculaton quite long.

Figure 3.5.4.2.dshows an exampleof technicalsystem evalwation map someareasarenot
reachablelueto distane from roadsor steepslope.

g‘ L
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Figure 3.5.4.2.c:lay-out of the FOpPalgorithm for technicaloutput map

/_Dnun reachable

tractor

small cablecrane

.fnrwarder
.sledge yarder

cable forwarder

Figure 3.5.4.2.d exanple of tecmical systemsutput map.

Throudh the input model window the user can set averagecosts and productivities of
selected systems. With these data the model makesa simde evaluaton of costs The
technicalmapis reclasified andcostsare calcdatedcell-by-cel both per cell andpercubic
meter (figure 3.5.4.2.e).Outputs can be seeas grid mays (figure 3.5.4.2.f) or resumedn
databasetables with some statisticson foregd stard bass (table 3.54.2.b). Minimum,
maximum, averae andtotal costs are calculated.Coss arestrictly dependingon the yield
distributionandthe choiceof systems.
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Figure 3.54.2.f: costmaps, costsarecalculateobell by-cell (left side) or percublc meter
(right side)

Tabe 3.54.2.b:summay statisticsof somestands. Valuesequal 0 meanghatthere will not

be cuttings in the next 10 yeas. Skidding costs vary from 5.5 €/m® where forwarderis

mainly usedto 8.8 where sledje yarder is necessaryo work (standsA223 andA228).

Stand n° AREA MIN MAX MEAN €/cell €/m3 SUM €/stand
A2200 163125 4.98 12.25 7.47 7.62  1948.83
A2210 84375 6.24 15.38 8.81 717  1189.79
A2220 90000 7.62 18.75  11.88 7.92  1710.54
A2230 65625 9.09 22.38 9.85 550  1033.76
A2240 123125 7.51 2516  12.69 8.57  2499.76
A2250 81875 9.85 2425 1494  7.70  1957.13
A2260 90000 0.00 0.00 0.00 0.00 0.00
A2270 178750 1.17 3.91 1.81 785  516.35
A2280 167500 6.04 20.23  10.47 8.80  2806.66
A2290 293750 6.30 21.08 9.48 7.65  4457.70
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Having different prodictivities and costs eachsysem has a unique value per eachcell,
different from values of the other systems.The optimization tool starts from this
assumpion and select the cheapestsystem through a cell statistic tool (choose the
minimum value betweendifferent overlaying grid fil es). The obtainedmap (cost_select) is
comparal with systemscost mags to assignto eachcell the systemswhich corresmpnd to
(tool equal to). The optimd systemsmapis obtaned makng a sumof the previous mags
(obtainal from the comparisonof costssekcion and sygems costg as shown on figure
3.5.4.2.9. The reault map (figure 3.5.4.2.h)is similar to the technical systemmap, but for
exampk the tractor disappeeed becaiseis the lessprodictive systemsvhich meansoneof
the mostexpensivevhere theyield is very low.

|:| cable crane
.forwarder
.slédge yarder

. cable forwarder

Figure 3.5.4.2.h:exampleof optimized sysemsoutput map.
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The optimization method usesthe systemsproductivity functions (figure 3.2.4.89 which
were estimatedgiving correlation to skidding distarce from forest road (PEGAI 1990;
FANARI et al. 1999 DELLA GIACOMA et al. 2002;Zuccoll et al. 2006) Theresultgives a
decreasng value (in m*hour) for eachsysem working far from road (figure 3.5.4.2.).
After this calculation dividing producivitiesby yield it is possble to know how muchtime
skidding opeaationswill lastand how muchthey will cost (figure 3.5.4.2.1). This valueis
suddenlydivided by the yield (cell by cell), transforned in €/m® and a statistic table is
created(table3.5.4.2.c).
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outputmap(€/m>).
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Table 3.54.2.c:summarystatsticsof somestand. Valuesequal 0 meanghatthere will not

be cuttings in the next 10 years.Skidding cods vary from 9.66 €/m® where forwarderis

mainly usedto 16.91wherecablecranesysemsarenecesary(standsA223 andA224).

stand n° AREA MIN MAX MEAN €/cell €m3 SUM €/cell

A2200 167500 0.00 46.29 12.26 1251 3286.82
A2210 84375 8.80 15.56 14.15 11.50 1910.14
A2220 92500 0.00 67.30 21.37 14.25 3162.76
A2230 65625 7.68 84.54 17.29 9.66 1815.56
A2240 123125 10.59 75.26 25.02 16.91 4929.77
A2250 81875 8.33 75.14 24.29 12.52 3182.14
A2260 91875 0.00 0.00 0.00 0.00 0.00
A2270 187500 0.00 11.96 3.28 1424  982.62
A2280 168750 0.00 43.65 14.92 12.53 4027.36
A2290 308750 0.00 64.23 13.31 10.74 6576.31

An interestingstepof the modelwasthe evaluationof how muchwood will be skiddedto
each forest road sedion, and to calculat averagecoss. The schema was implemerted
inside the model (figure 3.5.4.2.m), but after severaltries was eliminatedbecausehere
weresomefunctionalproblems.In fad, thereweretwo joins betveentablesthat hadto be
createdrunningthe modd, but this cawsederrorsand the evaliationneed to be handmade.
Neverthelesseallts (figure 3.5.4.2.n) are interestng becausehey highlight which roads
will supportmoretraffic and will needmore maintenarce.
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Figure 3.5.4.2.m:lay-out for wood skiddingto roadanalysis.

The FOpP model can be sharedwith other researcherby expating andinstaling it asa
simple toolboxin ArcGIS (*.tbx file). Thisis notthe only one way, it canbe exportedas a
txt file or as a programinto a specific language (Pythan) or into a Visual Basic for
Applications(VBA) using ArcObjects. Thereare severalhelps on-line inside the customer
service webstes that everybody codd maodify the model or improve it with own
algorithms.
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Figure 3.5.4.2.n:roadresuts. Thicker areroads,morewood will flow.

3.6. MODEL VALIDATI ON

Model verification and validation (V&V) are esertial partsof the model devebpment
proces if modelsareto be acceptedand usedto sugport decision making. In fact, one of
the very first questioms tha a persm who is promoting a modelis likely to encounteris
“hasyour modelbeenvalidated?’(MAcAL 2005).
Verification is doneto ensue thatthe modelis progammedcorrectly,the algorithms have
been implementedproperlyy and the model does not contain errors, oversights or bugs.
Verification ensuresndeedthat the specificaton is completeand that mistakes have not
been made in implementing the model, thus it doesnot ersure the model sdves an
important problem,meetsa spedfied setof modelrequirementsand correctly reflectsthe
workingsof arealworld process.
Thepracticalverificationis along proces andit shoud takecount that:
- no computational model will ever be fully verified, guaranteeingl00% error-free
implemertation
- ahigh degree of statstical certaintyis all that can be realzedfor any modelasmore cases
aretested

» Statisticd ceraintyisincreasedsimportantcasesaretesed

* In prindple, a properly structuredtestingprogam increaseghe level of certainty

for averified modelto acceptale levels

» Exercie modelfor all possiblecases

* Automaedtestingprocess
- model verification proceed as more tess are performed,erras are identified, and
correctionsare mace to the underlying model, often reailting in retesing requirementgo
ensurecodeintegrity
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- the endresultof verification is tedhnicaly not a verified model, but rather a modd that
haspasseddl theverificationtests!

Validaion ensureghatthe model mees its intendedrequremerts in termsof the method
employed andthe resuls obtained. The ultimate goal of modelvalidation is to make the
model useful in the seng that the model addressedhe right problem, providesaccuate
informationaboutthe systembeingmodeled andto makes the modelactuallyused.

3.6.1 Comparing results with real working sites

A goodway to testthe modelis to compareresuts with some realworking sites.To do this

it was asked to two private entermprises (SAMBUGARO and DALLE AVE from Galio and

Asiago municipalities) which werethe latest operatons and which systemswere usal. To

their answes were addedalso someobservaions taken during a previous study conducted
on cable crane systemson the samearea(TOMASINI 1996). Sevenworking sites were

considered,three using tracior and winch, one using forwarder, two using mobile cable
cranesand one particular site weresledye yarderwasused in parallel with forwarder both

ownedby the sameerterprise The working areawas georeferacedand usedasa mask to

evaluate FOpPresultsusing the summary statistic tods in ArcGIS. Classified cells were

summarizedper each systemand comparedo the realused skidding system.FOpPresuls

were so evaluatedas percentaige of right or wrong edimation (error). It should be pointed
out thatinside eachforeststandFOpPreallt haveto be interpretedby the foresterthatuses
this model and probablyhe will chosethe skidding method by choasing the one with the

majority of cellsinsidethatstard.

Figure 3.6.1.ashows FOpP resultson tracor with winch working sites On the left andon

the right foreststandthe majority of cellswould suggesthe useof theforwarder,but when

the operationswere done this machinewas not avaiable. Inside thesetwo stands,the

forwarcer is better than tractor becaise of quite high values of steepslope and terrain

roughnas.The standshowedn the centerwason avery good terraincondition (gente and

smooth)and cutting amountwasnot so intense,so the tracor is the beg. The competition

betweentractor and forwarderis quite strong now on the Asiagoforeds beausethere are

two madiines,sothe evduation of the model could be consderedquite good Nevetheless
the error is high (only 79 “tracta” cellson 319 total cells of thetreeareas)figure 3.6.1.b.
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Figure 3.6.1.a comparingFOpPresuts on threeworking éiteswhereskidding opemtons
wereperformedwith tracta andwinch.

FOpP results and reality on working sites with tractor and winch
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Figure 3.6.1.b: comparingthe numberof cels whereFOpP resuts suggesthe useof the
tractoragainsthe othersystems.

Insidethe studyarea wasfound only one site where extracton operationswere performed
with theforwarder(it wasalsopaossile to be preentat thattime). Whenthe soil is notwet,
the machire caneasily drive loaded(downhil direcion) on steepslopesup to 38%. During
the loading phasea skilled operatormay be able to reachfelled treesevenon steeper
terrains usingtricks with the boom. This is evenmore easyif the chairsaw operatorfells
treestowardtheright directionsknowingthe needsof the machine. This meaxsthatusinga
terrain Digital Elevation Model with a 25 m definition, same cells, wherethe slopeis too
high andthe modelsuggesfor exampe the use of cablesydems,would be also reachable
by the forwarder. This is the caseof figure 3.6.1.cwherealmostall cels lying on the stand
borders (the browns)would be skidded with forwarder. Greencells will be also easily
reachedastheviolets (butonly in this ca®) becasetheforwarder in usehad a winch with
20 m wire rope (so comparalle as a cabk-forwarder— figure 3.6.1.c). The estimaion of
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forwarderworking aress is quite good the errar is only 19%, but could be lesscorsidering
valid cells alsothosewith tractoror calde-forwarder(13,6%- figure 3.6.1.d).
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Figure 3.61.C compaing FOpPresultson two working sites whereskidding operaions
wereperformedwith forwarder.

FOpP results and reality on working sites with forwarder
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Figure 3.6.1.d: comparingthe numberof cels whereFOpP resuts suggesthe useof the
forwarderagainstthe othersystems.

