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Tiraretronchièdannatamentedifficile.
È comecondurrel’ esistenzaprevedendoneil futuro
edèquindi un’artenondatutti.
Occorreessereaddestratiasoffrire fin dapiccoli.
La pianta,mentrescivoladietroal tuopasso,
è viva e beneintenzionata,
manonpuòevitaretutti gli ostacolidel percorso,
e quandononscorrepiù, bisognatrascinarla.
A volte tutto vabenee il troncofila veloce
e senzaintoppi, mapiù spessosi impunta,
si piantacol nasonel terreno, si ferma,si bloccadi colpo
segandoti la volontànellostrappodellafrenata.
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RIASSUNTO

Secondoquantoriportanoi dati del recenteinventario forestale, le foreste italianecrescono
annualmentedell’uno percentochecorrispondea circa 100000ettari. Una delle cause è il
generaleabbandono della montagnae delle attività di agricoltura montana che lasciano
spazi apertialla ricolonizzazionedel bosco, ma anche il mercato del lavoro in boscoe del
legno hanno dato il loro contributo. Da una lato infatti il costo del lavoro è andato
crescendo, dall’altro il valore del legno, in piedi e all’imposto, è calato a livelli tali da
renderenon convenienteil taglio e l’esbosco del legname. Parallelamente il bosco ha
acquisito valore in relazionead altre funzioni quali la conservazione della biodiversità, la
protezione dal rischio idrogeologico, le attivi tà turistico-ricreative e non ultima quella
dell’accumulo del carbonio.Anchela certificazione forestale ha interferito con il mercato
del legno,in parte positivamenterilasciando un marchio di qualità e di gestionesostenibili
ai prodotti locali, dall’altro haimpostoregole che limitano la determinazione dellaripresaa
menodi quellocheè l’incrementoannuo.Ciò porta inevitabilmente a un aumento costante
della provvigione dei nostri boschi e influisce sui costi di utili zzazione poiché la
produttività delle operazionirimanesempre piuttosto bassa. Anche l’i ntroduzionedi una
meccanizzazione avanzatasembra essere possibile solo in presenza di determinate
condizioni. Tuttavial’industria del legno,soprattutto del mobile, e il nuovointeresseverso
l’util izzo delle biomasseforestali a scopi energetici sono in continuacrescita. A trarne
vantaggio è statol’import del legnameprovenientedall’est Europadovela manodoperaha
costi più bassiedovela selvicolturaconsenteancoradi effettuaretagli a raso.
A livello di pianifi cazione,alcuneregioni hanno introdotto nuovenorme per la redazione
dei piani di assestamento,ma è ancoradiffic ile trovare indicazioni precise riguardo alle
caratteristichedi accessibilitàe percorribilitàdelle particelle nonché delle motivazioni che
spingonol’assestatore a consigliare un sistema di utilizzazionepiuttostoche un altro. Una
scelta errata(seaggiuntaa unamartellatadel lotto mal eseguita)nonsolo può far lievitarei
costi e scoraggiarel’impresa forestaleadeseguireinterventi simili in unadataarea,mapuò
ancheessere causadi danni inevitabili al suoloe al popolamento e, nel caso più estremo,
indurreanon eseguire il tagliopregiudicandoe annullandol’utilità della pianificazione.
Il modello per la pianificazione integratadei sistemi di utilizzazione (FOpPmodel) mira a
fornire valide alternative al pianificatorenellascelta dei sistemi di utilizzazione, supportate
anchedall’analisieconomicadegli interventie dall’effetto chepossonoaveresul valore del
legname. L’interpretazione dei risultati del modello può inoltre essere utile nella
valutazione del grado di infrastrutture viarie, evidenziando aree carenti o aiutando il
politico a valutare progetti e a indirizzare eventuali contributi finalizzati alla loro
costruzione.
Le fasi di abbattimentovengono generalmente effettuate a mano con l’utilizzo della
motosega, l’harvesterè presentenell’areadi studio, ma spesso vieneutilizzato solo come
processore perchéi diametridelle piante superanoi limit i tecnici delle testateabbattitrici.
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Quello che influenzamaggiormentei costi di allestimento dei lotti di legname è dunque
l’operazionedi esbosco.Ci sono molte sfumature, molte marchee tecnologie diverse
util izzate dalle impreseforestali, ma per semplificare si è deciso di selezionare cinque
tipologie nelle quali possonorientraretutti i sistemi. Tra i sistemi off-road è statoscelto il
trattore con verricello, il forwarder e il cable-forwarder. Quest’ultimo, seppure arrivato in
commercio dapochi anni,potràsoppiantare il forwarderperchéè adattoa lavorareanchesu
pendenzeelevate, tipichedelleforestealpine italiane.I sistemi di esboscosufunesonostati
raggruppati in duecategorie,le gru a cavomobili e le gru a stazionemotrice semifissasu
argano.Di ognuno dei cinquesistemisi sonomonitorate le produttività attraverso l’analisi
dei tempi di lavoro raccolti in diversi cantieri in bosco e si è tentato di ricavare delle
formule che mettesseroin relazione la distanzadi esboscoda strada con la produttività.
Sulla basedi questidati sonostaticalcolati i costi unitari. Per ogni sistemasi sono definiti i
limi ti tecniciperpoter operare:nel casodei sistemi off-road si sonopresi in considerazione
l’accidentalitàdel terreno,la pendenza,la distanzada stradae la portanza del suolo, per i
sistemi su fune è sufficienteconsiderarela distanza da strada e la pendenzaminima di
funzionamentodella linea (che opera solitamente a gravità). L’insieme dei parametri
costituiscele regolesullequali si basail modello.
Molto importante per rendereun modello utilizzabile è cercare di limitare il numero di
informazioni richiesteall’utente. Il reperimento e la preparazione dei dati richiedespesso
grandedispendio di tempo.Perquestomotivo il FOpP modelè statocostruito basandosisui
dati chesono generalmentedisponibili o reperibili presso gli enti regionali (webGIS) o nei
piani di assestamento.Si stainoltre sempre più diffondendol’utiliz zo di databasee files già
pronti per l’utilizzo con strumentiGIS. Cinque informazioni sono necessarieper far girare
il modello: il Modello Digitale del Terreno(DEM), la classificazionedei suoli, i dati medi
di precipitazioneannui, la retedellestradeforestalie i dati dei piani di assestamento.
Questishape-files devonoessere inseriti in un Geodatabaseperpoteresseregestiti in modo
più veloce e sicuronella prevenzione di errori di calcolo. Il funzionamento del modello si
basasull’utilizzo degli strumenti(tools) di Geoprocessing di ArcMap (ESRI) ed è stato
generatocon ModelBuilder, interfaccia operativa grafica che consente di creare nuovi
strumenti in ArcGIS (Toolboxes), di poterli condividere con altri ricercatori e di poterli
esportare o integrareattraversolinguaggidi programmazionemolto diffusi. La creazionedi
una mascheradi dialogo, supportatada un testoinformativo a tergo, consenteall’utentedi
modificarei parametriadattandoil modelloalle proprienecessità.
Successivamentealla suacreazioneil modello è statosottoposto a unavalidazioneeseguita
in due modi diversi. È stata effettuata una intervista ad alcune imprese forestali per
recuperare informazioni relativealla localizzazione e alle attrezzature utilizzate in cantieri
di utilizzazione effettuatiin passato.Inoltre, sottoponendouna mappaai responsabilidi una
ditta che utilizza il forwarder, si sonoindividuate delle aree dovesecondoloro potrebbe
lavorare. Questi risultati cono stati confrontati con i risultati del modello per valutare
quanto sia vicino alla realtà.Un altro metododi validazione ha confrontato le mappedel
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FOpPmodelconquelleprodottedaun modello molto simile sviluppatoin Slovenia. Basati
entrambi su parametri molto simili, hannorivelato notevoli differenzeper quanto riguarda
l’util izzo del trattoree delle gru a cavo. In particolare, il FOpPmodel si è rivelato più
precisonell’individuazionedelleareenon raggiungibili dai sistemi di utilizzazione.
Sono state eseguite anchealcune proveper saggiare la sensibilità del modello. Si è testato
come variano i risultati al variare dei parametriche definiscono i limiti tecnici delle
attrezzature.Si è analizzatoin particolare come varianoi costi di esbosco e la percentuale
di areacoperta daogni sistemadi utilizzazioneal variare della distanzamassima di esbosco
di forwarder e gru a cavomobile. Si è testataanche la possibilità di effettuare il calcolo
selezionandosolo alcuneattrezzaturee si è verificatocome questoinfluisce sulle areenon
raggiungibili.
Le mappeottenute dalleelaborazionidel modello sonofacilmenteinterpretabili e leggibili,
riportanodelle utili legendechepermettonodi identificare in qualeareaogni sistema può
intervenire.Ad un primo risultatocheanalizza la fattibilità degli interventi di utili zzazione
segueunasortadi analisieconomica.Si ottengonoinfatti dellemappeche riportanoil costo
delle operazionidi esboscosia per cella (della mappa in raster) sia per metro cubo di
legname.È così possibile effettuaredelle utili statistiche perogni particella assestamentale
e prevederel’economicitàdegli interventisulla base delle prescrizioneprevistedal pianodi
assestamento o economico.Una interessante applicazione riguarda le strade forestali:
facendofluire il legnamea stradaè possibile stimarequanti metri cubi verranno esboscati
su ogni specificotrattodi stradae prevederecosì qualesarà il traffico di automezzichela
percorrerà.Sulla basedel transitoprevisto,che determina inevitabilmente l’erosionedel
fondo stradale, è possibile redigere una sorta di piano delle manutenzioni delle
infrastrutture. L’analisi consenteinoltre di evidenziare quali aree boscate non sono
raggiungibili. Nell’ipotesi di analisi di un nuovo progetto, aggiungendola stradaallo shape
iniziale e facendo girarenuovamenteil modello,è dunquepossibileverificare comequesto
influiscesullasceltadel metododi esboscoe sul valoredel legno.
In seguito a una pianificazionegeneraled’area è comunque auspicabile uno studio più
particolareggiatochevadaadanalizzareintervento per interventotutte le questioni inerenti
al cantiere, dalla logisticaalla sicurezzadei lavoratori, dai costi fissi a quelli variabili e a
quelli aggiuntividovuti ai tempimorti o di trasferimentodegli operatori.
Vengonoalla fine illustratealcunemigliorie che si potrebberoapportareal modello,alcune
raccomandazioni e alcuniesempidi applicazionedellapianificazione.
Le migliorie riguardanola possibilitàdi includere nel modello l’ analisi dell’id rologia dei
versanti (torrenti o zone paludose)che agisce da barriera all’avanzamento dei mezzi
fuoristrada, nonché l’introduzione di un parametro legato alla stagione. Il regime
pluviometrico è infatti variabile nell’arco dell’anno a seconda delle regioni climatiche:
questoinfluiscesulla saturazione del suolo, ma in modo differente a seconda del periodo.
Segli interventi in boscoavvengonodurantel’estatesaràpiù probabile chela portanzadel
terrenosia elevataeconsentala circolazionedei mezzi al pienodelle loro capacità tecniche.
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Le raccomandazioni riguardanola qualitàdei dati. Sarebbeauspicabile poter utilizzare un
modello digitale molto più precisocon dimensionedelle celle pari o inferiori ai cinque
metri.Questoè oggi possibilegraziea strumenti quali il laser scanner(Lidar) e all’aumento
delle capacitàdi elaborazionedei personal computer. Alt re informazioni, in particolare la
presenzadi ostacoli, la ripresae la classificazione delle strade, andrebberorichiestedai
servizidi controllo e supervisione(regionee servizi forestali) al momento dellastesura dei
piani di assestamento.Inoltre la loro pubblicazionein formato GIS renderebbepiù semplice
il loro utili zzoe l’aggiornamentocontinuo epuntualedei dati.
Concludendo, si riportanodueesempidi pianificazione, la prima riguardala valutazione a
livello di regioneVenetodel numerodi harvester che potrebberopotenzialmentelavorare
in modoeconomicoe competitivo.La secondainveceè l’applicazionedel modellosularga
scala (1400 km2) al fine di valutare costi, carenzee potenzialità della filie ra-legno in
un’areacompresatra Italia eSlovenia.
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ABSTRACT