On those standwherethe terrainparameersaretoo badfor the ground skidding operatiors
the FOpPresultssuggesthe useof cablesystemsThenonly two paranetersinfluencethe
choice betweena mobile tower yarderand a sledge yarder the distancefrom forestroad
and the yield amount.Wheretheyield is very low is would be preferablethe useof tower
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yarderbecausanourting and dismounting time and coss arelower thanthos of a sledge
yarderline setting. The exampés on figure 3.6.1.e showtwo stard well servedby forest
roadwherethe useof calde systemss well edimatedwith a 32.4% erra (figure 3.6.1.1).
The stand on the left side may havwe someprablemsof seting the linesdue to a terraced
terrain and anavera@ slopenea thelimit of function for gravity sydems.
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Figure 3.61l.e coMparingFOpPresuts on two working siteswhereskidding operatims
wereperformedwith calle cranegmohl e tower).

FOpP results and reality on working sites with cable systems
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Figure 3.6.1.f: comparingthe numberof cells where FOpP resuts sugges the use of
cable systemsagainsthe othergroundextracton machnes.

One working site was particdar becae two fored standswere cut at the sametime and
becausetwo systemswere usedin parallel: a sledgeyarderand a forwarde. The cable
systemwasusedon the steepestareawhile the forwarderextracied wood from the easiest
ones (see pictureson figure 3.6.1.g). The model suggesed thesetwo systemsbecase
inside this areathe road negwork is insufficient therewas only an old skidtrail created
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probablyby atrackedtractorfew yearaga Consdering 11 cells thatthe model evaluatedas
un-reachake, theerrorwasverylow (4.4%- figure 3.6.1.h).
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Figure 3.6.1.g compring FOpP reaults on one working siteswhereskidding operatios
wereperformedwith calle cranegmohl e tower).
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Figure 3.6.1.h: comparing the numberof cellswhereFOpPreaults sugges the useof
cable systemsand forwarde together.
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3.6.2 Comparing models on the same area

One goad way to testthe model wasto checkresuls comparng themwith an othermodel
built with more of less the same purpose. This had been possible thank to a strong
collaboration betweenthe University of Padova(Dept. TeSAF) ard the Universty of
Ljubljana(Dept.of Forestry).

KRC (1999 and 2006)develoda SDSSmodel (caled herelDRISI model, becauset runs
on IDRISI geographichsoftwae) to evauatethe sutability and costs of usng different
systerns or machinesfor cutting and skiddng operatioms

The sekctionof skidding systems(technology)andskidding direction is derivedby model,
which makethe determinationof optimal skidding sygem and skidding direction (uphill,
downhill). Wood skidding mapwas detemined by procedire of Multi-Criteria Evaluaton
(MCE) of influential factors summarizedto Multi-Criteria Evaluation method (EASTMAN
1995). By the MCE method the optimd skiddng model was determired. The first stepof
skidding model detemination was procedire for selecton of influertial factors and their
importance. The criteria for influential factor selecton were relatedto significantterrain
standsand opennessconditiors of forestcompariert. The weight of every influential
factorhadto be deteminedon the baseof importanceratio amongthe sekecedfactors. The
weight was derived by pairwise comparissn method (SaATy 1980. For every skidding
model its suitability value showing suitablity gradeon concree ground plot, repregnted
by rastergrid cell was calcubted. The suitability value is related to terrain and stand
conditions expresed by selectedinfluertial factors (terrain slope skiddng distance,
rockiness, soil bearing capacity). The procedurefor suitability value calculation was
summarizedto weighted linear combination of standardizedvaluesof influential factars.
The standardizedralues were derived by postive correlation between influential factor
value and its suitability for eachskiddng model separakly. For instancesteep terrain
slopes have high stardardzed value for cable craneskidding modeland low standadized
value for tractor skidding mocel. The last step of skiddng model deermimation was the
comparson of suitablity indexeson every ground plot expres®d by rastergrid cell. The
suitability index comparisonwas emabded through using of pairwise comparisonmethod
which distributesthe deermination of skidding model on the altogetherinfluence of
selectedinfluential factors.

Skidding method with some additioral data (skidding distances, skidding direcion) was
usedas input data into computerprogram,which had beendevelopedfor forestoperaion
cost calaulation (FireFox sdtware, similar to Access) Basic unit is forest compartment
with specific set of influential factors, derived from forest invenbory (Slovenian Forest
Service data). The program cdculates potental cutting and skidding cost using stardard
times (KosSIR 2003) multiplied by systemhourly cost. Therearealso separatd procedures
devdoped for determinationof standard times for each specific opeitional condiion
(meanthreevolume,skiddingdistance terraincondiionsetc.)andsysemhouly cost(KRC
and KoSIR 2005).
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3.6.2.1 Greece

We testedthe modelsfirst on an areain Greece The area(Valia Kyrna) is placed in the
forestcomplex of Smolicaat rangemountain of Pindos— in Northen Greee. Theforestis
mainly composedy Pinus nigra known in Greeklanguageas“Robola”, and it is a unique
biotope becaus manyrare species areliving there (brown bears,wolves, lynx, etc.) The
road ngwork is old, but every yearthe office of foredry improvesthe networkin orderto
be accessiblenot only for logging; but also for multi-use purpcsesandrecreaibnal ressors
(STERGIADOU 2007) In Greecethe forestryis ecologicaly andlessecaomicaly oriented
and themain reasons that the forestland belongsmainly to the State(SteErGADOU 2006).
Input datawere very roughandinformation about soils and fored managemet neede to
be implementedbefore running the modds. Resuls map ( figure 3.6.2.1.aand 3.6.2.1.h)
were comparedshowingthat IDRISI modelis strictly comectedto the forest stard area,
while ArcMap FOpP model considersthe enire area.Both modelsconsiderthe skidding
direction, butonthe FOpP final reault mapthisis not showed.

R
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Figure 3.6.2.1.a:FOpPmodel results map
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Figure 3.6.2.1.b:IDRISI modelresultsmap

Resuts were also comparedon forest stand basisto check how the shareof different
systens changebetweenmocels. On the IDRISI model (figure 3.6.2.1.c) the share(%) of
systens variesvery little and seens tha only the selecton of marual skidding methodis
correlated to the incrementof yield (R*=0.96). Inside the ArcMap mocdel, the intersity of
cuttings influencesthe choice of the skidding system so, it would be expeced that
increasng the yield, the shareof skidding sydems shouldvary and the most productive
systemshouldincreaseResultson figure 3.6.2.1.d have no statistic approval but the small
tower cranesincrease(R*=0.59) while sledge yarders (low hourly productvity) slowly
decrease Thedifferenceonthenon reachable forest is significant andit dependon theroad
density and on sygemstechical limits set before running the model Here seemsto be
more exactthe FOpP model defining a techntal, environmentaly andeconomicalimit up
to 900 m (sledgeyarders).Forestareassited farer from roadswould requre the building of
new roads, but only if their function has production purposes (that is not the case of this
Greekforest).

Tale 3.6.2.1.a:comparingaverageresultsby standtypologies(tree spedes)

stands yield Slovenian model (%) FOpP model (%)

(species) (m*ha)| manual tractor cable non reach.| tractor  tower sledge non reach.
fagus 0,92 2,0 37,1 57,6 3,3 7,6 44,6 8,9 38,9
pinus heldr. 0,24 1,2 51,9 43,7 3,2 2,4 28,3 10,8 58,5
pinus nigra 0,71 2,2 47,7 47,6 2,5 8,7 35,8 12,2 43,3
quercus 1,73 3,7 44,3 47,1 4,8 3,5 42,3 8,8 45,4
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3.6.2.2 Sovenia

After the first attemp to validate the model on the Greek area,the FOpP model was
modified becausen errorwasfound on a processcalcubtion Someproblemswere related
to the use of ArcMap tods which may incur on errorsif working with floating numbes
(doubk precision after commag. More over, the calculation with floating valuestakes
longertime andit was cheded all the model algorithm to malke the calculaton faster After
thesechangesthe model have beenagain comparedwith the IDRISI model on a huge
produdive forestarea(ab. 1450 km?), charaderizedby steepterrans and low yield forest
coppices (figure 5.3.2a). Herethe running time took about 45 minutes

Study arealies over the border betweenSloveniaandltaly (figure 5.3.23a): it includesthe
mountan communiy of Torre, Natisoneand Collio and four Slovenian municipalities
(Tolmin, Kobarid, Kanal and Brda) raising a total of 143047ha. About 70% (98340ha) of
the areais coveredby forestswhich aremainly broadleaftrees(beechpak ash, horrbeam
mape). Only 10% of forestareais coniferous plartation. On Slovenian side, foredry
databasg (1087 compmartmerts) and road shape-files were available andreadyto be used.
On Italian side only data comingfrom public assessdforestswereavalable: for the private
areas information from Corine Land Coverand Use and forest typologies were joinedto
derive estimation of stocksand allowable cutting volumes.The inpu datapreparingis a
time corsuming work (severaldays)which is neededo runthe modelwithou errors.
Running modelson the samearea wasvery useful: the foreq andterraincharactestics are
changirg beweenlitaly and Slovenia,so eventhe model resuts were expestedto change.
This is clear on table 3.6.2.2.awhere FOpP results are comparedaccordng to the two
country areas:on the Italian side the use of tractorandthe un-reachal# foresthavelower
valuesthan in Slovenia,the use of small mobile cade sydems decraseof 50%. This
variationis dueto two mainreasons:
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» thefirstistheterrainstegonesswvhichis very high ontheltalian side (soit’'s goodto
work with cablesystems)

» secondis the road network. In Slovena thereare 23.1 m/ha as averageof truck
roads, in ltaly the averageroad densty reach 20.5 m/ha. This meanslower
accessibility to forest. Nevatheless,the un-reachableforest in Slovena reached
24% becausehereare big forest areaswithout accessoads The road dersity is
moreregula in Italy and soareconsegenty roaddistarces.

IDRISI modelhada problem that will be correctedn the future becaus what is farer than
1000 m it is consideredo be skiddedby tracor even if thereare no roads (seealsofigure
3.6.2.2.a) In Soveniais alsostill actualthe manualskidding sysemon very steepterrairs
(by the useof gravity force). Comparing the shareof cablesydemsand off-road systens,
the resuts of bothmodels are similar: in Italy off-roadsystemsandcablehavea proporton
of 0.61(29%/46%),n Slovena the proportionis 0.66 (37%/56%).

Tabe 3.6.2.2.a Comparingmodelsoutputcel by cell (only forestarea)

ITALY SLOVENIA SLOVENIA
(ArcMap40mGRID cell) (ArcMap 40mGRID cell) (IDRISI 25mGRID cell)
system  cells(for.) % sydgem  cells(for.) % system cells %

(for.)
Manual 66294 7

Tractor 3608 15 Tractor 33314 9 Tracbor 328939 37
Tower 155962 63 Tower 113078 31 Cable 493808 56
Forwarder 3887 16 Forwarder 7208 20

Sledge 2807 11 Sledge 60665 16

Not reach. 21231 85 Not reach 86490 24 Not reach. 0 0

TOTAL 247745 100 | TOTAL 365633 100 TOTAL 889041 100

Cost of skiddingoperatios arehighly influencedby the yield densty inside standsandby
systens productivities.The choiceof sysemsinside a forestshoutl also be donetrying to
optimizethe operaions redicing all costs

Comparingcost calaulation resultsof the two models there are some differencesdue to
different ways of estimatinghouly caosts. Machinecostsin Sloveria are probablydifferent
thanthosein Italy, thatis why averagecaostspe stard may be quite different Eachmodel
usedits own productivity functionsard coss (table3.6.2.2.b)
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Forest stand n® 26607
Yield (10y): 1101 m3

a

ARCMAP: 28€/m3 < IDRISI: 59 €/m3
Figure 3.6.2.2.a:Foreststandn. 26607 hasno accessoads. The neaestroad is on the
south direction. ArcMap model suggestthe useof sledgeyarder(brown color) up to 900
m; IDRISI suggesthe useof tracor evenif slopeis quite steep(greencolor). Skidding
costsconsequentlyncreasebecausetracor haslow productivities and longer skidding
timesthan a cablesystemin such a situation.

Tabe 3.6.2.2.b:hanestingsystemsunit coss used by modes.

SLOVENIA ITALY
SYSTEM €/hour | €/m° | SYSTEM €/hour | €/m°
Motor manualfelling 11.64| 9.12 | Motor manualfelling 2068 | 8.27
Mechanizedelling 98.77| 7.60
Trador 43.58| 11.25 | Skidder/tractor+ winch 3495| 8.74
Mobile towercrane 109.94| 16.2 | Mobiletower crane 63.00| 12.60
Forwarder 66.17| 5.09
Sledgeyardercrane 98.00 | 24.9D
Cable-forwarder 7000| 7.85

As shownin figure3.6.2.2b, aveiage skidding costshavedifferent valueson sameforest
stands.Therearealsosame very high values (figure 3.6.2.2.c) thatcoud not be explained
(ArcMap modelhasno more than45 €/m® as averageextractioncosts thatis feasibe even
on worst working situaton, consideiing cuting cods and wood price), while values= 0

corregpond on those stands which are not expeded to be harvestd during the forest
assesmientalplan periad. The shae of sysdemsandcost calcukton assimpionsinfluence
the resultaveragecoss: the FOpPmodel edimation is 1.6 €/m® cheaperthan the IDRISI

solution.
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Forest stand n® 27192
Yield (10y): 1504 m3

ARCMAP 25 €/m3 > IDRISI: 17 €/m?3

Figure 3.6.2.2.b: model resultson stard n. 27192 The terrain has an uniform hillside
from north to southwherethereis a forestroad (the redline). Steepslopeis morethan
35%. The FOpPsolution suggestthe use of cablecranesup to 900 m from road, while

IDRISI suggesthe manua skidding up to 200 m andthencabk systemsup to 500 m. If

cuttings will be plamednearthe road, IDRISI solution might be acceptal#, if not, the
useof sledgeyarderwill be the only way to skid wood. The useof tractor on the upper
side of thestand(asIDRISI shows) is quite non-sense.

Comparing IDRISI/ARCMAP total costs results
90

« Cut/skidding costs IDRISI
. - - - -IDRISI average costs

A Cut/skidding costs ARCMAP | |
— - = ARCMAP average costs

75 L)

60 + — g

Sum of cutting and skidding costs €/m3)

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
10 years periodic yield per forest stand (m3)

Figure 3.6.2.2.c:graphcomparing IDRISI vs FOpPaveragecods (€/m°) at forest stand
level on Slovenanside
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Cost differencesat foreststandlevel are quite betterlevelled when consderingaveragest
“road basn” lewel (the roadsiteswherewoaod is piled beforeits trangortaton to the mill,

the costincludesalso cutting operatiors). IDRISI model giveson average0.8 €/m* higher
costs than ArcMap model (figure 3.6.2.2d). Saurce points costs coming from model
outputsare very similar and nearto reality. Comparng ArcMap reaults on differentstate
sides ltalian operationsare 6.3 € more expensive than Slovenigfigure 3.6.2.2.d) due to
different shareof systemsasshowedontabe 3.6.2.2a.
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Figure 3.6.2.2.d: Graph comparing IDRISI vs FOpP averagecods (€/m°) at road side
piling places

3.7. MODEL EVALUA TION

The objective of the model evaluation was to investgate how paranetas influence the
results Betweenall inputs, the extracton distance is the mog important becaus it

determines the feasile working area of eachskidding systemand also the productvities,
and conequentlycosts,in the optimization procedure Other parameterssthe productvity

formulas, the gradeability slopes or the maximum terran roughnes are thought to be
constantinside a study areawhere field studes havebeenconductedon purpose.

The effects of changingextraction distance were testedverifying the variation in the
reachableareaof systemsthe technicaland optimal share of systemsandthe varnation of

averageandtotal standskiddng costs.

Running the defining skidding systems part of the FOpP model, tractor, forwarder and
tower cablesystemshavebeentestedchangng extracion distancefrom 100 to 600 meters
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and consideing equal the downhll and the uphill distance. The first part of the model
determnes systemsmapson the basisof maximumslopesand systemggradeability,while
the terrainroughnesss not takenin count (only on the next optimizing systems and costs).
Comparingthetotal suface of each systemthe mohile tower coversa largerareafollowed
by the forwarderandthenby tractor. This depenmils probably on the slopesdistribution and
on theroadnetworkwhich influencemuchmore the tracor thanthe other two systemsThe
datacorrelation with a logarithmic trendis very high (figure 3.7.a) andit is interestingto
notice that at the sameextractiondistancethe downhill direction is easer than the uphill

direction which coversabout onethird of eachfeasble systemaress.
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Figure 3.7.a:evaluaing the variation of sysemsworking areasaccordingo extraction
distanceinsidethe Asiagoforeststandstudyarea

Theeffect of extractiondistarce wastestedon thetedhnical andoptmal output mags.
Theevaluationon thetechmical mapwasperfamedby modifying the extracton distarnce of
tractor between50 and 500 m and consdering fixed the other sysemsdistance.Resuls
show that the tracta working areaincreaseswith the samelogarithmictrend than figure
3.7.a but the sledgeyarder ard the cable-forwarder systemsare not influencedby this
variation(figure 3.7.band3.7.9.

The evaluaton on the optimized systemmap was performedmodifying at the sane time
forwarderand tower extractiondistances.Reallts (figure 3.7.c and 3.7.e) show that the
tractoris substitute by forwarderif the extracton distanceis farerthan200m. The mobile
tower areaincreasesrery slowly becausdorwarder ard sledgeyarderare cheapemwhen
working atlong distarces with low cutting amount.

Comparingfigure 3.7.d and 3.7e it is clear tha the tedhnical evaludion shows a well
distributed shareof all systemsaccoding to their techncal limits while the optimized
outputmapsuggess the useof the cheapessystems
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obtained with 500 m tracta extractionmap obtained with 200 m forwarder and
distance Blue stands are consideredin theltower extractiondistance. Blue standsare
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The variation of averaye skiddng cost per cubic meter andtotal skidding costs per forest
stand was tested.Four stand were chosen becauseof their different shareof systams,

distribution of slopesandallowed cuttingamount (between0,82 m*/cel, standn® 231,and

2.25 m3cell, stand230). Costswere sunmarizedper eachstandtesting the tracor distarce

between50 and500 m for thetechnicalcostsandthe forwarderand tower sysemsbetween
50 and 400 m for the optimized costs (figure 3.7.f and 3.7.g). Resultsshow that the

variation of thetracor extractian distancehaslow impacton the averagecods basedon the
technicalsystems map (figure 3.7.hH. Also the sumof skidding cods pereachforeststandis

quite constant(figure 3.7i). Correlationvaue is quite high so we could say that tracor

extradion distancehas no influenceon techncal unit cods. Stand229 haslower costs(2

€/m® les3 dueto thelow averageslope andthelarge useof forwarder.
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Total cods dependon the stard areg stands228/230 and 229231 have similar areas,but
stand 229 has lower total skidding costsbecausewnood can be easily skidded with the
forwarderwhich haslower cost thancalle systems

The influenceof the extradion distanceon the optimized costsis more evident (figure
3.7.i). Averge costsdecreasdfirst rapidly, then slowly (the logarithmic correlationhas
high statisticalvalue),influencedby the shareof forwarderandtoweryarderwhich arethe
cheapst systems Costsdecreasef abaut 2 €/m® when extraction distanceis more than
300 m. Total stand skidding costs vary at a different rate (figure 3.7.m) when the
optimizationdoesnot changethe share of systemsansidethe stand:this happensvhenthe
averageslopeis high or flat (stands228and 230), in fact cablesystemsor off-roadsystens
will be selectedas optimal skidding sysemsevenif the extracton distanceparameteris
modified. The reaults highlight how a good systemchoice, whenthe roadinfradructure is
not adequatecould deceaseutilization coss andsoincreasehe wood value.

156



4. RESULTS

The model outputresultsare grid mapsand databae tables The skidding systenms maps
offer goodinformation to the foresterwho hasto makeas®ssmeral plansandmayalso be
usedto evaluateheroad network.

4.1. MODEL OUTPUTS

The ForestOperationsPlaming model provides severaloutput maps which by definition

are spdially referencedThes mapscanbe usedand interpretedoy the foreger who makes
a planningto chosewhich skidding sygem would be the most convenientinside a well

defined area.This is the meanimg of a Spatal Decidon Sugport System,in this casethe
FOpP model is a tool that allow to selectthe extraction sysems. Here five skidding

methodsare consdered, three of themare groundbasedand two are cable-based.Output
maps providesomesolutions on a cdl-by-cel bass, but asit is on thereallife, they shaild

be appliedwith consciousnestt is clearthata forestenerprisecannot own all systemsso
the plannedcuttings insidea foreststandwill be cut andskidded with only onesystem(or

two). The forester hasto usethe outputsas a suggestiona real “support), but he will

take the final decision thatshouldbe donealsotaking count of thelocal enteprisesandof

their skill andownedmachinesAnothe paossbility for the planneris to definetheyield on
an areawhich do not correspand to a single foreststand for exampk on a smalker patt or
on seveal standstrying to conciliate both ecologicalan sylvicultural needswith technical
limits. Moreover,the output cost mags allow the foreder to edimate the wood standng
price (called “macchidico”) and could be usedfor dimensiomng the yield by optimizing

the enterpriseincome. If the forester makes a good plannng and cuttings provide an
economicalgain,hemight be surethat his work will be succesful.

Themodelhasno limit in the sizeof thearea,but therunning time is influenced by the cell

size. For examplethe evduation of the Greekcase (8§ 3.6.2.1)took abait 20 minutesbutthe
DEM in use had 70 m cell resdution. The running time for the Slovenian caseandfor the
Asiagofored took abaut 45-50 minutes:thefirst area (§ 3.6.22) was1450km? with a40 m
cell sizewhile the Asiagoforestwasabout 50 km? with a 25 m cell size(figure 4.1.a).
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Figure 4.1.a:thetechni@l systemsutput mapon the Asiago foreststandsproperty

The tractorwith winch is the skiddingsygem which hasthe strongesttechnicallimits and
for this rea®n its working areais smallerif comparedo that of the other sysems. Output
maps show that the downhill skidding direction is preferredwhen the terrainis smooth
plain and highly stalle. On figure 4.1.b (Asiag area),roadsare sited on valleys so the
downhill directionis mostly prevaling. On the Friuli-VeneziaGiulia study arearoadsare
sited both on the valley bottom and on the mountins ridge and shaildersso the uphill
skidding directionis more spreadOn figure4.1.cit is also possble to naticeinsidethered
rectamgle thedifferentskidding distance betweenthe uphill andthe downhill direction.