The forestry sectorin Italy hadsomeproblemsin the last years: the general abandonment
of mountainscausedthe uncontrolled growth of forests and some problems on their
managementfor preventing hazardslike wildfires, the increaseof forest work salariesand
the decreaseof wood value, the concurrenceof eastside European countries,the forest
certification which protectedmorethe ecological functionof foreststhan their economical
value, the incrementof social andnaturalfunctions of forests asthe carbon sinks. All this
factorsinfluenced the way of planningcuttings inside forests to the point that sometimes,
due to technical difficulties or low wood valueand amount, they arenot economical and
they are not done. But now, the increasing interest of the use of wood for heating or
buildingpurposesmay increaseagainthedemand and thevalueof this material.
The ForestOperationsPlanningmodel helps the forester making decisionsabout which
skidding system is the most viable according to stand assessmental data and geography.
The model may also highlight areaswhich have low forest roadsdensity. The skidding
operationshave high influenceon the total cutting costs so the model considers only the
skidding operation, the user will add unit costs for felling operations according to the
systemused(usually chainsawor harvester). Five systems are here considered:the tractor
with winch or skidder, the forwarder, the cable forwarder and two aerial systems,the
mobiletowerand thesledgeyardercablecranes.
Themodelwasbuilt on a GIS environmentwith theArcGisModelBuilder. It is practically
a tool whichcanbesharedwith otherresearchersand modified according to any needs.
The input fil es required to run the model are fi ve: the Digital Terrain Model, the soil
classificationor stability, theaverageyearlyamountof rain, the forest roadnetwork and the
assessmentalforeststanddata.
The modelwasvalidatedcomparing resultswith real working sites doneinside the study
areaor comparing resultswith othermodels on different studyarea.The model evaluation
wasdonecheckingtheinfluenceof parameter variation onoutput results.
Themodel outputsareseveralgrid mapsshowing thefeasibleworking areaof eachsystem,
the technical and optimizeddistribution of systemswith costs(evaluated cell-by-cell and
percubic meter).Thestatistictoolsallow to make standreportsand deepanalysis.
Comparing modeloutputsit is possibleto evaluatethe accessibility of forest andplan the
buildingof newroadsto improvetheinfrastructureand reducetheskidding costs.
At the end, two practicalexamplesare reported and some discussion are doneabout the
input dataquality anda moresite-specific planning.
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1. INTRODUCTION

The term “integrated” hasbecomecommon when speaking of natural and environmental
disciplines. Even on a more technicaland engineering work, such the model presented
inside this dissertation,aim to considera wide spectrum of sciences: ecology, hydrology,
sylviculture, technology and infrastructuralplanning. Results of an integrated planning
haveto considerall of themtrying to optimize the efficiency andneeds or, better, reduce
negative impacts.

1.1. FORESTS AND FORESTRY: STATE-OF-THE-ART

Italy occupiesa longpeninsulastretchingfrom theAlps into theMediterraneanSea. Forests
aremostly locatedin theAlps andin themountainousAppennin “backbone”.
Accordingto theNationalForestInventory carried out in 1985-86, the forest areawas 8.6
mill ion hectares;while accordingwith the National Institute of Statistics, that publishes
annual data, the forest land extensionis 6.8 million hectares(COLPI et al. 1999). INFC
(2007) estimatedmore than 10 million hectares of Italian forest areawith an increaseof
20% in 20 years.INFC considersareaswith minimal forest cover of 10% and minimal
surfaceof 0.5 ha.Of sucharea,6.86 million hectaresarehigh stands,coppice, shrubs and
Mediterraneanmacchiaforest, while the remaining part is represented by small woodlots
(rocky, riparianforestsor shrubbyvegetation).
Most of the productive high forests(mainly coniferous) are in the North-Eastern regions
while coppicespredominatein the centreof the country.Threefourthsof the removals of
conifer roundwood (about 1.2 Mm3, table 1.1.2.b) come from North-Eastern regions
(DELLAGIACOMA 2005). The only relevantexamplesof forestplantationsare the poplar
standsin the northern plain areasof the river Po valley (PETTENELLA et al. 2004).Poplar
coverthe37%of sawnhardwood(DELLAGI ACOMA 2005).
Conifers are dominant in high forest, both for extension (56.3%) and timber volume
(63.1%).The mostimportantspeciesis Norway Spruce (Picea abies Karst). Also mountain
Pines (Pinus sylvestris L., Pinus nigra Arnold, Pinus laricio Poiret) and Europeanlarch
(Larix decidua Mill. ) are widespread. Most coniferous forests are located in the Alps
(montanee subalpineSpruce,Fir, Larch forests), but someimportant onescan be found
also in Southern Apennines(Pinus laricio Poiret). Broadleaved high forests are mostly
beechwoods(Fagus sylvatica L.), but also oak woods (especially Quercus cerris L.). In
hill zone are widespreadChestnut (Castanea sativa Mil ler) coppices, or coppice of
Hornbeam (Carpinus betulus L.), Hophornbeam (Ostrya carpinifolia Scopoli) and Oaks
(Quercus spp.) often in mixed compositions. In mountain zonecoppicewoodsare mostly
composedby beechbothon theAlps andon theApennines (COLPI et al. 1999).
Thenational growing stockof high forestsis about 405millionsof m3 (about211m3 ha-1),
with a total annual incrementof approximately 30 million m3 of timber per year (on
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average,7.9 m3 ha-1 yr-1) , but it is harvestedonly onethird of it (PETTENELLA et al., 2004).
Currently in high forest, the annual yield rarely exceeds50% of the annual growth.
Harvesting is on average35% of thecurrentincrement. This led to a general increasingof
the growingstockin thelastdecades(COLPI et al. 1999). Main causesof low utilisationare
lack of infrastructures,difficulties of access,strict regimeof protection for protectedareas
andinsufficient economicvalueof wood(PETTENELLA et al., 2004).

1.1.1 Defining study area

The study area considersVeneto, Friuli Venezia Giulia regions and Trento province in
North-easternItaly (Figure1.1.1.a).

Figure1.1.1.a: thestudyareain thenorth-easternpart of Italy

Forestis mainly locatedon mountainousarea so forest operationsaremainly carried out on
steepterrain, and this affectsthe operational method, the machinery equipment, the road
network requirement, the length of the working period and the availabili ty of manpower
(CAVALLI 2004). The economic feasibility of logging operation in mountainous area is
influencedby small privateownershipstructure, the diffi cult terrain conditions(steepness
androughness),small harvestedvolumesdriven by sylvicultural requirements (STAMPFER

andKANZIAN 2006) andtransportationcostanddistance(SPINELLI et al. 2007).
In this areasawmills are generally small and, especially on mountainousarea, they are
orientedto processconiferoustimber.Sawmill byproducts supply concernspartly the local
market and partly it leanson abroad market (Germany, Austria and Eastern countries)
(CICCARESEet al. 2004).
The use of wood as renewableenergy sourcefor heating in the years2003-2006 was
promoted with European structural funds, rural development plans, energy projects,
regional and provincial funds.The majority of boilers and heating districts require wood
chip. This materialcomesmostly from sawmills but a goodplanningof forest operations
andcutting systemscould improvetheuseof forestbiomassreducing 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 theother share is for public
property. Public ownedforest is possessedby local municipalities. Accordingto General
Censusof Agriculture (ISTAT 2000),the averagesize of private forest properties is 7.51
ha. Private owned woodlands are usually very scattered and rarely keep a forest
managementplan. This is a big problem for an active managementof forest resources
(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). According to forest
managementplans,forestarefastgrowing to a rhythmof 5.7m3/ha.year in high forestsand
6.2 m3/ha.yearin coppiceforests(GPA2005).

Table 1.1.2.a:forestareaandlocationin North-easternItaly (CAVALLI 2004)

Characteristic
Bolzano
province

Trento
province

Veneto
region

Friuli-Venezia
Giulia region

N-E Italy

A Forestarea ha 308844 323005 271885 184156 1087890
B Provincial or regional

total area
ha 740043 620687 1836400 784600 3981730

A/B % 41.7 52.0 14.8 23.5 27.3

Forestlocation
C Mountain ha 308844 323005 211603 135285 978737
D Hill ha 0 0 45752 35348 81100
E Plain ha 0 0 14530 13523 28053

C/A % 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 andwaterconservation is themaingoal andconstraint of forest management.Actually
forestry practices are carefully controlled and restricted by specif ic rules, aiming a
sustainable planning and managementof forest land. In high forest clear cutting is
forbidden and forest operationsare leading to natural regeneration, such as selection
method and shelterwood method (group-, strip- and edge-cuttings), are strongly
encouraged.With this kind of treatment,the foresthasshift to uneven-agedor irregular.In
beechhigh forestis typical to treatwith uniform method.Theopening of gapsor stripesby
clearcutting is allowed only in standcomposedby light-demanding species, in order to
meet the ecological requirementsof these species and guarantee the stand natural
regeneration. Coppice is widespread,especially with private owners. The most common
methodis clearcut,but for many speciesthe law prescribes to leave some standards to
favour seedproduction and sproutsregeneration in old stumps. The selection methodis
applied in manybeech coppices,a lot of which are public proprieties(COLPI et al. 1999).
Forestsarea puzzleof smalldifferent typologies,almost70 foresttypes have been defined.
Eachof them is characterizedby different degreesof biodiversity, connectedto theshareof
treespecies,theforeststructure,their regional spreading, thepresenceof protectedanimals
and flowers, and many other parameters(DEL FAVERO 2001 and 2004). Based on the
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Corine Land Cover (APAT 2005), forested area is divided in coniferous (39.3%),
hardwoods (46.6%) and mixed forests (14.1%).Ash-hornbeamand oak-hophornbeamare
the most spreadforest typeson the foot of the mountain and hilly areas.On mountains,
beechforestsand spruceforestsin alpine areasare most common.Other rare types like
Mediterraneanmacchia,oakforestson plain areasandPinus mugus, evenif theyaresmall,
they increase biodiversity. In Veneto region, 45% of forested area are included inside
protected area accordingto the Europeanrules of Natura 2000. Cuttings and re-planting
operationsto improve foresthealthhavebeenperformedboth inside protectedareasand in
SIC/ZPSareasfor a total of about5000ha(PSR 2007).
As a priority for theright managementof forestsandto preservepeculiarities of each forest
type, forest management plans are a fundamental instrument. According to “Forest
regional laws” (as for examplethe L.R. 52/78 in Veneto), all public forests must be
managed in conformity with forestassessmental plans, approved by regional or provincial
forestservices.In Venetoandin Friuli-Venezia Giulia regiontheshareof forestproperty is
similar, within 50 and60%for public properties(64% of forests in Veneto areassessed). In
Trento provincepublic propertiesare bigger reachingmore than 70%, but inhabitantshave
local rights to usewood coming from public coppice (mostly 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 assessed by particular
environmental andmanagementplans(“piani di riassetto”), but theyarenot commonuntil
now.

Table 1.1.2.b: comparing coppiceandhigh forestareaand production(CAVALLI 2004)

Characteristic
Bolzano
province

Trento
province

Veneto
region

Friuli -Venezia
Giulia region

N-E Italy

Coppiceforest ha 17633 68968 125084 62923 274608
High forest ha 291211 254037 146757 121193 813198

A Spruceand fir high forest ha 55798 31195 20809 10405 118207

B
Italianspruceandfir
high forest

ha 163419 163419 163419 163419 163419

A/B % 34.1 19.1 12.7 6.4 72.3
Annualcuttings

Coppice m3 26488 17980 134705 58836 238009
High forest m3 597947 204410 123902 135293 1061552

Sum m3 624435 222390 258607 194129 1299561

An importantaim of Italian forestry is to foster natural diversity andevolution in forests:
mixed forestsarepromotedandthe spontaneous re-colonizationof broadleaved species in
coniferousplantation is todaystronglyencouraged (COLPI et al. 1999).
Many landownershavealsoobtained thePEFCcertification for a sustainablemanagement
of forest respecting the international standards. Specific indicatorshavebeen included to
maintain and improve naturalhabitatsand to evaluateenvironmental damages which could
derive from forest operations.The basic principles of the sustainable sylviculture are
respectedbut this leadto plancuttings that are alwaysbelowtheestimated growing index.



13

This makedifficult theuseof high mechanizedutilization systems: manyplannedcuttings
havelow yield, or they areondifficult terrains,or thereis no infrastructure (forestroads)so
neitherforestenterprisesnor sawmillsareinterestedin buyingthat wood(HIPPOLITI 2004).
If forest planningwill considernot only theecological andenvironmental point of view but
eventhe social andeconomical(what is called hereintegrated planning) Italian forestry
could raiseandbecompetitiveon theEuropeanmarket.
Forestmanagement shouldbeadaptedto the needsof society, promotingequity within and
betweengenerations. Sustainablemanagement is when wood is harvested until a limit
which correspond to thenaturalre-growth,sothatnextgenerationswill use that resourceas
we did. EvenDEL FAVERO (2004) pointed out that a change is needed on several fields:
cultural and ethics, scientific and technological, political and juridical, besidessocial and
economical.

1.1.2.1. Focusing problems

Nowadays,in someregions(for exampleLombardia) or provinces (as Trento),new forest
managementplans havebeentestingbut still preserving the historical meaning (CALVO et

al. 1998;CALVO 2004; CALVO et al. 2004; WOLYNSKY 2005).Oneof themain problems is
that sylviculture and forest mechanizationhave usually oppositeneeds:the sylviculture
take careof theecological aspectsandaims to reduce cuttingsaccording to new functions
andutilities assigned to forests(CIANCIO andNOCENTINI 1996; DEL FAVERO 2004); on the
other side, work and machineinvestment costs increased so that small cuttings are not
sustainable (HIPPOLITI 2006)becausehighmechanizationrequires highproductivities.
Foresterwho makesplanning should consider and reconcile bothneeds, but this is diff icult
andin thepastwasneglectedsothat:
o insideforestmanagement plansthereare only few information(figure 1.1.2.1.a)about

the optimal cutting andskiddingmethodto be applied when cutting a stand (CIELO et

al. 2004). Some Regionshave introduced standard information as for example the
terrain roughness,the presenceof roadsor skidding trails, the slopeor other specific
information that are now easily managed by Geographic Information Systemsor
gathered usingnewtechnologiesasLIDA R (LUBELLO andCAVAL LI 2006). 
Theway in which forester definesskiddingsystems is not clear: why he suggeststhat
system? Will it be feasibleand economically viable? Building an objective model
which wil l answer thesequestionwould be a good solution. Even more, if the cutting
operationswill be technicallyandeconomically feasible, forester will be sure that his
planningwill be successful.A goodknowledgeof forest mechanization systemsmay
also helptheplannerin designingnewforest roadsandassessingthe roadnetwork.
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Figure 1.1.2.1.a:a page from the current Asiago forest assessmental plan. The only
information is thaton the red rectangle saying thatskidding will be difficult andhopefully
performedwith a trackedtractoror horses.

o the yield is often too low to guaranteeeconomically forest operations. This happen
when using cable cranes or harvesters and forwarders because the installation,
translocation andmaintenancecostsareusually higher thantraditional systems. Those
new technologiesmakelow damagesto thesoil and to remaining trees (CECUTTI 2001,
MARCHI and PIEGAI 2001, CAVALLI 2005) but they requirehigh cutting quantities. If
the plannerhasno consciousnessof this problem, operations will not be doneandhis
work wil l beuseless.

Recently(in theFriuli-VeneziaGiulia) theforesteradviseswhich system is optimal andthe
owner or the forestmanagermakesa project of the cutting operations so that there should
be a continuum, a dialog betweenplanning,management andutilizations, as today is not
(DEL FAVERO et al. 2000).

1.1.3. Forest economy

1.1.3.1. Wood market

In Italy, the two componentsof the forestry sector (forest activities and wood working
industries) are separatedentities acting rather independently. The lack of integration
betweenthe two sectors is due to different policies and patterns of development.Forest
activiti es seemmoreorientedtowardstheproduction of non-market public servicesthanto
an increasein the internalsupplyof woodproducts.Thewood industry is strictly oriented
towardsproduction andcompetitionin the international market by giving asmuch added
value as possibleto the raw material imported (COLPI et al. 1999). In Italy, the bulk of
industrial activities is based on import of rough and semi-finished products (15.5 Mm3:
FAO, 2007), while internal supply is ableonly to coversmallnichesof themarket.
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Table 1.1.3.a:Main indicatorsof thewood-based industrystructure(ISTAT 1997)
farms employ. turnover import export balance

n. n. 1 M ! 1 M € 1000t 1 M € 1000t 1 M €

a. wood in the rough,
chipsandresidual

10830 37034 7070 7019 5041 2939 71 -4080

b. semi-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 (a+b+c) 87510 348610 279341 31829 10300 79436 2297 47607

Wood industry is a flowering sectoremploying 350000 workers (table 1.1.3.a), but the
dimension of enterprises is low with an averageof 4 employees. Nevertheless the Italian
style is famous aroundthe world and the furniture export is at the highest level (table
1.1.3.b).

Table 1.1.3.b: import-export balance in Veneto region (CAMCOM 2006a) and Udine
province 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-easternregionstherearesomeindustrial districts that areconcentrated asspots
on someplacesor provincesand they are very specialized in the production of specific
issue, asfor example the chair-district, the furniture-district or the kitchen-district. This is
clear reading table 1.1.3.c where Treviso is the Venetoprovince with vocation to that
production activity (comparingits importandexport thereis900M€ of added value!) 
 
Table 1.1.3.c:comparing sawnwoodimportandfurnitureexport in Veneto provinces.

Import (€) Export (€)Veneto provinces
(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 Mm3 with a shareof 60% for firewoodand40% of
logs (figure 1.1.3.a). Within logs poplarcover 37% (DELLAGIAC OMA 2005), but it comes
mostly from agricultural landssited in the plain areaalong the Po river. Poplaris usedin
panels and paperproduction.Broadleaves include oaks and chestnut, coming from the
Appennins in the centreItaly, andbeechthat is requested for the production of furniture,
for example chairs. 35% of logs production are conifers, of which 21% is spruce (fi gure
1.1.3.b).

Cuttings in Italy

5.305.103

3.174.714

firewood logs

Logs: share of species

21%

14%

37%

28%

spruce other conifers poplar other broadleaves

Figure1.1.3.a:annualcuttings(m3) in Italy Figure1.1.3.b: logsshareof species

Pricesat roadsidedependon the length, diameter andquality of logs (table1.1.3.d). Even
inside the same Regionpricesof the same assortment may vary during the year (fi gure
1.1.3.c)or maybeinfluencedby theprovenience(figure1.1.3.d).
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Figure 1.1.3.c: saw logs prices (€) in 
Trento province during 2005 (CAMCOM

2006b)

Figure 1.1.3.d: wood prices in different
local areas of Trento province (CAMCOM

2006b)

In 2005,after a long periodof constantdecreaseof prices, high quality assortmentshadan
increase of +5% (saw logs andpackaging) and +16% for normalassortment (4 m). As in
figure 1.1.3.c, pricesare quite stableduring spring and summer but in autumn they raise
rapidly with situationsof real fight to buy woodat public auctions(CAMCOM 2006b). This
is possiblydueto a lack of wood in the Europeanmarket or to a naturalgrowth of prices
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which in the last yearswereconstantlydecreasing. The situation gave an optimistic view
for thefutureof forestry.

Table 1.1.3.d: comparing wood pricesat road side (LUCCHINI 2006; LUBELLO et al. 2007;
CAMCOM 2007b)
Species FRIULI-V G VENETO TRENTO

quality Description value(€/m3)  
SPRUCE A buildings 110 120 111

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

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

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

BEECH A 2,5 - 4 m 96
A-  69
B+ 92
B Diam.> 35 cm 76
B Diam.< 35 cm 66
B redheart> 35 cm 66
B redheart< 35 cm 61
B packaging 59

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

The variation of prices makesplanning very diffi cult: forest management plans have
usuallya duration of ten yearsbut who know ten years in advance what will be prices
and trends of the wood market? If prices will get lower, enterprises will needhigher
yield to coverfixed andvariablecosts(LUBELLO andDEL FAVERO 2007),so probably the
estimatedyield will not be enough and nobodywill cut it. If prices wil l get higher, also
standingprices will slowly follow and the gain for enterprises will be lower, with the
problem that in the meantimethey would havespent moneyfor buying new technologies
andtheywill bemoreexposedto economical risks.
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1.1.3.2. Regional politics

Even if forestsare growing in areaand stock, wood products contribute by 0.5% on the
average regional grossproduction(PLV) and 0.6% on the agriculturaladded value(AV).
Thesevaluesdecreasein particular after1997 dueto thereductionof woodstandingprices
(“prezzo di macchiatico”)(figure 1.1.3.eand1.1.3.f). Economistsconfirm thetrendevenfor
the future becausemarketsopenedto Eastern Europe, where man work and prices in
general arelower, anddueto anincreaseof selling wood after 1990 and1999storms(PSR
2007).