The forwarderhasa highe mobility than the tracta due to its six or eight traction wheels
and the height from the ground which allow the machineto work evenon rough suifaces
(roughnesglassn. 2). If theavera@ slopeis nat so highit caneasly work evenon steeper
terrains moving on easypaths and usingthe boom: on figure 4.1.dthe forwardercoveran
areatwo timesbiggerthanthe tracor areaon figure 4.1c.. This is also evidentwhenthe
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maps are overlaid ason figure 4.1.e. Corsiderng that forwarderhas a high productivity,
three timesmorethantractor,and hourly cods areonly two timesmore,its useshouldbe
increasd. Safetyof operaors would beimprovedindeed.
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Figure 4.1.b: the tracta map on the| Figure 4.1.c: the tractor map on the FVG
Asiagoforestarea regon
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Flgure4 1.d theforwardersklddlng map Figure 4.1e overlaying tractor '(dark
green)andforwarder skidding maps

When helpedwith a rear winch included on the forwarder frame it becomea so called
cable-forwarder.Thetechrical limit of the machire is the distancefrom roadthatis limited
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to the cable length. Having the slope little importance,the skidding area is similar to a
buffer of theforestroads(figure 4.1f). If we consderforwarderandcabk-forwarderasan
uniquemachinewe could skid wood from almast all the fored areawith slopeunder 70%,
asonfigure4.1.g.
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igure 4.1: he cableforwarder kiddﬁ Figure 4.1.g: overlayirg forwarder
map. (blue)andcableforwarder skid maps

The evaluaton of skidding mapsfor cabk cranesysemsconrsiders also on a cell-by-cell
basis the averageslope betweeneachpaint and the nearestroad. Cabk sysemsrequire a
minimum slopeto allow the systemworking. If the slope is too low, here consideredess
than 15%, the carriagemay incur into two differentproblems the first is that the gravity
force hasnot enoughpowerto pushthe load down andthe secand is that nea the end of
spansthe carriagecoud not passthe jack or it coud causethe falling of the rope from its
saddle.Output mapshavethreedifferentvalues,one is the skidding uphill area,which is
requireda two ropessystems(mostusedin Italy), the secowl value is the downhill area,
where three ropes systemswork better, and a third value where the wood would be
reachablédutthe avera@ slopeis lessthanthe minimum (figure 4.1.h). Watching the same
resultson a 3D scene(figure 4.1.) it is clearthat same areasare too flat for the cable
systens andit is clearthat otherground systemswill work there.Oneexample on how the
foresterhasto interpretresultsis shownon figure 4.1i: in the centreof thefigure thereare
two paralel roadsand the skiddng direction is for a half uphil and for the other half
downhill. This resultis due to a modé running tool that calculatesthe shortestdistance
from each grid point to the nearestroad (Path Distance Allocation). The distane between
the two roadsis more or less200 m, but any erterprise will neverskid half wood on one
direction and half on the other. Knowing that the two ropessysems are most spreadin
Italy, the foresterwil | plan the useof suchmobie tower craneskidding uphill to the highest
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roadwereprobablyhe will needtoo plana goodplacewereinstalling the tower yarderand
haveenoughspaceo allow piling logs.
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rmads_areal
[ riosope
:| down-hill (3 ropes)
up -hill (2 ropes)
< L L\!

Flgure4 1.h: thesmallcable(toweryarder) Figure 4.1.i: 3D sceneof mobile cable
skidding map systemsskiddingmap

More or lessthe sameevduation is done for the bigger calde crares systemswhich are
usuallymountedon asledje.Onfigure 4.1j feasibk areasare well linkedto forest roads.
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Figure 4.1j: 3D sceneof sledgeyarders red Flgure4 1.k: sledgeyarder and tower

areas are feasble (shadevs identify ridges),| yarder mapsoverlay
yellows hasnot enoughsteepslope

A better evaluationof working areascould be done by using an hydrologicaltool called
watershed which idertify the samefalling rain direction on a mountain shoulder and it
helpstheforesterto seemountainedgesin fact the sledge yarder sysemmay work onlong
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distance but it canrot go up and down over mourtainsas shownon figure 3.5.4.1.1.The
sedgeyarderminimum slope was setto 20% andthe maximum distarce up to 900 m. By
overlaying the reauilts with the tower yarder map (figure 4.1k) the “no slope” areas
coincide. Thereareonly someareasvhereoneof thetwo systemss excluded:wheresteep
slope is betveen 15 and 20% canwork only the tower yarderandfarer than300 m where
only the sledgeyardercanwork. Figure 4.1.k showsvery few areasthat are not reachable
by cablecranessotheroadnetwok coud be consderedasprettygood.

The secondpart of the FOpPmodel makesfirst a sekecion of sydemsby technical limits
and after the selectionis done by optimizing coss. On the techncal selectionall systens
are shownin the outpu map becausehey are sekeced by an importancecriterion which
considerssygems on the basisof their presege on the areaard their importance.The
skidding sygems mapsareoverlaidin this order,firsttracor, thentower yarder,forwarder
sedgeyarderandcale-forwarde (figure 4.1.1). The evaluation of costsby cell is basedon
the productvity andunit costsof systemsand the total amaunt of yield inside eachgrid
cell. Valuesmay reach very high valuesinside those stard with high amount of wood, ason
figure4.1.m.lt is possilke to observethat the evaluation of costs per cell is not so highly
influenced by the choiceof systemghanby the standcutting volume.
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Figure 4.1.I: the techrical sysems output | Figure 4.1.m: the techni@l costs
map evaluaion map

7

The systemoptimization part of the FOpP model usesan algorithm to evaluatesystens
produdivities accordng to the distan@ betweenthe extradion cell and the neareg forest
road. In fact skidding opeations last longerif they are done far from road: the time for
moving both the machire and the carriage increasewith distane. Productivities and
consequentlycods increaseas shavn on figure 4.1.nand4.10. In the ca of the sledge
yarder, costs are classifed into categoriesto highlight the cost gradientand it is also
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possibleto noticehow the stard yield is influencirg theresuts (inside the light greenarea,
the yield is plannedo be 11 m¥ha).
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Theoptimalskiddingsystemsmap(figure 4.1 p) is obtained by overlayng all optimal coss

systenms map and selectirg the one which hasthe lower cost This map can be conmpared
with the technicalsystemmap (figure 4.1.1 or figures3.5.42.dand3.5.4.2.h); whatis clear
is thatthetractordisappeateaving place to moreproducive systemsasthe forwarder. The
choice betweencable crane systemsdependson the amaunt of wood inside stands:if the
yield is low, the sledgeyarder is more convenent even better on large areasand big

distancs, if the yield is concentatedthe tower yarderis more prodiwctive and may work

faste with lower unit costs.Total costs per cell (figure 4.1.q) decreas if comparedto

figure4.1.m,andinside the sameforeststandit is possible to seea sat of gradent where
costsincreag with thedistancefrom roads

Cost per cubic meterare highly influencedby the choiceof skidding systems:on figure

4.1.r cods arecalculatedstartirg from the technicalcog mapwhile on figure4.1.scostsare
obtained from the optimal costsmap. The resuts show that optimized costsarein general
lower thantechnicalcosts,asonecould expeet, but the optimal systemmapis not nearthe
reality becauset excluce the use of the tracor. The technical map gives better sypportto

the foreser who hasto takedecisions evenif sometmesforestenterprisesbuy wood during

public auctionsandthe foresterhasnothing to do.
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The FOpPmodelmay be usedby the foresteras a tool to idenify areaswhereto cut trees
with high or low cost, sothat he could estimae the margnal profit thatis calculaed asthe
differencebetweerwood salesprice ard operaional cod. This consderaton couldbedone
for the first yearsof planning and useddefining cuttings accordirg to the current market
value of wood. In factit would be corveniert to cut ard skid wood from placeswhere
operatonsareexpensie while thewood valueis high. If cutiings aredone on easyforested
areasand the wood value will decreasan the future, only expens/e ares are left and
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operatons could not provide any income.The risk is that yield is not cut for economical
reason®nd theenvironmentahndecdogical aimsof planningarenot satsfied

4.2.RoADS

The classificaton of roads into threediff erentcaegorieshelpthe managr in planningthe

maintenanceand the improvement of the exiging road network. Only by a simple
overlaying of foreg standsand roadsinput file it is possble to evaluatea sott of road
per meability to truck transport (figure 4.2.9. A goad paranete which deribesthis

permeabilityis the road density that can be easily calculted dividing the sum of road

lengths by the sumof forestedarea. The obtainedvauein m/hamay be comparedo other
areasor countries On the Italian Alpine areathe road densty variesfrom 15 to 27 m/ha,

but in Austriaor Switzerlandthis valueis nea 40 m/ha.Theroaddensty shoud be adapted
to the forestfunctions (productive, protective or tourist) andto the meanterrainslope,in

fact skidding operatiors on flat terrans are easiestand off-road systemscan reachfarer

distance from road. On steepterrainsmay be usedcablesysemsthat do not requirehigh

roaddensity,but theyrequire a least a good roaddistribution (paralel roads) andfrequent
and large piling sites. Theseroad structuresare usually too smal to let instdl both the
tower yarderand usea tractoror pile logs for all the working site laging time. Moreover

they are insufficient for the use of truck-mourted processecs (Gebirgsharvester) or for

seting biomassharvestingsites which need placeto park the chipping machineand the
trailer which storesthe material.
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Flgure4.a: therodperméabilimap Figure 4.2b: the forest ccessibility ard its
Areasin bluearenotaccessible. classificdion. Areasin redarenotreadable.

The FOpPmodelresuts highlight the areasthat are not reachable by any of the selected
skidding system(figure 4.2.5. This mapis a good startng point for planningthe building
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of newroads A well plamed roadshauld be useful for asmuchpossble foreg standsand
it should try to reachall theareaif it is a productive forest.As said before, theroad density

is a good paramete that shauld help the foresterin drawinga road track. Using the GIS

softwareit is not easyto evaluatethis value becauset refersto a specific areaard if this

areais bigger,the obtainedvalue may change(as shown in figure 4.2.9. A suggestionto

evaluateroaddensty is to corsidera group of foreststands for exampe all standdying on

the samevalley or on the samemountain shoulder with the sameexpostion or with the

same asesmentalneeds.Then the foreder could comparethesegroups and highlight

where new roads are needed (exampé on figure 4.2.d). Building and constuction

parameterswill be setaccading to the geographyand gedogy (for examplethe average
slope, the width, the road section,ditchesor other rain cathments)andto the roadtransit
destinaton (truck, trador or pubic transi) andfunctions (forestaccesswildfire protection
or tourisy).
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Tands » . 8 -

Figure 4.2 c: the road densityvary accordingto the sizeof t e

left only oneforesttypologyis consideredvith 29.7 m/ha;on the right side a biggerarea
is consideredhaving33.3 m/ha.

The cuttingamountand the estimate costs may be used for a road netwak analysis It is
possibleto quantfy how muchwood will be skidded to eachroad secton in the nextten
yearss of forestassessentby creatinga sort of roadcatchmentsreadqsimilar to theideaof
hydraulic basing. The total amountof wood is summedand can be showedas on figure
4.2 .ewherethe symbolthicknesss increasng togethemwith theamour of wood. Thisis an
important informationbecausehe foreser will haveanideaof how muchspacefor piling
wood will be required and might estimatethe future road transit. Heavy truck traffic
causesthe road surfaceercsion togethe with rain so making this analysis,it will be
possibleto classify roacs by importanceand have a rough edimation of maintenance
needs and costs (KRC 2006).
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Figure 4.2d: an exampleon how grouping foreststandandcalculkting road densitymay
be helpful to highlight areaswhich needmoreroads Inside greenandyellow areasthe
roaddensiy is 31.9 and 32.1 m/hawhile inside red areas,which are productve forest
with very high stockand plannedyield, the value is only 18 m/ha. Plaming new roads
insidethis areashouldbe done.
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Figure 4.2.e:thewood andcost allocation to forestroadsectons

1

Figure4.2 e showsalsotheaverageskidding costsas labelsof eachroadsecton. This value
in strictly connectedto the sha and distribution of road network and can be usedto
evaluatethe effectof a new plannedroad. Moreoverit is a developng ideato usethe FOpP
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model resultsto evaluateand give an objective evaluatian of eachnew road project inside
the “Feltrina” Mourtain Community in Venetoregion. Theideais to give same parametes
that haveto be improved by eachnew prgect asfor examplethe increaseof roaddensity
provide accesgo severalstand and/or propertes and to analyzehow skidding cost are
influen@d by introdudng a new road. This is possible runnng the modeltwo times, the
first beforeandthe secondafterthe introduction of the newroad. Resdt mays of costswill
change showing probably deaeasingcost (figure 4.2f and 4.2.9. The deceasingof
skidding costsmeanghatthe standhg wood value will increasdif the market sellingvalue
is fixed) andit will be possibleto estimat the total gainthat canbe subtractedby the road
building cods or used by the Region asparaneterto judgethe projectandprovide funds.

Table 4.2.a: influence of building a
new road: comparingskidding costs
and estmation of total gain (wood
valueincrement
Stand | Before | After | Difference
n° em® | €m® |bystand
total €:
A223 9.66| 8.86|894.3
A224 16.91| 10.59| 2844.0
A225 12.52| 10.32]| 1808.9
A227 14.24| 9.79| -1856.5
A228 12.53| 10.95| 1126.5
A229 10.74| 9.32]| 1970.7
A232 11.59| 9.07|-277.7
A233 10.91| 9.93]|-344.8
Total gain: 6165.4

R 5
Figure 4.2 f: resultsbefare the newroadbuilding
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5. DISCUSSIONS

5.1. ECOLOGICAL AND FORESTHARVESTING PLANNING

The forest asesment is required in Italy for all the publc propertes ard it is
recomnendedinside all other private and as®ciatedpropertes. The aim of planninghas
two faces, thefirst is to guaanteea sustanabk and environmentally sound managerart of
forests,the secondis to allow the ownerto have an emnomical income by cutting and
selling wood. Forestshave several functions, but untl now only the productivefunction
provided someinterestingmoney. The other functions are now gaining more and more
importancebut theyarenot well paid (it is also quite diffi cult to estimae their value) asfor
exampk the function of carbon sink, the tourist (including hunting and harvestingsmall
fruits) and mairtaining biodiversityfunctions. By Eurgpeanlaw, someforestsareimportant
for the habitatandthe speciedmostly vegetablesard birds) which areliving inside.Other
sensitve forestsare those locatedon wet areasor nearthe water catchmentdor human
purposes.Planning should take count of all functions and provide “instructions” for the
usersto maintainforestsalways at the sameleve withou provoking damagesor decreasing
of value (HEINIMANN 199%). The FOpP model is a helpful tool to help the foreder in
evaluatingthe accessihllity of forestand make easierthe definition of the forestfunction
The modkel canbe usedalsoto deddeif aforeststandhasto becutor if it hasnat enough
wood stock to make operationsecnomical. Money are the main factor to make the
planning operative Insideproductiveforests the plamedyield shoud bewell quantifed to
make hgppy both the owner who sells the wood andthe forestenterprisewhich cut it and
sell it to sawmlls. Ead stepof the sellingchan add somevalueto the materid, in thecas
of the erterprisetheincomeis strictly connectedo the operatonal costs. The modelresuls
maps may help the foreger estimatingthe averageskidding cods inside eachforest stand
and sodefiningthe standng valueof wood (by subtractiig operatonal costsfrom thewood
market value). Inside stards with protection or tourist functons cutings are usuallydone
on small areasandsmall quantities, sothe econome gain is usually negative. This kind of
managemenis usuallyfundedby the Regionthroughthe foreg servicesor shoud be done
by inhalitantsfor their civil rights(a yearly amountof woodfor heatng purposs).

A simplemethodto detemine the minimum sizeof plamedyield wasdefined (LUBELLO et
al. 2007. It is basedon a well know economicprocedue called breakeven analysis
(PoLLINI 1983 which identify the value whereincome and fixed coss are equal.In the
forestrysector fixed costscanbe divided into two categoriesthe machie fixed costsand
the adminstrative costs(including taxes for buying wood and working site relatedcoss
like trandocaton or mountingand dismourting). From the algebraicpoint of view, the
condition to determire the bre&-evenis:

i €
(Lmin : lep) = CfToT |:m3 F - :|
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or L, =Cfi (a
Pimp
where Lpin. = minimum yield size (m°)
Cfror = total fixed cods (€)
Pimp = priceatroadside(€/m3)
But the total fixed costsare divided into machine fixed coss and adminstrative costs:
machinecostsare usually referredto the unit of wood (m®) while the administrativecosts

are not, so the (a) formulahasto be changednto:

Lmin - Pimp = Cfror = Cfror + (Lmin - Cfry) , movingon thefirst part:
(Lmin - Pimp) - (Lmin - Cfn) = Cfror , combiningL min:
Lmin + (Pimp — Cfgn) = Cfror ==
L = CfFOR (b
min RJN

where Cfror = forestmachinedixed caosts (€)
Cfen = administrativefixed costs(€/m?)
Run = residualincome comingfrom: Pimp — Cfg (€/m°)

The obtainedvalueis the minimum amaunt of wood that alow the enterprig to coverall
fixed costs,but somemore morey are neede to make cutiing interesing. This is called
enterpriseincome(udi) andit is calculatedasa percentageof the wood value at roadside.
Theforesterhasto prepare atalde (tabde 5.1.a)of coststo determinetheminimumyield. He
need the standingwood value, the value at road side, machne’s unit cods (which are
plannedto be used, consicering for exampé the FOpP output maps)and an edimated
enterprise income. By subtrating all cost voices from the road side wood value, the
residualincomeis obtained (Ryy) andtotal fixed costsaredividedby it.

Tabe 5.1.a exampleof cost elementsandcalculaton of the minimum yield

costs unit formula
Roadsidewoodvalue 80 |€&/m® Pimp
Standingprice 30 |€m? mac
Cutting operations 0.14 |€/m® tag(e.g.chairsaw)
Skidding operaions 0.59 |€&/m? esb(e.g.towercrang
Transport 2.08 |e/m® lav(e.g. truck)
Enterpriseincome 24 |€m® udi = 30%- Pimp
Residuaincome 23.19 | €¢/m® Run = Pimp-mactagesb-lav-udi
Total fixed cods 2400 | € Cfror
Minimum yield 103 |m® L min = Cfror /Run

It is possibleto draw on a graphhow the minimum yield valueschangeby modifying the
input parameterslif the wood value at road side is fixed, the minimum yield increa®
togeherwith the standirg wood value.If the erterpriseincomeis decreasg, the starding
valuemay increaseg(figure 5.1a) andvice versa.The foreger may useestimaéd values or
known marketprices.This methd is alsousefulfor the entrepeneurwho participateto an
auction becaus, on the basisof theincomehewant to reach he may knowwhich standing
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value hasto offer. For exampe, paying a standingprice of 49 € and estimating a 15% of
enterprise gain, on the baseof figure 5.1.a, the minimum size of cutting shoud be 182m?.
If the cutting is alreadyfixedto 1000 m® and the entrepreneumarts anincomeof 35%, his
offer shouldnotbe more than40 €.

By fixing the enterprse income, the minimum yield decreasewith the increasingof
standingandroadside value (figure 5.1b). Fromthe graph it is possible to seethatbuying
standing wood at 40 €/m® and sdling it at about70 €/m?, the minimum yield should be at
least 1000 m®. On the opposite,knowing that 500 m® have beenboughtat 35 €/m? the
selling price shouldbe morethan 68 €/m®.
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Figure 5.1.a:the variationof yield acomrding to | Figure 5.1b: the varidion of vyield
standingvalueandenterpriseincome. according to road side and standng
value.

Theminimum yield is influencedby the machire’s unit costs but also by the admiristrative
fixed costs In particular the working site costs may have importart variations when
consideringa simple trador or the trandocation of huge machnes like hawvester and
forwarder.Thes machiresrequirea specal transpat with specialtrucks which require a
driving permisson beauseof the outsizedimensbns Even the mounting anddismounting
operatons for a cable systemsmay take severaldays and all thes costs shoull be
considered Moreove, when the working site is far from home, also the costsfor sleepng
and eding of workersshauld beconsdered.

Tabe 5.1.b shows the yield calculaton for different utilization systens: where
administrativecods arehigh, eventheyield is high becausenorewood is required to cover
al fixed cods. It is possibleto notice thatthe yield amount increasewith the increasimg of
the mechanizationlevel. The chipper evaluaton consdersa low standing price beause
such operatons are done on first thinnings and are usualy funded by the Redgon; the
enterpriseincomeof 15%guaraneeslO € income peeachton produced
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Tabe 5.1.h yield calaulation for differentutilization sysems

Standng Machines Enterprie Admin. Roadside ,.

System . ' Yield

value Fixedcosts income cost value

€m? €/m? % € €m? m°
Traditional,buckedlogs 35 1,6 25 1500 80 82
Buckedlogs+ towercrane 35 2,81 25 2400 80 140
Buckedlogs + forwarder 35 4,58 25 2600 80 169
Full treewith cablecraneand
processdatroadside 35 6,04 25 3000 80 215
Harvester+ forwarder 35 12,13 25 3800 80 483
Full treewith cablecraneand
all chippedatroadside 9 11,05 15 3000 32 543

€/t €/t % € €/t t

Firewoodfrom coppice
with p-hd slides 25 11,74 25 1500 120 26

After generalplanning and before starting the working site, it is importart to make a
predse planning This means to identify in which period of the year cuttings have to be
done to preventsoil and tree damaes or animals disturb, but also designopegtionsin
orderto highlight the needof maintain forestroadsor re-opena skidtrail. Thereareseveral
elementghatshouldbe considered for exampe:

A) thetrandocation of machinego the working site andthe need of space A sledgeyarder
would needthe help of a helicagpterwhenthere areno roads or a tower crane would needa
big siteto beinstalled and have enoughspacefor pilingwood

B) the time to reachthe working site andthe time operatorsmay need to reachthe cutting
areainside forest(for exampe it wasmeasired for a sledgeyarde site, wherethe machine
was installed uphil and the skidding direction was downhill to the unique road that the
yarderoperabr neededs5 minutes walking to reachthe yardersited 400 m uphill). This
timeis anonproductive time and mustbe corsideredestmating the site operaton duration.
C) the possibility of having rainy daysor repectthe workersright of askingsomehous or
daysof resting.