Figure 1.1.3.e:pricestrendin Veneto
region: in light gray the average
coniferous 1st quality standing prices;
in gray larch priceat roadsideandin
dark sprucepriceat roadside(RIGONI

2006)

Figure 1.1.3.f: averagestandingand log prices in
Trentino,updatedin presentvalue.

Same situation for sawmill by-products,eve if market is more stable. Coniferous board
pricesareincreasingwith anaverageof 7%.Non wood forest products market giveshelp to
local economies: in the last yearsin Asiagohighland,incomings from selling rights for
searchingmushroomsare4 timesmorethanthosederiving from selling wood!
The reduction of wood standingprices makes part of a common scenario of general
abandonment of mountains with the consequence in reduction of active forest
managementanduncontrolledforestsgrowth.
In the meantime even costsof man work decreased, together with profits coming from
forest utilizations. Profits reached29204€ per occupied in 2003 and were saved by the 
increasingof work productivity(ISTAT 2003a). Introducing higherlevelsof mechanization
(asharvesters) couldleadto higherdaily productivitiesever morethan80 m3/man.day.
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Figure1.1.3.g: number of working hoursin forestthat can becovered by selling 1 m3 of
wood (standingtreevalue)(CIOTTI 2005).

Properties areso scatteredandfragmentedthat, if there is any sort of association, cuttings
aretoosmall to fulfill themarketdemand.During theperiod2000-2006,in Veneto,regional
funds wereprovided to promotethecreation of forest associations,but, evenif thenumber
is quite good (9 associationscomposedby 270 partners of which 254 are private), the
averageforestedareais 300ha.
Both forestenterprisesandsawmillsshowa structural weakness. In Venetoregionthere are
416 forestenterpriseswith asaverage1.7workers of which 81.8are seasonal (totally about
1700workersper year).313enterpriseshavea “working license”which certifiestheir work
andtheir professional qualification.Sawmillscut only few thousand cubic metersper year
andtheyarefamily managedso they arenot competitive for the European market.In fact
75% of the14706 wood industries(inside the region prefer the import from abroad of raw
materialand boardsthan from regionalsawmills. This is probably due to an un-constant
production and quality of local productsand to the absence of other services like wood
dryingandsteaming.
In Trentino thereare80 forestenterprises,but only few of themcover the marketmostly
entirely (actually 19 enterprisesare able to cut 63.7% of the annual production, table
1.1.3.e).

Table 1.1.3.e:forestenterprisesactivity in Trento province(CAMCOM 2006b)

Cuttingdimension
Numberof
enterprises

% onthe
total number

Auctions
number

Bought
wood

% ontotal
boughtwood

morethan2000m3 2 2.4 55 9.282 17.5
1500– 2000m3 6 7.2 73 10.994 20.7
1000– 1500m3 11 13.3 99 13.557 25.5
500 – 1000m3 14 16.9 73 9.833 18.5
lessthan500m3 50 60.2 100 9.448 17.8

total 83 100.0 400 53.114 100.0
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Forestry in North-easternItaly has some opportunities and weaknessesthat could be
resumed in table1.1.3.f.

Table 1.1.3.f:Swotanalysisof forestry sector,ordered by importance (PSR2007)
Strength Weakness

High potential developingwood-energychain Badstructuralconditionsof forestenterprises
Environmental andsocial services Abandonmentof activeforest management
Increasing woodstockandproduction Small and scatteredforestproperties
Very high quality timber from vocatedareas No dialogbetweenlocalwood productionand

industries
Historical sylvicultural tradition Problemsof integration andpoor tendencyin

promotingassociations
Generalgoodforesthealth Fewmanagementin privateforests

Old wood selling procedures (auctions)brake
forestwork continuity

Trying to solveforestryproblemsis a future issuefor politiciansbecausetheyshould seize
the opportunities that sectoroffersandovercome limitationsderivingby theEuropeanand
international market.Somestrategiescouldbe:
a. promote wood stocks value as a natural capital for example providing money for

cuttings in steep terrainswere standingprices makenot economically feasible forest
operations.

b. promote specific productsas wood biomass for heating or industrial (mdf-panels)
purposes, comingboth from forestand from sawmill by-products(PETTENELLA et al.

2004). This is possible providing money for new equipmentsor promoting the
installation of heatingdistricts or private small-medium boilers. In Trento province,
specific energy offi ceswereestablished.

c. promote high quality wood or assortments for specific use (as wood for historical
buildings) or promote forest certification standards both in wood-chain and in
sustainableforestmanagement(SECCO andBRUNORI 2005).

d. promotenew technologiesto increaseproductivi ty, modify working site andtransport
logistics, introducenew managementforms (largemanagement planning,road-network
planning, new kind of contracts,etc…). During period 2000-2006 all three regions
provided funds for buying new machinesup to 40% of purchasing price (figure
1.1.3.g.), in Trento up to 50%only if theenterprisewaslessthan oneyearold or if the
newmachine wasonethefirsts (accordingto thenew technology) inside thearea.
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Enterprises who asked for regional funds

86%

14%
Yes

No

Share of price covered by regional funds

76%

8%

8% 8%
40%

45%

50%

100%

Figure 1.1.3.g:shareof enterprisesaskingfor regional funds in Venetoand share of
buying priceprovidedwith funds

e. improve “commercialdialog” betweenwood industry and local sawmills introducing
newtechnologies,layoutsandservices(sawnproducts,steaming,products ondemand)

f. give a value to environmental and ecological, social and tourist public services
provided by sustainablemanagementof forests, shrubsand meadows (PETTENELLA

2007; PETTENELLA andCICCARESE2007).

1.1.4. Forest work

In the North-easternpart of Italy it is estimated that there are 350 forestenterprises, with
one thousand stablepeopleworking. Other workers belonging to Public Administrations
(Servizio Foreste in Provincia Autonomadi Trento,Servizi Forestali Regionali e Veneto
Agricoltura in Veneto Region, Servizio per la Selvicoltura e Antincendio Boschivo in
Friuli-Venezia Giulia Region) make also sylvicultural cuttings or other environmental
activiti esmostlyconnectedto wildfires hazard.
Forest enterprisesare typically independentsand belonging to the handcrafters category.
Less frequentaresocietiesor associations: oneexample is theCo.Ge.For founded in 1990
by 13 enterprisesandnow counting55 partners of which takepart forest enterprises(which
are cutting logs, firewood, selling and importing wood) and sawmills. This collaboration
lead to openthe areaof interestand the market possibilities just by sharing machines or
working together (AZZALINI 2004; PETTENELLA et al. 2004). As shown in figure 1.1.4.a,
enterprisesare very often working together, but they do not want to make associations,
maybefor problemsof leadinganddecision making. Including private forestowners, in the
past years9 forest associationswere createdin Veneto region. They count 270 members
(254areprivates),but theaveragemanagedforestarea is limitedto 300ha(PSR2007).
As an average,the sharebetweenemployersand workers is 1 to 2.5, and the number of
workersvary from 3 to 5 (figure 1.1.4.b).Many part-time workers(50% on the total) are
recruitedwhen needed;50% of them comesfrom new regionsincludedin the European
Union or from the Eastern countries (figure 1.1.4.c). In Veneto, Friuli and Trento,
Romanianforestworkersarevery common becauseit is assumed theyare tougherin forest
operationsand it is easierto talk with becauseof the common Romance languageorigin
(AZZALINI 2004).
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Forest enterprises working toghether
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no
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Figure1.1.4.a: thepossibilityfor forestenterprisesof working together
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Figure 1.1.4.a: share of part-time and
full-timeworkers

Figure 1.1.4.b: part-time workers nationa-
li tiesandduration of work

(data on the graphs have beengatheredduring a research comparing forest enterprises
working in VenetoandTrentinoregions(LUBELLO et al. 2007))

Though the cost of work increasedmore than the wood value, the minimum level of
salariesis on line with Nationalagreements(table 1.1.4.a).It is commonindeed to bepaid
by daily production insteadof workinghours.

Table 1.1.4.a:Nationalminimumnet salaries for workers andforest enterprisesgrosscosts
(in parenthesis) (UNCEM 2006; CARBONE2007, modifi ed)

Employees worker Workers(full -time) Workers (part-time)
grade €/month level €/month €/hour 
6° 1524,16 - - -
5° 1327,37 superspecialized 1278.14(2525.19) 1379.45(2424.49)

- teamchief 1358.99(2683.36) -
4° 1221,24 specialized 1211.09(2370.38) 1306.76(2277.07)

- teamchief 1286.96(2518.81) -
3° 1147,41 superqualified 1167.06(2268.68) 1258.84(2179.87)
2° 1082,19 qualified 1142.53(2212.12) 1232.29(2126.01)
1° 1000,60 normal 1065.50(2034.25) 1147.82(1954.69)

To be recruited,foreign workersgo directly to the employer or workersstill assumedare
asked searching for othersby their employer.It is also commonthat the employer goes
abroadsearching for workers.Beforestartingan enterprise, people usually work in other
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enterprisesor in sawmill to learn and train themselves. Employees usually learn through
instructions of older colleaguesdirectly on the ground; only few of them follow learning
courses(figure 1.1.4.c). Practicalteachingcoursesareorganizedin North-eastern regions
by the ForestService (in Trento,addressedperiodically both to workersandtechniciansat
different levels),by sortof forestschools (theCesfam in Paluzza, Friuli-VeneziaGiulia) or
directlyby the regionasin Veneto.
In Trentoprovincethenumberof coursesincreaseeach year (table 1.1.4.b) andit is strictly
connected to a licensethat all forest entrepreneur must have. More than 60% of forest
employers go to fairs or takeparticipationto technical demonstration days organizedby the
universityor theregion (figure 1.1.4.d).

Table 1.1.4.b: number of technicalcoursesattendedin Trento province (POZZO 2007)
Year 1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

T
O

T

Courses 2 3 7 5 9 10 9 10 12 12 13 17 23 132
Participants 8 11 35 45 90 84 56 65 81 68 79 120 154 896

Forest workers attending courses

79%

21%
No

Yes

Participation to demonstrative days

37%

21%7%
7%

7%

7%
14%

No

Veneto Agricoltura

Stihl

Forestry 2004 PD

Fiera di Monaco

Austria

Yes, not defined

Figure 1.1.4.c: share of forest
workers participating to learning
courses

Figure 1.1.4.d: Participation to demonstration
daysandtypologies

Taking careof workers safety is variable depending on the employersensibility. Forest
machinesare certified with most recentEuropeanrulesand in most enterprisesthere is a
document evaluatingrisksand preventingaccidents.Sometimesthis document is written in
foreign languages to becomprehensibleby all workers.

1.1.4.1 Known problems

Speakingwith entrepreneurs,one of the biggest problem is the finding of qualified
workforce.More and more they recruit foreigners; young Italians do not like working on
forest because it is usually part-time and earnings are not proportioned to hard working
placeconditions.
An other difficulty is to gain enoughmoney to pay back investments for buying new
machines.Everybody considersas a necessity the introduction of new machinery and
technology to improve processesand productivities and everybody knows that there are
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specific regional funds. The problemis that retrieving those investments will take more
time thanthe expectedeconomicmachines life, ever more if considering their limited use.
The complexityof planningforest activities may lead enterprises to leave regional funds
unused.
An otherweak of thesystemis not only thequantity,but the quality of roadnetwork. Some
old roadswerebuilt excavatingon theup-hill side and moving the terrain on theslope, but
trailersand loadsincreasea lot so that road pavement is to light to support the weight. A
construction problemis due to the width (sometimes they are too narrow), the slope (too
steep) and switch-backs radius that were studied for trucks loading 4 m log. Today
sawmills usuallyaskfor longer(8 or 12 m) logs, but it is not possibleto transport them.
About 60% of forestenterprisesthink that roadnetwork is not adequate(figure 1.1.4.1.a),
but who gavenegativeansweris entering deeper inside the forest (figure1.1.4.1.b). This
dependon the owned machines,actually a winch on tractorneeds more roadsthan cable
cranes.
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Figure 1.1.4.1.a: about60%
of entrepreneurs think road
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The access in coppice forests is more dif ficult than in standing forests. Municipalities,
which usuallyown coppices, arenot interestedin improving roadnetwork because of the
low valueof thoseforests,so theyare abandoned and fi rewoodis boughtfrom theEastern
Europe. By law, coppiceforestsmaybecut only in winter time,so enterprises can work all
the year (standing forestsarecut in springandsummer time). Neverthelessthereare some
that arespecializedin logsproductionand others in firewoodproduction (figure1.1.4.1.c).
Firewoodmay be sold as big piecesof 2 m length, or cut in chopsand storedon 1 ton
pallets: prices actually vary from and averageof 90 to 130 euros/ton (figure 1.1.4.1.d).
Someoneis alsoselling 2 m firewoodat roadside (60euros/ton).
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Share of logs and firewood
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The last problemis the complicateand bureaucratic system of auctions(figure 1.1.4.1.e)
andthe time consumingsystemof measuringand verifying logs before selling them.The
marketis moredynamicandcannotwait time for local products.If theydon’t come just in

time, sawmills will searchfor wood abroadandfor better offers, for example sprucefrom
Austriamaycomein few daysin all assortments theyneed.
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1.1.4.2 Irregular work

In some cases,work in forestenterprisescould be undeclared, workersareoften relatives
andwithout training and professionaleducation. Also low technological level leadto high
harvestingcostsand makedomestictimbernot competitive (AA.VV., 2004).
Cutting operationsin coppiceforests usually require lower qualification than in standing
forests(HIPPOLITI andPIEGAI 2000) so, especiallyon privateproperties, may be doneby
people with no skill andinadequatetools, workersbad paid for high working rhythmsand
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on an irregular positionaccording to law. Only on public propertiesit is required that the
employer signsa paperin which declaresthe respect of national ruleson working matter,
but there is anyoffice thatverifiesthetruth (PETTENELLA and SECCO 2004).
The hidden work, with no respectof safetyrules, createa situationof modified market
where“good” enterpriseswill loose.In fact workerswill be less paid, but noneinsurance
will coverthemwith hardconsequenceson society if somethingwould happen(illnessor
accidents).
The Italian statisticresearchoffice measured the numberof regular workers in relation to
all working units (theoreticalnumber) and made some indexes (ISTAT 2003b). Data
consider the whole sectorof Agriculture, Hunting and Forestry, showing that while the
occupation decreased,the numberof irregular workers increased of about 10% (fi gure
1.1.4.2.a). Therateof irregularsvary from regionto regionand from north to southof Italy,
from a maximum of 50%in Calabria to a minimumof 18.6%in Toscana(table1.1.4.2.a).
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Figure1.1.4.2.a:thework in agriculture,huntingand forestry (ISTAT 2003b)

Table 1.1.4.2.a:Working units, irregular workersand irregular rates in agriculture by area
in Italy (year2001).

Workingunits Irregulars rate Irregularson thenational economy
n. (x1000) n. (x1000) % %

North-west 213,2 44,7 21,0 5,7
North-east 292,8 75,6 25,8 12,7
Middle 177,4 48,9 27,6 6,6
South 672,0 278,7 41,5 18,3
Italy 1355,4 447,9 33,0 12,3
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1.1.5. Forest mechanization

In the North-easternpart of Italy, forestoperations areinfluencedby specific conditions of
Alpine forests,particularlysteepslopeterrains.
Felling, delimbing andbucking are doneat felling site while skidding operations may be
performedthrough off-roadmachines(80%)or cablesystems(20%). This is alsoknown as
Short Wood System (SWS) or Cut-to-Length (CTL) system. Felling and delimbing
operationsareusedto be donewith chainsaw, while skidding dependson the steep slope
and the presence of adequateroad infrastructures. Off -road machines are mostly
represented by 4WD (80-85%) or trucked(15-20%) tractorswith winch. Winchesmay be
fixed (40%)or not (60%)andnewmodelsareequippedwith remotecontrol. Cable systems
aredividedin fixed (sledgeyarders)andmobile (tower on tractor or trailer) in a proportion
of 1:1 or 3:2 which variesin relation to the working site conditions andthe distancesthat
will bereached(CAVALLI 2004).
In the last years,other working systemshavebeendeveloped: one is felling and partial
delimbing at felling site,thenskidding and finishing processingat roadside (this is usually
calledFull Treecombinedwith Cut-to-Length, FT-CTL); theotheris the Full Treesystem
(FT) wheretreesarecut andskiddedto roadsidewheretheyare processed. Thesesystems
requiretheuseof anexcavatormountedor a carried processor thatmakesall delimbingand
bucking operations. It is estimatedthat12 processorsareworking on thestudy area(fi gure
1.1.5.a), five arecarriedon a tractor,six areexcavator mounted(bothwheeled andtrucked)
andoneis on a truck coupledwith a tower (figure 1.1.5.b) of a mobile cablecrane(theso
calledGebirgsharvester). The number of thosesystems is growing rapidly and probably it
will continuebecauseworkersaregladof it andprocessingat road sidewill bemoreusual
wherethesizeof roadsandthedimensionof piling siteswill allow it.

High forest mechanization in N-E Italy
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Although motor manualfelling is themost commonfelling method, both in theconiferous
andthe broadleavedforests,in Italy therearealso few contractors working with harvester
and forwarders: SPINELLI (2004) relates that in Italy there are totally 44 harvesters,
including in thatnumberalsoexcavators with an harvester headand processors.According
to CAVALLI (2004), in the North-easternItaly there are 6 harvesters and 4 forwarders
working. Harvester are wheeled(4 of them),trucked andhybrid (wheels and legs). These
machinesareeconomicallycompetitivewhenworking with high yields and small-medium
sized logs. Wheeled harvestermay work on steepslope terrains up to 40% while the
truckedone,which the cabinhasan auto-leveling system,up to 60% and the hybrid one
reaches100%and more (CAVALLI andZUCCOLI BERGOMI 2006).
Thinnings in coniferous high forest are done only when there is some European or
governmental fund for forestry improvement. Actually thinnings are uneconomical
operations becausethe manpoweris too costly so some entrepreneurs use processors
mountedon the tractorto processtreesat roadside(CAVALLI and ZUCCOLI BERGOMI 2005).
Thinningswith harvesterarevery rare (EMER 2005) even if recentstudiesconfirm that it is
cheaperthan the traditional method (8 €/m3 against25 €/m3 usingchainsaw)(SPINELLI and
STAMPFER2002;CAVALLI and ZUCCOLI BERGOMI 2006).
Two of the four forwardersareworking togetherwith harvesters. The intereston themis
fastgrowingbecauseof their high productivities and thepossibili ty of introduce themeven
onsystemspartiallyhardmechanisedwherethey areusedinstead of tractorand trailer.

1.1.6. Forest roads

Roadsarea vital componentof civilization. Theyprovide access for people to study, enjoy,
and, commune with forestedwildlands,to extract an array of resourcesfrom natural and
modified ecosystems. Roadshave well-documented, short- and long-term effects on the
environment that have becomehighly controversial, because of the value society now
placesonunroadedwildlandsandbecauseof wildernessconflictswith resourceextraction.
When planning roadsshouldbe identifies links amongprocesses and effects that suggest
both potential compatibleusesand potential problems and risks. The debate on their
positive and negative aspectsis wide and concerns not only Italy (BALOCCO 1994;
LAURENT et al. 1996; MARCHI and SPINELLI 1999; BENGSTON and FAN 1999; BORTOLI

2001). Roads issuesand road scienceusually cannot be effectively separatedfrom the
specific ecologic, economic, social,andpublic lands management contextsin which roads
exist or areproposed(GUCINSKI et al. 2001).
Across a forest or river basin, the access needs, economic dependencies, landscape
sensitivit ies, downstreambeneficial uses of water, and so on can be reasonably well
defined,but theserelationstendto differ greatly from place to place.An effective synthesis
of roadissuesdrawslocal expertstogether to thoroughly evaluateroad andaccessbenefits,
problemsandrisks,andto inform managers about what roadsmaybeneeded, for how long,
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for what purposes,andat whatbenefitsand coststo theagency andsociety (POZZATI 1979;
HIPPOLITI et al. 1997;CIELO andGOTTERO 2004).
Roadeffectsandusesmaybesomewhatarbitrarily dividedinto beneficial anddetrimental.
The largest group of beneficial variablesrelates to access (TUFTS et al. 1988; HIPPOLITI

1988, 1989 and 2003; KELLOG et al. 1996a and 1996b; LANFORD and STOKES 1996;
GREULICH 1997, WIEST 1998). Access-related benefitsmay be identified as harvest of
timber andspecialforestproducts,grazing, mining, recreation, fire control (CALVANI et al.

1999; BOVIO 2001), land management,researchand monitoring, access to private
inholdings,restoration (CHIRICI et al. 2003), local communitycritical needs, subsistence,
and the cultural value of the roads themselves. Nonaccess-related benefits include edge
habitat, fire breaks,absenceof economicalternatives for land management,and jobs
associatedwith building andmaintaining theroads.
Undesirable consequencesincludeadverseeffects on hydrology andgeomorphic features
(such as debris slides and sedimentation)(WEMPLE et al. 1996; FURNISS et al. 1997;
GUBIANI 2004), habitat fragmentation (REED et al. 1996;FORMAN et al. 1997), predation,
road kill, invasion by exotic species,dispersal of pathogens, degraded water quality
(GRAYSON et al. 1993)andchemical contamination,degradedaquatic habitat (ALEXANDER

andHANSEN 1986; CORN and BURY 1989; WELSH 1990), useconflicts, destructive human
actions (for example,trashdumping,illegal hunting, fires), lost solitude, depressed local
economies, lossof soil productivity, anddecline in biodiversity (HEYWOOD andWATSON

1995; FORMAN andHERSPERGER1996).