D) the operatingsitetha couldberisky for steepslope or instabk ground.

E) the definition of skiddingsystemandthe width of cablecorridor. For examplethe full
tree or the short wood systemmay be dore accordng to the site characterigics. The FT
extradion needa big site where piling and working wood (delimbing and bucking) by the
useof chainsawor processorThe SWSis helpfu whenthereis smal placeat road side or
whenworking with firewood It wasdemorstrated(ZANONI 2007) on the samecorridor that
skidding pieces of wood (2 m long) tied togetherinto 1 ton logs makesin averagel.2
tons/houw moreproductive the calde system(figure 5.1.c). Obvioudy this operdion is time
consumng and cutting may last sone daysmore. It could be a goodsoluton if the piling
site is small or if at the sametime armothercrew is occupedin preparingthe corridor and
mountingtheline.
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Figure 5.1.c: the time influence of full tree and SWS| Figure 5.1.d a picture of
extractionsystemon the samecalle line thecorridor

A projectof Trento Province studied cods linked to firewood extracton. Results showed
that times, productivitiesand costsare strictly connectedto the working site geogaphy,

nevethdessa list price was built making averageof severalstudied cabk cranes(table
5.1.c). The voice “other costs” can be quite high if all points mentoned abowe are not
favorable;the skidding costsare lower if comparng private enterprises and the public

service (forestservies have their own crew and machnes)due to lower interestratesand
fixed costs So the forest senice may work on more difficult terrain with lower costs,
providing inhabitats of their firewood rights and preventing the abandonmenof foress

and thewood importfrom other Europeancountries.

Table 5.1.c:Operaing costsand timesfor cablke sysemsin Trenb province

Opaation Public service  Privateenterprig Unit
cosk costs
Cuttings 12.16 12.16 €N
Tiedfirewood (2 m x 1 ton) 13.39 13.39 €/t
Mounting sledgeyarder 144 144 Operabr hours
Mounting tower yarder 48 48 Operabr hours
Dismountingsledgeyarder 85 85 Operatothours
Dismouwnting toweryarder 30 30 Operatorhours
Skidding operationswith 20.84 24.03 €Nt
dedgeyarder
Skidding operationawith 12.86 17.38 €N
tower yarder
Othercods Upto 35 Upto 35 €/t
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5.2.POSSIBLE UPDATES

The naure andreal life in generalis too much comgicate to be well repregned by any
model so evenif the Forest Operaton Plannng model is quite intricate and corsidess
different paranetersijt is not perfectandmight beimprovedin thefuture.

One of the mog interestingthings that are being dewvelopingis the application of a new
integraed systen called LIDAR which usesboth GPSpostioning and Laser scanne to
gatherterraininformation (figure 5.2a). The sysem s capabé to catchseveralpoints on
the sane vertical postion andsa\e their xyz values;the points densityis usualy more than
1 per squaremeter,but could be more,with the only limitation of the file size thatcanbe
handledby GIS systems(the kriging geogatistical tool hassame prodems working with
files with morethanone million pointg andfor its starageplacesize (the Trento province
file is about 150 Gigahtes). Pants maybedividedinto terrainandvegetaiton points(figure
5.2.b) andinterpolatedobtaining a very precig Digital Terrain Model (the precisioncan
reach0.2-0.5 m, figure 5.2.c) or a sott of vegetaibn canopy (figure 5.2d). This precise
DEM could be usedin the future running the model on small areas.The Lidar dai& could
provide also a moreprecise rasterof terrain roughnessand/orknowing the foresttypologies
and merginginformation with the Lidar caropy (which provide densty andheight of trees)
amore preciserasterof stock and yield could be obtained.

The FOpPmodelworks on a cell-by-cel basis but one lack of the input files wasthat all

informationwerereferredto the foreststand (figure 5.2.e). Stand may be very big, several
hectaes sized,andthe datacould be so quite rough In the future the input datacoud be
gatheredthrough ad hoc surweys or defining fixed small surveys areaswere terrain
classifiation and standimg tree information could be collected. Using such precse input
rastes, the model shouldrun beter and provide more precse reallts. Figure 5.2.f shows

how the input files shauld be created.Thes information coud be gatheredoy the forester
when he makesthe forest planning and could be updatesevey ten years.The forester
alreadydo surveys on plot areasandwe think that making more preciseobsenationsand
saving this data should not be so highly time consumingif comparedto the quality of

informationobtained.
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Figure 5.2.c: comparig DEM W|th 10 m, 5 m, 1m and05m pemson Increa;mg
precisionit is possibleto seeclearlyforestroadsandmicro-scalegeogaphy(TAROLLI and
DALLA FONTANA 2007).

™ | Tarolii P. (2007)
Figure 5. 2 d a 3D sceneof terrainandvegetaton from Lidar data(TAROLLI and DALLA
FONTANA 2007,CAVALLI et al. 2007).
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A more preciseevaluation of terrain gradeabity would include the sal moigure andthe
Conre index measurementThe Conelndex representhe sal bearingcapacityin kPaand
would be a very goodparameterto evaluatethe accestility of forestfor different off-road
systens. Many referancesshow correlations betweenthe Cone Index and the maximum

slope that machnes can climb without slippage Thes formulascould be includedinside
the modelandcalculategradeabity exacty without matricesor compkexrules.

The soil moigure is the water contert of soi which influercesthe off-groundmovement
and thesoil bearingcapadty. It is commonthaton wet soils thefrequentmachinegpassages
createmuddy conditions and conseqent soil compacton with damageghat can be seen
even after severalyears.A goodimplemenaton of the model would add the possibility to

chosethe period of the year or a morthly evaluation of forestaccesibility. Dataasled to

the usercould be no more thanthe average morthly rain frequency. This informationcould

be referred to the soil typeswhich is known they have different attitudeto maintainwater
or not (gravelor well structured sals).

Anothe importantaspecthatherewasnot consderedis the presencef streamsandrivers.

In a future versionof the modelthey shaild be consideredaslimiting factors for the off-

groundvehicles.In fact they are a physicalobstacle(if they arelarge enough and cannot
be crossedby machines,moreovernear their edgesthe sal moisture is higher or on flat

terrain it is frequentto find marshesor peat lands.A shapefile of river shouldbe askedto

the useras input fil e andthe modelcould makea buffer of it and assignto this areaa very
low gradeability. Then rivers could be used as barrierswhen the model run the path
distanceallocation but this will limit alsothe cablesysemsand some solutions shouldbe
foundto solvenew programming prodems
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These are the main possille implemenation of the model, but each of them require new
information to the userand complicate the model functioning. A compromiseshoutl be
done,if we wantthe modelis usedit shoud not be too much comgicate and require too
manyinputsbeausethe userwil | not underdandits functioning and will notfounddata,on
the othe sidethe modd resuts will not be perfect,but shouldbe intergret andusedasan
objective support (this is the aim of Decidon Suppmrt Models!) for taking opetional
decisions.

The Model Builder was a good tool even for building complicake mocels beause its
schemaitc window makes clear the model structure and when testing it is very easyto
undersandwhetre areerras or which tools havenot functionedproperly. After hawe tested
the model several times we think that it should be transhted into a more stable
programmingdanguageasthe Visual Basc for Applicatonsthatinside the ArcGis sdtware
usesthe so call ArcObjects.The VBA language is not so difficult and allow to createa
more interacive user window and outputsor repors with predefinedlegend (colors and
labels)which makeresultsmore clearandeasyto understand andapply.

5.3.PRACTICAL PLANNING APPLICATIONS/EXPERIENCES

Planningis importantwhen forest enterprises or land owner as®ciaions want to ask for
public funds The Rural Developng Plars provide moneyaccordng to specific apgproved
actions.Oneof theadionsis for examplethe techrical devebpmentandskill improvement
of forestenterprisesSonewmachineslike harvestersr forwardersor processrsarnd cable
crares are financed, but their number should be the resut of a studied environmental
planning and politic strategies.It should be take in countfor examplethe yearly available
cutting amountthat is necessaryor the high level fored mechanzation to get madines
produdive andthe work emnanmically feasble. Forestas®ciations (bath of landovner or
enterprises) may assue work continuity and more attention to safety and teachingof
workers. A careful regioral plaming shoud provide funds for a well defined nunber of
machinesto make them work at highe level and correctly (for the operabr safety),this
would bethebasisfor asoadal andeconomicsustairmabledevelgment.

On thenexttwo paragrahs two typesof planring arepresented.

Thefirst caseis the estimatio of the right numberof harveser that could be founded by
regional politics. The GIS softwareis used here just to run simple algotithms on a
geographicalarea defining a working basn for ead machne, optimizing translocation
distance andtotal working site costs.

Thesecondstheapgicaion of the FOpPmodel on a sub-regionalscak. The modelis used
to estimatecutting and skiddng costs,then the wood amount is allocaedto roadsideand
trarsportationcostto the nearestmill are calcubkted.The study was performedto evaluate
strengthand we&knessof wood chainbetweerState boundares.
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5.3.1. A simple regional-scale application

The Veneto region rural develgomert plan for the next years(2007-2013) defines some
actions to developthe forestwork (AA.VV. 2007) Theaxisn. 1 actions provide fundsto
foresterterprisesto buy new technologcal madineswith the aim of innovate and explat
the wood chain.lt is clear thatnot all the enterprisesmay buy an harveser or a forwardey
becauseherewill not be enough woodto makethemwork properlyandprobably theywill
stop with an evidentpublic morey wasing. This is the reasm for such a regionalscale
planning.
As input datawe usedthe registereddataof all cutingsinsidethe Veneb region(thankto
the Direzione Foresteed Ecoromia Montanaof Venetoregion) during the years 2004 and
2005inside both privateandpulic propertes All informaion havebeengeorefeencedfor
the next calculationand analysis(figure 5.31.a). In the year2005 283246 m® have been
cut inside the region,64% on privateasgssedroperies and36%inside private properties.
The averag@ amourn per working site is 184 m*® for public and 141 m® for private
properties,but the medianvalue is lessthan 40, that it meansthat inside more than half
working sitesno more than40 m3 arecut. This isavery low valuethatcoud notjudify the
useof hightechnoloy machnes,and the cods of thar trandocaion indeed.
The present study did not take care of the harvestng head techical limits, like the
maximum diameter of debarkingknives,but consderedonly the standslope as parameter
limiting the machineoff-road movemen We usedthe slope limit at 35% as repated by
many authors (HEINIMANN et al. 1998; STAMPFER 1999; SPINELLI and STAMPFER 2002)
This is not the upperlimit for the harvestermobility, but it is a value that shoud not
influene its working productivity. With the spatal arayst tool in ArcGIS we createa
slope map and we did a zonal statistcs to quantify how much of a stard surfacecanbe
reachedby the machne. The relation betweenaveragestand slope and reachale areais
shown on graph(figure 5.3.1.b)(EMER 2005). The obtainedvalueswere multiplied by the
cutting volume to evaluate the “reachablevood”, calledhereM,,.
Speakingwith entrepereurs (CIEcH 2006; DECoL 2006) we defined that 400 m® is the
minimum wood amountwhich shouldbe cut to coverall variade andtranslocatiorcostsof
the harveste (M4g0). We sdectedthe working siteswith more than 400 m® and thenwe
decidedthat at least2/3 of working siteswill be cut with the traditond methals (small
enterprises),save randomlyreducedthe numberof passble working sitesaccoding to the
formula:

Mu =1/3* 2M4oo (1)
After this evaluationthe averageamount of woodwas340% m®, the 14%of total cuttings.
In the Northern Eurqoe, it is usually known that the ecanomical yearly cut wood for an
harveser would be at least9000-10000 m®, The samewould not be possible in the Al pine
mountahs sowe defined the upperlimit at6000m? peryea.
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Working area according to average stand slope
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Figure 5.3.1.a: all cuttings inside| Figure 5.3.1.b:increasing averagestandslope,
Venetoregion in the 2004 and 2005 | themachire reachablerreadecreases.

years

With the helpof GIS tools we stared to aralyse the working sitesdistribution fir st thinking
to only onemachineworking and continuing increasig the numberof machiresup to five
insideall theregon. For eachstepwe calculatedhe sumof distarcesbetweenthe centreof
the areaandall working siteswith theformula:

Da = X(2*Di*f) )

where D, = sumof distanceqkm)
2*D; = distancebetweereachworking site andthe centre of thearea
f = 1.6, conversionfador to transfam straightline distan@sinto real distarces
(sat of roadcurvyfactor)

and alsothetotal amoun of wood inside eacharea:

Ma = ZMia00 3)

where M, = cutting woodsum(m?)
Miao0 = Working site amountwith morethan400 m’
Theworking areaswerelocatedtaking carethatthe sum of wood amouwnt would be similar

betweenthem. The sameprocadure was done consdering the two yearstogetherand after
this makinganaverage.

Otherusefulinformation werecalcuktedas

- thenumberof days necessaryo cut all the wood amourt inside eacharea:

Ger = Ma/ Pry 4)
wher P,, = averageharvesteproductivity, about80 m*/day
- theaveragdlistancebetweenall sitesand the centre of theareas
Dm=Da/cC (5)
wherec = numberof cuttingsites
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- theaverageyield (m°):
Rn=Ma/c 6)

After the area optimizaion, somecostswerecalcubted asthe: averagenetgain G, (€/m°),
the averagenetgainperworking site (€) and theyearlygainpereacharea(€).
Theaverageetgain(G,) is obtainedwith thefollowing formula:

Gh =V—(Cypt+Cx+Cpct+ Cop + Cp) (7)

where V = averagevood marketvalue at roadside (about 80 €/m?)
Ca = felling coss using the harvester, estimated 17 €/m® as calculatedwith the
adaptedMIYATA (1980)andBRINKER €t al. (2002)methods.
o = skidding costsusingforwarder, estimated 6 €/m*
Cue = trandocationcosts(€/m°), obtanedwith the formula

Cinc= (Dm- 1)/ R (8)

wherei = unit costsfor movingmachire with specialtranspat truck. The coss vary
from 1.3to 20 €/km onthebass of the driving distances

Cop = operatordliving costs(€/m*). Thinking a daily cost (g) of about35 €, it is

calculatel as

Cop=9/(Ma/ Ger) = (9" Ger) / Ma 9)

C, = averagestandingwood value, about 30 e/m?
The averagegain pa working site (Gc, €) dlows to verify if the working sites
trarslocationscods arehigherthanthetotal gain (the convenence). Theusedformulais:

Gc = Gn * Rm (10)
Theyearlygain is calculaed considerimg if the numberof necesaryworking days (Ger, see

formulan. 4) are more or lessthan the estmated machire working days, here200. The
numberof working siteswill be consegentlyreducedo adaptit to harveser productvity:

Ga=G¢*(c/ (G / 200))= (G*c*200)/ G (11)

Resuts show thatthe maximum numbe of madine shoud notexceediv e because¢hereis
not enowgh cuttingwood. The yield distribution is spreadall over the regonal mountainos
area,while thesiteamauntis highly variable andinfluencethe sizeof working areas(figure
5.3.1.c Ontable5.3.14a, resuts about cutting volumesareshown. The distribution andthe
woodamaunt persite mack quite difficult the optimization of thedifferert areas.

We think thatthe optimalnunber of machnesis four.
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Figure 5.3.1.c:theoptimd areasand working sitesdistribution.

Table 5.3.1.a:0ptimal distribution of wood cutting amount(m?®).
| Areal | Area2 | Area3 | Aread | Area5

1 area/madine
2004 27884 - - - -
2005 40056 - - - -

2004-2005 34054 - - - -
2 araasmachines
2004 12036/ 15848 - - -
2005 14387 | 25670 - - -
2004-2005 13296| 32626 - - -
3 arasmachines
2004 10471 13762 3820 - -
2005 22001 9973 8083 - -
2004-2005 10939| 11262 11853 - -
4 areasimachines
2004 9142 3820| 13361 1561 -
2005 12737 8083 9577 9659 -
2004-2005 10939 7449 7433 8233 -

5 areasimachines

20042005 | 10939| 5705| 11458 4286| 1665

Thetable5.3.1.bshowsthe avelagetransbcation coss inside eacharea.Knowing thatthey
consideralso the operatos daily costs,we should saythattheyarequite low. Increasiry the
numberaf working areasthe averae distancedecreaseand conequenly costsdecease.
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Four areasmale avaagedistarceslower than 60 km, this meansthat the opeatorsmight
come back homeeveryday spendingno morethanonehour.

Tabe 5.3.1.b: the translocation casts accordng to the number of working areas The
averagedistancdas shown betveenparerthess.

| Areal | Area2 | Area3 | Aread | Areab
1 area/machine

2004 1.4 - - - -
Distanzamedia| (120) - - - -
2005 1,3 - - - -
(144) - - - -
2004-2005 1,4 - - - -
(133) - - - -
2 areasmachines
2004 1,0 0,8 - - -
(75) (88) - - -
2005 1,1 0,9 - - -
(85) (92) - - -
2004-2005 1,0 0,9 - - -
(82) (91) - - -
3 areasmachines
2004 0,6 0,5 0,8 - -
(71) (48) (63) - -
2005 0,8 0,4 11 - -
(80) (43) (63) - -
2004-2005 0,7 0,5 0,9 - -

(v6) | (45 | (63 - -

4 areasmachines

2004 04 0,8 0,3 0,2 -
(40) (45) (32 (55)

2005 04 0,7 0,3 11 -
(45) (62) (30 (28)

2004-2005 04 0,8 0,3 0,3 -

(43) (56) (32 (36) -

5 araasmachines
2004-2005 0,4 0,3 0,3 0,4 0,8
(42) (33) (30 (31) (8)

As final resultswe calalated total costsfor the four areashypahess. Considenng the
averageprice of wood abou 80 eurcs, the net gain per cubic meter(Gc) is alwayshigher
than 24 euros a 30% that we consicer very good. The distribution of yield deternine a
negdive yearinsidearea4, but the averagedistribution (years2004-2009 allow to four
machinesan economicaly working. In fact, the averageworking site gainis betveen4000
and 1000 euroswhile the averaye yearly gain is betveen47000 and 180000 euros. This
meansthatin the worst casethe erterpiise will coverthe valueof a newmachinein 5 or 6
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yeas, that become 3 or 4 if askng the regional funds. Constdering that an harvester
accordingto its use,hasanaveragemachire life of about 4-6 years,andafter this period it
has still a quite high salvagevalue, the number of four machires seemsto be optimal to
allow asustainableéechrology improvement

Tabe 5.3.1.c:costsevaluationin the caseof four working harvesérs

year area | Totalcosss| Gc | Gn = Ga
2005 Areal 54,7 253 4188 45591
Area?2 55,1 249 10451 164497
Area3 54,7 253 9321 129765
Area4d 54,5 255 -4952 -43743
2004 Areal 54,7 253 4737 52512
Area2 55,0 250 11050 215980
Area3 54,6 254 3883 41850
Aread 55,4 246 10647 254699
average | Areal 54,7 253 4422 48513
2004-2005| Area2? 55,1 249 10812 184090
Area3 54,6 254 6796 81561
Aread 54,6 254 4328 47319

5.3.2. Aninterregional approach: ITA-SLO cooperation

Theaim of thereseach was to investigaé the differencebetveen regionalandinterregional
wood chains. This was possibleby determining foreg operaton and wood transpoting

rough costsinside Italian and Slovenianstudy area(figure 5.3.2a). FOpP model reailts

were usedin orderto identify comma areaswherewood suppy canbe sortedout at the
sameeffectivecod from both Italian andSlovenianfored enerprises

After the evaluationof skiddingsystemsandtheir cods (figure 5.3.2.b), the valuesandthe

harvesable wood neededto be shifted (or allocated) to the nearestroad section for the
evaluationof roadtransportatia to mills.

In order to generatewood souces along road network, from ead foreg road segnent
(public and forest) a road catchnent area was created.Cathmert areasrepresnt areas
where each GRID cell of a continuows surfaceis allocatedto the sameroad segment: it

consiststhus in “moving harvesable wood amount” from eachGRID cell to the closest
road segmentby an Eudidean Allo cation (ESRI 2007). Road segmers preentedthus a
sum of harvestablewood amourt (m*/10y) and its averageforest opemtions unit cost

cutting, skidding and administrationcog as calaulated by S-DSS models. In orde to

distinguishtransportatin from forest to public roadandtrangortaton alongpublic roadto

terminals (sawmill, heaing plant, fibre board mill), a further allocaton wasdone only for

woodallocatedalongforestroads. This secondorocedire moved wood from forestroadsto

the neaest crossing point wherea forestroad cros®s public road(figure 5.32.0).
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Defining source points for log model

1- Defining “road basins”
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Figure 5.3.2.c determiningsourcepoints véluesprooedue.

Tramsportinganalyss

Transporting analysiswas basedon a neworking methalology. Network is a system
throughwhich distribution and transpetation of a genericgoad occurs.lt canbe modelled
as a onedimensionahon-plamar graphor geometrec network compposedby featues where
network connectivty is base on geometic coinciderce. The main purposeof this reseach
approach was to evaluae wood trarspating costs by a real road network distance
optimization. The analysisis thus basedon the spatial distribution of wood sources and
sinks (terminals)alongroadnetwork.