1.1.6.1. Roads classification

When speaking of forest roadsit is necessary to understand that there is not only one
classification, but it dependson theproperty of theroad,on the areas it cross and serve, on
theaccessregulation(with or withoutpermission).
From a juridical point of view, roads are divided in public and private roads.The main
Nationalrulesare:

- L. n. 224820/3/1865on “public works”
- Decreto luogotenenziale n. 1446 1/9/1918 on “constitution of public Consortia for

building androadmaintenance”
- L. n. 12612/2/1958 on “classificationandmaintenanceof roads”
- D. Lgs.N. 285 30/4/1992modifiedby L. 2141/8/2003: thenew“road codex”

Public roadshavepublic interestandaccess. If the property is also public (State, Region,
Province or Municipality) theyareincludedin thesocalled“Demaniostradale”, if theyare
privatestheyarecalled“stradevicinali” (proximity roads).In this casetheMunicipality has
the right of use and it has competenceon the police patrol. The roads included in the
“Demanio stradale”are classified, that meansthey are recordedin public databases(LA

ROCCA 1996). Databaseof proximity roadsis not compulsory.
ThenewRoadCodexclassifiesroadsby a technical andfunctional criterion:
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A – highways
B – principal rural roads
C – secondaryrural roads(almosttwo sides)
D – urban roads (highspeed)
E – urban district roads
F – local roads,ruralor urbannot includedbefore
Fb – hikeand bike roads

Roadsincludedin lettersB, C andF, links cities and townseachothers andare alsocalled
National-, Regional-, Provincial- or Municipality-roads. The maintenance of proximity
roads (if privatebut with public access)is partially paidby themunicipality (from 20%to
50%).
Privateroadsmaybedividedin:
farmroadswhentheyareinsidea farmand theyareusedonly for internalactivities
proximity roads that are ownedby peopleliving near the road andwho contributed with
moneyfor their building.Ownersmaybeassociatedin Consortia

municipality roadsownedby the town. They are usuallyclosed to accessbut they canbe
subjectedto civic rightsasforestsare.
Whentalkingof a rural-forestroadnetworkit meansa groupof rural roadsdrivenby motor
vehicles and used as main purpose to managerural areas, pasturesor forests. If they are
usedmostly with forest purposesor they lie inside forest, they are called forest roads.
Similarly, if they areusedonly for agriculturethey are called rural roads or pastureroads
whenused asaccessin reachingmountainpastures(figure1.1.6.1.a).

Figure 1.1.6.1.a:classification schemaon road function basis (IPLA 2001; CIELO et al.
2003)

Forest roads may haveother functions than the main one providing access, for example
theyare alsoclassifiedas:
tourist-roadswhenthey crossprotectedareasor protection forests
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wildland fires protectionroadswhenthey arebuilt to provideaccess of fire-fighting teams
or of watertanksor to cut thecontinuityof wood (firebreaks)
wood transport andstoring(piling sites)
Consideringthe building structure, roadsmaybeessentially divided in threetypes: truck
roads, tractor roads and skidtrails. They can be also divided in native-soil surface or
aggregate surface.Native-soil surfacingcanbeusedwhenharvestoperationsare conducted
during the dry season.However, road operations in the wet season require aggregate
surfacing (crushedrock) to increasethe strength of the forest road surface to support
vehicle traffic (AKAY and SESSION 2004). The general classificationin tractor and truck
roads concerns the width of the road section and other geometrical parameters (table
1.1.6.1.a)

Table 1.1.6.1.a: forestroadclassificationon geometrical parameters(IPLA 2001)

Attribute
Principal

Truck
roads

Truck
roads

Tractor
roads

Skid
trails

Roadbedwidth
(Roadwidth + basecourse)* (m) 5 4 3 3

Roadwidth in astraightline
(m) 3,5 3 2,5 2,5(2,2)

Minimumcurve radius(m) 9 6 5 5 (4)
Optimalslope(%) 3 - 8
Maximumaverageslope(%) 10 15 15 15
Maximumslope
on shortsections** (%) 15 20 25 25

Maximumsurfacerunoff (%) 10 15 15 15

Typeof vehicle
able to drive through

Truckandtrailers
Semitrailers
Trucks
Vehicles2WD
Vehicles4WD
Tractors

Trucks
Vehicles2WD
Vehicles4WD
Tractors

Vehicles2WD
Vehicles4WD
Tractors

Vehicles4WD
Tractors

* 1 m should be addedto roadsif they have a ditch on the uphill side or a fill -slope on
thedown-hill .

** A shortsection is lessthan 50 m. If there are many steepslope sectionson the road,
theyshouldnot be morethan20%on thetotal length.

As an example, the Trentino Regional rule n. 12/2006 classifies forest roads into two
categories:
A – forestroadswith accesspurposes:only forest workersor forest enterprises are allowed

to enter. Skidtrails areincludedin thiscategory.
B – all roads with mixedfunction(rural-, pasture- and forest roads). Only privateowners or

inhabitantswho have civil rights can drive through. Other people need a special
permissionthat can be obtainedby asking the owner or the manager of the road
(municipality or consortium)
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The Regional databaseinclude a third category, the L that are junction roads (figure
1.1.6.1.b)with forestinterest(seealsofigure 1.1.6.1.a).

Figure1.1.6.1.b:anexamplefrom theTrentoroadshapefil e.

1.1.6.2. Roads, sylviculture and forest mechanization

The traffic needs are connectedto the typology, frequency, economics and level of
mechanization usedin forest or rural management: the environment conditions and the
intensity of forestcuttingshavehigh influence on the needsof accessibil ity. Forestswith
high fertility andyoungtreesor coppiceforests requirea good accessibility becausecutting
will be frequent(every10-15 years).High standing forests with low yieldsor sitedin high
mountain may require lower road density, while protection forests may also be un-
reachable.
Theposition andthe spacebetweenroadsis to bedefined in relation to thetechnical limits
and the maximum skidding distanceof systems used in forest operations. When small
cuttingsareplanned(10-20 m3/ha) andonly walkingpeoplewill enterthe forest, roads may
bemoredistant. Whenskiddingoperationsare donewith machines,it should be considered
that thereis an optimal working distance(PICMAN et al. 2001): if it is overcome,working
become first more difficult and expensive than technically un-feasible (HIPPOLITI and
PIEGAI 2000; CIELO et al. 2003). For example,tractorscanwork form 50 to 200m far from
road, insteadof cable systemsthat are economical till to 1000 m if logs are big. Before
planning 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 approximations to simplify the
choice.
On flat terrain (slope < 25%) tractors and skidders can work even outside roads or
skidtrails without any problemof tractionandstability. Theywerethemost productive and
cheapsystembefore the introduction of the forwarder. When skidding uphill from far
distances,tractors mayrequirea limitation on heavylogs (not morethan 200m). Firewood
or small logsmaybe loggedon trailer or inside specific mountednests.Theuse of winch is
commonwhen skidding heavy logs. Off-road movementcould be limited on prescribed
skidtrails if there are soft terrains or wet areas. On these gentle slopes only terrain
roughnessmayobstructthemachinesmovement.
On gentle slopes (from 26 to 50%) building new roads is easyand off-road systemsare
morecommon thancablesystems. For theproblemof traction, skiddersmaywork only on
downhill directionandover35%of slopeonly trucked machinesdo it. Tractor with winch
can reach not more than 50-100 meters(figure 1.1.6.2.a), but cablesystems have higher
productivity on far distancesandcancarry heavier logs. When terrain roughnessis high,
tractors movement is not possible but can be used high-density polyethylene slides
(firewoodor small logs).
On steep slopes (morethan50%)andon youngforests, skidding downhill is only possible
within 100 m. Skiddinguphill with mobilecable cranes may beeconomically feasible until
300-400m (figure 1.1.6.2.b). Whenworking inside high standing foreststhe sledgeyarder
system allow to skid logs up to 1000 m, but it is important that the yield wil l be
proportional to thelengthof theline to maintain low costs.

Figure 1.1.6.2.a: forest systems used on
gentleslopeterrains

Figure 1.1.6.2.b: forest systemsusedon
steepterrains
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Figure1.1.6.2.c: a simpletableresumingthe maximum distancefrom road for diff erent
systems.

Actually the forestroadgeometricalparameters (maximum slope, width, curve radius) are
inadequate to the new technologies.More or less every 15-20 years, new building
parametersshould bedefined.As happened in thepast, new plantationhave beendone after
the second world war, but they built small path thinking that mules or horseswould have
beenused in future operations;plantationsneeded long time to be ready for cuttingsand
now thesetracksare too narrowevenfor the smallest tractor, so theyareinadequateeven
beforeto be used. Roadsbuilt on late Seventies 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,nowadaysindispensablefor civil, hydraulic engineering, andwood transportation.
Thewidth wassizedto machinesand techniquesof thattimes, building biggerroads would
havecosttoomuch.Todayexcavatorshaveat leastawidth of 3 m.

Figure1.1.6.2.d:a truckedexcavatoropeninganew roadona gentle slopeforest
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Figure 1.1.6.2.e: gravel distribution on
roadbed

Figure 1.1.6.2.f: pavement crushing and
compacting (BORTOLI 2001)

Analyzing the technology development it is possible to observethat machinesbecome
bigger(width size,netweightandgrossallowable load),increasetheir abil ity to move even
on steepterrainsandincreasetheir stability thanks to auto-levelling systems. It is estimated
for the next future that 50-55% of terrain will be reachableby off-road systems(maybe
moreif considering high level mechanizationas the harvester-forwarder chain)soneedsof
forest accesswill change(CIELO et al. 2003): forest roads will require higher bearing
capacity (new building techniquesintroduce the useof geo-textiles), wide sizesand more
space for piling woodor install cablesystems. With theincreasing technology, thedistance
betweenroadcould bewider andsotheir densitylower.
Theroad density is anindex thatexpress the lengthof roads in relationto thearea(m/ha).
This parameter can be used the access service given by roadson big sized areas: for
example it canbecalculatedfor a valley, a regionor a State.The roadnetwork variesalso
dependingon the yield of forests.In the mostproductive alpine forests, the optimal value
variesfrom 25 to 35 m of forest roadper hectare (COLPI et al., 1999). Insideproductive
forestslying on gentlesoils thevaluemay increaseup to 50 m/ha. On plain areas,tractors
areableto moveoff-roador on temporary skidtrails, sothevaluedecreaseto 10-15 m/ha.
In the Piemonte region, the rural-forest road index is between 5 and 20 m/ha. At the
beginning of the Nineties,forestry roads in Trento province where about 27 m/ha (PAT
1991), while in Austria (in 1987) therewere 40 m/ha iside productive high forestsand7
m/ha inside protection forests(TREZSNIOWSKI 1990). In VenetoandFriuli-VeneziaGiulia
region the averagevalue is near 14 m/ha (CAVALLI 2004). This numbers are not
representative for theaccessof a singlestand and thedistribution of roads is not rational if
connectedto forest.Thedifferencedependon the geography:Trentohas all forestslying on
mountain, steepterrains,while in VenetoandFriuli forests grow also on hills so the index
is lower because the accessis easier.However the road network is less dense than the
optimal valuesrequired in suchtypical forest areas(BORTOLI 2001).
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1.1.6.3. National and Regional laws

Therulesconnectedto planningandbuilding rural and forest roads is quite intricate. Some
ruleson buildings or civil engineeringsometimeshave instructions or describe particular
proceduresconcerning forest roads. Rules may be grouped logically, starting from the
choiceof buildingsite, theplanningandthebuildingoperations:

- ruleson thesoil use,planningandenvironment protection
- buildingandtechnicalcharacteristics
- rulesonpublic works
- rulesonsafetyinsideworking sites

About regional administrative and legislative competences (soil and environmentuse,
urban, environmental goods, etc…) sometimes there are important differenceseven if
regionalrulesfollow nationalprinciples(POSTIGLIONE andTROIANI 2001).
Next follow the list of valid rules:
National rules:
General rules:

L. 1150/1942, urbanlaw
D.P.R. 164/1956, rulesonworkingsafetyduring excavationandbuilding foundation
D. Lgs.626/1994,actuationof CEErulesonsafetyand wellnessof workers
D. Lgs.242/1996,moreabout 626/94
D. Lgs. 494/1996, actuationof 92/57/CEEon safety and wellness in temporary and
mobileworking sites
D. Lgs.528/1999,moreabout 494/96
L. 10/1977,soil classificationand building rules
L. 109/1994(L. Merloni), law onpublicworks
D.M. 145/2000,generalcontractspecifications
D.P.R. 380/2001, UniqueText oncivil buildings
L. 166/2002, transportand infrastructures
D. Lgs.227/2001, innovationandguidelines for forestry sector

Classification of roads:
L. 2248/1865, law onpublicworks.AttachedF: public roadsclassification andlaws
D. luogotenenziale1446/1918, managing and building roads by group of users
(Consortium)
L. 126/1958, public roadclassificationandmaintenance; substitutedby
D. Lgs.285/1992, roadrules
L. 214/2003, conversionin law of “decreto”27jun03: theRoadCodex

Environmental laws:
R.D. 1497/1939, naturalbeautiesprotection
L. 394/1991, law onprotectedareas
D.P.R. 357/1997, protectedareas
D. Lgs.490/1999,UniqueText oncultural and environmental goods
“Direttiva Habitat” and Natura 2000 net, protected sites as in DGR 4489/2003 and
44910/2003 basedonDPR35711/1997
“Direttiva Uccelli” (birds),L. 157/1992updatedwith L. 221/2002
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Technical laws:
D.M. LL.PP.11 mar. 1988,technicalruleson terrains, rocks andslopesfor designing,
executing andtesting support walls andbuildingsfoundationworks
D.M. LL.PP.4 may1990,technicalrulesfor designing,buildingandtesting bridges
Circ. Min. LL.PP.34233/1991, technicalcodes for bridgebuilding
D.M. LL.PP.9 jan. 1996,technicalrules for designing,buildingand testing concrete and
steelstructures
D.M. LL. PP.5 nov. 2001,technicalandgeometrical rulesfor road building

Regional rules:
Veneto region:

L.R. 52/1978,forestregionallaw
L.R.: forestmanagementpolicerules(“Prescrizioni di massima di polizia forestale”)
L.R. 14/1992,rural-forestroadsrules
L.R. 5/2000,articlen. 9
“Deliberazione” 152/2005, att.n. 4

Trento province:
L.P.30/1977,fire-fi ghting
L.P.48/1978,forestry sectorandresourcegrowth
L.P.11/2007,government of forestsandmountains, riversandprotected areas

Friuli-Venezia Giulia region:
L.R. 91/1981,classificationandmaintenanceof public roads
L.R. 6/1982,buildingandmaintainingforest roads
L.R. 34/1984,rulesfor designingforestroads
L.R. 22/1985,roadsregionalplan
L.R. 15/1991,motor vehicleaccessrulesfor roads in protected areas
L.R. 20/2000 (art. 1) and D.P.R. 32/2003, forestry rules for soils with hydrological
problems
L.R. 14/2002(art.51 andrules)
Environmental rulesfor changingtheuseof soils
L.R. 9/2007,ruleson forestresources

When building a new roador whenextramaintenance is needed, authorization should be
asked asprescribedby lawson thehydrogeological and environmental bond, or, if thework
is heldby privates,thegrantconstruction is necessary. Theordinarymaintenancedoes not
requireanypermission.

1.1.6.4. Planning and building projects

Trentino

TheForestServicein Trentoprovincehasto makea planto preventforest wildf ires(figure
1.1.6.4.a). Inside the plan forestsare classified according to their burning risk. All the
managementandbuilding of infrastructures, both for preventing and for theactivefight,are
in chargeof theProvince.So,evenall roadsthat areplannedinside 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 roads maybedoneby private forestersconsultant, but they haveto beapprovedby
the forestservice.
The project usually musthavea general map (scale 1:50000)that shows how the road is
locatedon the environmentand if it hassome limitationsdueto otherurbanor territorial
planning. Then there are a more detailed plan with the road track (1:1000) and a
longitudinal profile thatshowstheaverage slope andsections of excavation or filling. More
detailed transversal sectionswith the evaluation of ground or rock cubic metersto be
excavatedaredrawn in a 1:200scale(figure1.1.6.4.b).

Figure1.1.6.4.a:the forestwildfire prevention planandaproject of anew road

Figure1.1.6.4.b:thedetailedprojectof road trackandprofiles

Veneto region

In Venetoregion all the roadsareprojected by professional foresters except in somecases
whentheroadis insidea regionalor national park(figure 1.1.6.4.c). In thatcase, the roadis
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plannedby regional forest services.Before building it is usually necessary to askfor a grant
construction the municipality andalsoask for an authorization to regional forest services
andtheparkcouncil if it is insidea protectedarea.If the lengthis more than10 km or the
road lies on a SIC area,it is also requested to write an environment impact evaluation
(VIncA) that wil l be judged by a regionalcommission. The most important thing when
building a road inside a protectedarea is also to make a work well integrated to the
environmentusing preferablymaterial found on the place (figure 1.1.6.4.d). The project
should includeall mapsandevaluationof volumesasin Trentoprovince(figure1.1.6.4.e).

Figure 1.1.6.4.c: the working site
of a roadbuilt inside“ParcoColli
Euganei” (Padova) with wildfire
prevention purpose

Figure 1.1.6.4.d: the same road two years after
construction. Spontaneousvegetationhas well re-
colonizedroadhedges.

Figure1.1.6.4.e:projectandquotedprofile 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 planning roadsandusingmorepowerful instruments. For exampletheyuse
a laserto measuredistancesandanglesand data are stored on a small portablecomputer
(figure 1.1.6.4.f). At homethedataaredownloadedon a pc andthrougha specific software
it is possible to draw the terrainprofile andchoose which is the best locationfor building
the road. Automatically also the general plan is drawn and longitudinal and transversal
profiles with the estimation of groundvolumes(figure1.1.6.4.g). This is a very powerful
instrumentbecauseit is possibleto optimize the volumes reducing environmental impacts
andcosts.It is alsopossibleto insertwalls and drainagesystems to prevent themovement
of sediments.

Figure 1.1.6.4.f: the instruments(laserand palm) used during survey and the planning
phaseasit appearon thecomputerscreen

Figure1.1.6.4.g: sectionof a projectwith corresponding profiles (SOLARI 2005)
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The projectof a new roadhasto follow a quite intricateprocedure beforeto be approved
(figure 1.1.6.4.h). All authorizationareusually obtained in a time that varies from 3 to 5
monthsdepending on thesizeof thework (if morethan10 km or it is insideprotectedareas
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
buildingoperations.

Figure1.1.6.4.h:theapprovalprocedurein FVG region

1.1.6.5. Road management with GPS-GIS systems

Often themanagement of a roadnetwork is easiest with theuseof GIS softwaresintegrated
with GlobalPositionSystemsto verify track or to up-load new information.
PELLIZZARI (2002) madea studyabouttheapplicationof a systemcombining GPS andGIS
technologies for surveying the infrastructures and the obstacles of roads to produce a
thematic cartography supporting the firefighting operations. The study provided the
creation of a data dictionary and the digitalization of surveying tables/schedules about
infrastructuresandobstacles(aspull-in areas, point of reverse,watersupplies, helipadsor
obstacles on the groundandin-flight). The real time GPStracking has been experimented
to capturing newgeometries,combinedwith a real time fi ll ing in a dataentry form (figure
1.1.6.5.a) with the most interestingparameters for firefighting features. Working in real
time wasa greatadvantagebecauseentrydata did not need anyparticular post processing
review. The result of suchan applicationis a database which can be managedon a GIS
platform for producing thematic maps (figure 1.1.6.5.b). These maps are useful for
preventing wildfires risk, planning infrastructures, identify the weakpointsor for a better
active fight coordination.
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Figure1.1.6.5.a:theinsertdatascreenafter
GPSfeaturerecording

Figure 1.1.6.5.b: access map for different
class firefighting vehicles

The useof GPSis powerful whenthereis a big areathat need a managementplan, asthe
caseof a mountain community. Inside a project the Dept. TeSAF had with ”Feltrina”
Mountain Community (CM), the shapeof new built forest roads wascheckedusingGPS
mountedon a car in a tracking option (recording 1 point every 5 or 10 seconds). Due to a
low quality positioning, data were post-processed with the use of a second fixed GPS
antenna. More over, they were checked overlying georeferencedaerial photographsand
linkedto theexisting public roadnetwork. Sucha work hasto aims: thefirst oneis to check
the forest road accessfunction andidentify which areas need new roads(or viewedon the
other sideof the mountaincommunity technician, to havean objective map or indexesto
judgeand accept/refusenewbuilding projects); thesecondaim is to haveinside a database
all information they needto managethe road net. During the survey, many data were
collected, the average slope,averagewidth, switchback curve radius, the road pavement
type, the presence of longitudinal or transversal works and their need of maintenance.
Manyphotographs werealsotakenfor each describedpoint andlinked (figure 1.1.6.5.cand
1.1.6.5.d) to the geographical database. The CM has so the possibili ty to plan the
maintenanceandestimate theyearlycosts (duealso by theVenetoregional law n. 19/1992
andn. 39/1999: maintainaccessonpublic roads).
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Figure1.1.6.5.c:Forestroadstrackedwith GPS(in blue)

Figure1.1.6.5.d:thedatabaseandphotorelated to each forestry road
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1.2. THE IMPORTANCEOFPLANNING