Transporting analysis corsisted in two analysesaccordng to the allocation procedire
applied. First calaulation corsistedon evaluatng wood transmrting from forest road to
road network crossing points by analyshg realts on distance allocaion resuts.
Consequentlya secoml calculaton was sated out on trarspating wood from sources
(crossiry point between forest roads and public roads and allocatian points along public
road)to terminals(sinks) by network analysis

Accordingto GlS-basedresultsconcening the allocated wood from forestroadsto public
roads, the straight line distance betweenforest road cathmerts site and public road
crossirg point was as average 607 m for Slovenian areaand 561 m for Italian area(one
way). To define a close to real transportaton distance,a coefficient basedon the rate
betweenaveageslope of forestareaand maximumaverage slope parametefor forestroad
(fixed in 12%) was considered (BERNETTI and FAGARAzzI 2003). Therefore average
trarsportationdistarce of wood alongforestroadsto souceswere:for Slovenanareal.81
km (oneway) andfor Italian areal.71km (oneway).
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In order to evaluae forest road transportng to main road souces costof 0.90 €/km per
cubic meter(two ways)was consideredn allocation analyss from fored to mainroad. At

this stagewood transportatia is doneby tracior and trailer and then from public roadside
to terminak by truck and trailer combination. Same coss were consdered for both

countries. In this study, transmrtation of 6 m lengthlogs by truck andtrailer wassupposed
The maxmum payload consideed was 40 t (20 t for truck and 20 t for trailer)

correppondng to 54 m® of timber (with a wood dersity of 930 kg/m® - averagevalue for

different broadkaveswood at 50% of moisure conent). According to some studies
(SPINELLI et al. 2007; GRONALT and RAuUcH 2007) a cod index of 0.25 €/km per cubic
meter was consideed. Distance betweeneach souce armd sink was calculatedby a
networking analysis(GRIGOLATO et al. 2005). Thereforeeachsaurcewas characerizedby

transportng distanceoptimisedby the shorestway accading to road network resuts. For

each souce thetotd amountof harvestablevood andits average suply costwasset.

Woodflow anaysis:defining scenarios

Two scenaios were defined in orderto evalwate wood flow betweenltaly and Slovena.
The first scenario(SA) aimsto corsider cods andwood flows as condrained at regional
scale: wood flow of both countrieswithin the county borders.Secondscenario(SB) aims
to showwood flow over countriesborders. In order to simplify the analsis, two terminals
wereconsideredoneon Italian side ard the other on Slovenan side. In SB scenaio wood
can indistindly flow on bothterminals(supply paoints for wood). The two sinks corespond
to two mainwoodindustrialdistricts insidethe study area.

Scenarios(SA and SB) presentresuts concerningthe total cutting volume availablethat
could be supplied(m®) andits supply cog (€/m°).

In the SB case study,woodflow cansupgy both terminals. Total amaunt andaveraye cost
supplying wood to Italian or Sloveniantermiral were calculatel with excel spreadsheet
calculatons on matricesobtainedby aroadnetvorking GIS basedanalyss.

Regionalscak (SA)

Accordingto FOpPforestoperatiors resuts (harnestalle amourt and cos), allocationand
transportationcostswere addedin orderto define the total costof wood flow at regional
scale. A GIS-basednetwok amalysis defined the anount and sugply cost of wood
accordingto the distancebgween the samewood saurcesand sinks. On table 5.3.2.aand
figure5.32.d resultsof regioral scaleflow are reported for both termirals investicated.
Resuts concernl0 yearsschedled forest planning and distanceclassis related to the
supply distancgloneway). Transportatia costincludestwo ways. Resuts at regioral scale
are showedon map (figure 5.3.2.€). Supplycods areidentified atwood souceslocation.
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Table 5.3.2.a constraintof woodflow at regional sale

ITA Distane Sources Volume Accumuated Fores Transpoling TOTAL
volume operaton
km n° m® m’ e/md €/m® e/md
<10 58 175196 17519 26.60 4.9 315
10-20 85 372611 547807 27.16 6.8 34.0
20-30 61 237233 785040 26.73 9.4 36.1
30-40 72 231046 1016086 2840 11.9 40.3
40-50 45 233821 1249907 26.78 14.3 41.1
50-60 19 180261 1430168 2810 16.6 44.7
> 60 1 55974 1486142 32.96 18.5 51.5
m® e/md - e/md
TOTAL 1486142 AVERAGE 28.11 - 39.88
SLO Distane Sources Volume Accumuated Fores Transpoling TOTAL
volume operaton
km n° m? m’ e/md e/md e/md
10 39 67951 67951 27.81 4.8 32.6
10-20 40 48016 115967 18.66 7.4 26.0
20-30 72 114311 230278 20.37 9.8 30.2
30-40 120 200878 431156 2243 11.9 34.3
40-50 69 126163 557319 25.02 14.8 39.8
50-60 12 3912 561231 24.42 16.2 40.6
>60 0 - 561231 - - -
m? e/md - e/md
TOTAL 561231 AVERAGE 2232 - 33.92
E 55
w = = wood flow: ITA
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Figure 5.3.2.d supply cost in relation to distance(two way) from sinks (constained
woodflow atregionalscde)
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Largescale(SB)

Large scalewood flow aralysis supposedthat terminak can be supgied from all sinks of

the area, without consicering borders.

Asit is shown onfigure 5.3.2.ffor the specific cas study on inter-regional supply analysis,
Italian terminalis more costefficient whenit is sugplied by wood souce over 30 km. On

the other side, Slovenian termiral is more costefficient whenit is supplied from sources
within 30 km.

On figure 5.3.2.g map showsan inter-regioral supply area,where wood souces have
approximatelya correponding supply costfor bath terminals the supply basn presentsan
area of 20000 ha, with an available cutting volume of 690000 m*10y and a maximum
differenceon supplycostbetweerthe two teminals of + 2 €/m°.
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Resuts overtheinter-regional suply basn evidencethat Slovenian terminal evenif it has
a lower efficiency in long distanceswpply over Italian area(figure 5.3.2.9), can have
advantageby increasingits intereston Italian wood availability. Inside the inter-regional
basin area,as it is reported on table 5.3.2., Slovenian saurcesgenerallyshow a higher
supply cog but a lower forest operaion costthan Italian sources Slovenianterminal can
find advantageof this situaion expanding the supdy area over Italian boundaries.
Therefore, Sloveniantemminal can potertially take advantgeincreasig sugply amount of
572000 m%/10y. On the other side, Italian terminal coud patentially take advanage of
118000m*/10y comingfrom Slovenianside. Transportabn costhavean influencebetween
24 and 32% on total cost this meangthatif we wantto try reducng wood cod we haveto
intervene in cutting and skidding operatons. One solution could be introducing new
technobgy with higher produdivity or cutting more wood per unit areawhereforesthas
prevaling productivefunction

€55
e = = . wood flow: SLO sink .
50 +— === = wood flow: ITAsink -
. [ 4
L
45 - -
- - —
. . _ — —
40 - s p— —
- —
- —
’¢’
35 - _—
— - - -
L
30 o’
-
25 T T T T T T T T T T 1
<10 20-25 35-40 50-55 65-70 >80
km
Figure5.3.2.f supplycostin relaion to distarce (two way) from sinksfor wood flow at
interregional scale

For this stageof developnentthe resultsshowed that the approacthasbeensuccesful: as
it wasexpectedthe scenariovhich includesregionsin both countriesshowedbeter reaults.

The procedurds almost suitablefor pracical use, wherespecificrecommendationshauld

be presaitedto the stalehdders on both sidesof the state border. Models showedgood

flexibility andreadinesdor practicaluseevenif somegapsand pits havebeendiscovered
(seefor exampe §3.7.2.2)
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Figure 5.3.2.g supfdy basinresulting asinter-regional suppy area by corsidering
maximum differenceon supply costbetweenthetwo terminalsof + 2 €/m®

Tabe 5.3.2.h Souree points locakd inside the interregionaleffective-cost area analysis
accordingto their locationanddestinationoverborders

WOOD
DISTANCE COST FLOW
Forest  Allocation + Total
operaions trarsport

FROM TO average maximum minimum  average awerage average
sources terminals  km km km e/m’ €/m? e/m’ m%/10y
ITA ITA 22 46 10 27.67 8.72 36.38 572000
ITA SLO 27 68 10 27.67 9.9 37.61 572000
SLO SLO 31 48 12 2342 11.13 3455 118000
SLO ITA 31 45 12 2342 11.12 3454 118000

Further studies shouldfollow the commonmarketdevelopnentof this region on oneside
and peculiarities of eachcountry on the other side. In the future the study areashould be
larger and should include greaer numberof mills, platorms, harboursand power plants
along the borde betweenltaly and Slovena. In this it would be possble to seehow the
resultsvary with the sizeof area— it is the queston of cutting volume available transport
costsand marketopportunities. More wood as®rtmens shoud alsobe consideed astheir
different valueson the side of saurces(wherethey areproduced andsinks (where theyare
consunedor processéd). Largerareashoutl give better reault of optimal scenariosFor this
purposethe sametechnologial models for specific terrain and stand condiions on both
sidesof bordershouldbe chosen,andtypical machne andlabaour configuration shouldbe
defined for eachtechnolog including long distarce transmrt. Technobgiescan be same
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with minor specific differenas betweencountries. The sameis true also with cost
calculations which differ in some degree and daily performances which shoud be
calculatedfor choenmachineson thebass of futuretime studes.

The reaults of this study showedin sonme caseqby fores compartmenbn figure 3.6.22.c)
extreme differences,but closer analysis showed that it is normal result under certain
combination of variabks.It was alrealy discused(LUBELLO et al. 2007) the possibilty to
use in minor extend a stachastic (randomisedwithin chosen range)variables(i.e. daily
performances,skidding distances tree size, assonnent structure within stand type etc)
insteadof puredetermingtic apprach On this way we could level differentinfluenceson
largerscale.Thereis alwaysa challengeto validateandprovetheresuts by observaton (or
guestionnairejn thereallife, butthisis for the time beinga distantfuture goal
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6. CONCLUSIONS

The ForestOperationPlanning model wasthoughtasa helpful decison support tool for an
integraed forestand hawvestingplaming. The integraton of different agectslike terrain
evaluation, skidding sysems and their technical limits, productvities and costs,
assesmentalplansdata andforestroad network was successfu Requring only five input
files (we admitthatthey arenct alwaysso easyto fulfill') the modelprovide preciseoutput
maps which canbe usedandinterpretedor different purposs.As shovedinside this work,
outputsmay be helpful bath on small andon big scaleplanning andcan be integratedwith
othersimple applcations.The use of GIS softwaresis still increasingandwe think thatalso
the numberof toolsandmodelswill increaseThe FOpP modéd herepresetedis surely not
the first andlag version but it will slowly changein the future, implemening it with new
functionsor newalgorithms, programminglanguag anduserwindows. Theintroduction of
new technologiesas Lidar and new forest plaming proceduresas the dataand suneys
required, might allow more and more preciseevalations. So we hope that in the future
forestes will usethe model during the planningphase: we tried to demorstrae thatit is
helpful evaluating the cheapest and environmentalyy sound skiddng system,calculating
and optimizing utilization costsand that is a good instrumentto judge the road network
insideaforest area.

If all operatorsof the forestsectorsapply for improvingtheir “ring” of the wood chain,the
wood might be the bestmaterialfor the future for anykind of use, from building houseso
heatingand maybeproducingfuel... andit will beecobgicdly andenvironmentdly sound.
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