Wood chain is a multifacetedprocessinvolving peopleand machinesunderinfluencesof
several environmental, ecological,social and economical factors. Througheach step of the
chain, wood increasesits value. Cutting, skidding and hauling operationscould be very
expensivebecauseof hardforestoperation environmentandnot-efficient working system.
Consequently timber value could be depreciated up to the point that wood is not cut
because it is not convenient.Logging and transporting optimization are becoming, thus,
evermorea key factorto beimproved.For this reason, studies andanalyseson wood chain,
mainly basedon modelingandplanningtool have beenin thepast developed andtoadyare
still increasingdue to the introductionof powerful software as Geographical Information
Systems.
First interestandapplicationson modeling andplanningby developing Decision Support
System(DSS)were primarily relatedto military needsand to estimatetrafficability of soil
for off -roadvehicles (AA.VV. 1961;ANDERSON1985; BONASSO 1989). Theseapproaches
werethentransferredto manysectorsof agriculture andforestry (SAMSET 1975; ROWAN

1977;MELLGREN 1980; LÖFFLER1984).
Accessibilit y maps and analysis on planning forest operation have been developed
preventing damages to wetland soils and ecosystems (WRONSKI 1989; AA.VV. 2002;
EICHRODT 2003; CAVALLI 2005; MURPHY et al. 2006).In steepAlpine areas,whereforest
managementaims at different forest functions, modeling represents a complex analysis
considering also not productive forest function (HEINIMANN 1999; DEL FAVERO 2000):
densityand size of remainingstandingtrees (clear cuttings are forbidden), for example,
haveanhigh influenceonskiddingoperations.Moreover,planning models haveto consider
not only environmentalandstandfactorsbut also canbedeveloped to support preventionof
soil compaction damages (ZIESAK 2003). Also many works have considered the
optimizationof different skiddingsystemsin relation to differentmachinesize, as for cable
cranesand forest operationconditions(HEINIMAN N 1986 and 1994; LÜTHY 1998; KRČ

1999, CHUNG et al. 2001). Further interestscould be oriented to develop models and
support systemsin orderto preventalsoforest workersinjuriesandconsequently increasing
safetyof forestoperations(GANDASECA et al. 2001).
In thecontemporary sense,considerationmust begiven to theimportance of theforestasa
sourceof non-wood forestproductsandenvironmental services,as well as its role in the
conservationof biological diversityandcultural values. Timber harvestingoperations must
thereforebe plannedin sucha way asto accommodate, andwhere possible enhance these
multifunctional characteristicsof theforests (BALDINI andPOLLINI 1998).
Thinnings operationsare designed to remove someof the trees in order to enable the
remainderto thrive, which is an essential sylvicultural operation. During first thinning
operations, it is necessaryto open up access routes (trails) within the forest for use by
harvestingand extractionmachines. As the trails are the only routesfor the machinesto
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operate, they can becomebadly damaged due to repeated trafficking. The “t rails” layout
typically consistsof short “side trails” (along which the timber is gathered)leading into
“main trails” which act as theprincipal routes out to thestackingpoint. As the main trails
arethe most highly trafficked,mostdamage (e.g. deeprutting in excessof 0.3 m in some
cases,soil compaction and tree root damage) may occur along these routes. The main
traffic source through the forestis the forwarders, astheyhaveto makerepeated journeys
to and from in order to collect the logs. In contrast, the harvester fells the treesas it
progressesslowly alongthetrails andgenerally has no requirement for repeatedtrafficking
of the trails. In a clear felling operation,machinery movement is less restricted, hence,
forwarderscan reducethe numberof passes along the sameroutesin order to minimise
rutting and soil damage.Soil damagecan also be minimised by effective use of brash i.e.
stemandbranches with diameterbelowtheminimumset for utilisation (AA.VV. 2002).
Dependingon the soil typessomesoil structural changeis an inevitableconsequence of
mechanisedtimber harvestingoperations.Such damageis of particular importanceif it
impactsnegatively on theenvironment (e.g. acceleration of reducedinfi ltration and surface
water run off into watercourses). Mechanised timber harvesting operation should be
plannedand executed in sucha manneras to avoid suchpotential environmental impact.
Somesites are more “sensitive” to environmental damagethan others.For example,wet
peatsoilson sloping groundcanposeconsiderable difficultiesfor environmentally efficient
harvestingoperations (NUGENT et al. 2002).
Theenvironmentalimpactsof mechanisedharvestingoperations depend on several factors
suchas site type, matchingthe machinery to the site, machinery operation, layout of the
trails so as to minimise trafficking by the forwarders. The time of year during which the
operationsarecarriedout mayalsobeimportant (HINZE 1990). For example,harvestingon
certain peatsoils may be feasible only during the summerwhenthesoil is relatively dry or
during thewinter in cold climates(suchas Finland) whenthesurfacesoil is frozen.
A key factor in determining the environmental impact of mechanised timber harvestingis
the potential risk of run off water entering local streams, rivers or lakes. For example,
traffic damage in trails (suchassevererutting) only posesa significant environmental risk
if it channels surfacerun off water into a watercourse. Some rutting or soil scuffing is
inevitable when dealing with mechanisedharvesting operations on sensitive sites, but
judicious selection and operation of the machinery system can minimise the potential
site damage. However,given that this risk exists, the overriding principle mustbe one of
containmentof water flowssoasto minimise therisk of run off intowatercourses.While it
is importantthatdamagealongthetrails is minimised, this must becombined with planning
the rack layout to includeriparianbuffer zones,which minimise the risk of direct run off
into watercourses(WRONSKI and HUMPHREYS 1994). Rehabilitationoperationsafter the
harvestingand extraction that includes levelling of deep ruts and establishing surface
vegetation may be necessaryalso. Soil erosioncan posesignificant environmental risk
when mechanisedtimber harvestingis carried out on sloping sites, particularly in dry
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climates (e.g. Mediterraneancountries). Severe scuffing exacerbates the effect, hence the
selectionand operationof the mechanisation system is important in containing the risk.
Scuffinghastheeffect of looseningthesurface layer,hencepredisposes it to erosionfrom
wind or rain.
The sensitivity of a forestsite encompasses a broadrangeof issues such asaestheticsand
social functions, inherentarchaeologicalfeatures, economics, and potential environmental
degradation such asthepollution of watercourses.Oneprincipal aim of planningis how to
minimise the impact that mechanisedharvesting operations can haveon the environment.
With this consideration, the following definition of a sensitive site may be adopted
(NUGENT et al. 2002):
“A sensitive forest site is where alterations to normal mechanised harvesting practices are

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

of the forest”
In this context,thesitesat risk of degradation asa result of timberharvestingandextraction
include:areaswith gleysoils,particularlyon sloping terrain, andwherethereis insuff icient
brush to minimise surfacedisturbance;poorly drainedshallow peat soils (less than 1 m
deep)oftenwith inferior treecropwith limited amountsof brash; deeperpeat (greater that1
m), usually with good drainage networks which present very dif ficult harvesting
conditions; low organicmattersoils on steep slopesin areas prone to droughtand sudden
spells of high rainfall (asoccur in Mediterraneanareas). The percentage of total forested
areain Europe that is classifiedassensitive rangesfrom 5% to 25%,depending on country.
For example, 50% of forestedarea in Italy is on steep terrains (more than 40%) and
protected areasasSIC or ZPScover in Nort-eastern Italy more than 50%of the productive
forests.
Ground skidding comprisesa significant proportion of harvesting operations in southern
Europeancountries. Planningeco-efficient andcost-effective timberharvesting systemsfor
sensitive sitesshould:
1) minimise or eliminate the associatedsoil disturbance (viz. terrain surface rutting, soil

compaction, layer inversion,erosion)that ordinarily may be incurredby harvestingand
extractionoperations

2) minimise the damage to residual tree crop andseedlings, in thinning operations and
natural regeneratingstands,respectively

3) minimise or eliminatethedamage to natural watercourses, and artificial drainage and
soil protectionstructureswithin or adjacent to the harvestedareas

4) optimise the productivity of the extraction operation, i.e. deliver the trees/logs to
landingsat economic ratesandwith minimal loss of volume and/or quality, and

5) ensure the safety of the extraction crewsand other personnel involved in the related
harvesting processes,by ensuring that only skil led operators are engagedfor planning
and execution of theharvestingandextractionworks.
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Within the first threepoints thereare five main categories of site damageand secondary
environmental degradation that can occur due to the operation of timber harvesting
machinery.Thesecanbedividedin categories as follows:
1. Rutting: repeated passesof heavy machinery along the same route lead to the

development of ruts.Rutting is a phenomenon closely associatedwith soft soils,suchas
wet peatsor gleys. On most of thesesoils the rutting effect is incremental with each
machinepass,but is mostpronouncedin thefirst 1 to 2 passes. In extreme cases,suchas
where inappropriate machinery systemsare used, the soil structure can become so
damagedthat it turnsinto a liquid slurry (socalled “slurrying”)(figure1.2.a).

Figure 1.2.a: rutting after 10 passesof a
wheeledforwarder (with 8 t load)along a
main extraction trail comprising a shallow
gley soil overlying solid foundation

Figure 1.2.b: Forwarder (with 8 t load)
operating on a waterlogged site with a
shallow(<700mm depth)solid foundation.
The machine causedsevere rutting as it
sank right down to the underlying solid
stratum. This is also a risky situation for
workingpeople.

2. Soil compaction: the developmentof ruts (as outlined above) is in effect an outward
manifestation of soil compaction(figure 1.2.c). The soil beneath the ruts becomes
compacted,with the zone of maximum compaction extending to a depth equal to
approximatelyhalf the rut width (viz. the zonetypically extendsdown to ca. 300 mm).
This compactionwill reducethewater infiltr ation capability of thesoil hencemaking the
rut an excellent channel for surface water flow. It is therefore very important that the
network of ruts, resultingfrom forestmachinery operationsare remediated anddo not
channel waterinto watercourses.
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Figure 1.2.c: typical moisture related soil structural alterations after traffic. Up to
moisturecontentsof w = 26% total pore volume and coarse pores show little effects
only, while moisture contentsaroundliquid limit leadto a complete lossof soil structural
diversity (=soil damage)(MATTHIES et al. 2006).

3. Surface disturbance: Forestrymachinesrely on slip betweenthe wheels (or tracks) and
thesoil (figure1.2.d) in order to generatedthe requireddrawbarpull. Themagnitudeof
this slip dependson several factorssuchas soil condition, vehicleweight,tyre (or track)
type, inflation pressure, drawbarpull requirement and several other soil and vehicle
parameters. Damagedue to slip includes smearing of the soil surface,mixing (and
dislodgment) of componentsof theuppersoil layer (top 50 mm or so),root damageand,
in extremecases,a breakdown in the structure of the top layer of soil leading to
“slurrying” in wet soils. Looseningof the soil surfacecan lead to significant erosion
problemsin dry climates,suchas in certainMediterraneansitesafterrainfall.
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Figure 1.2.d: on the left a cable-forwarder corridor with 40% steepslope. On the right,
without thehelpof thewinch, thewheels slip andarecauseof surface damages(ZUCCOLI

BERGOMI 2006; CAVALL I et al. 2006)

4. Residual stand damage: Traffic inducedstand damagecan be important in thinning
operations. The processof soil compaction,outlined above, leads to compaction of
roots, particularly thosein the maximumcompaction zone(viz. down to ca. 300 mm).
Such compaction when associated with rutting may make the trees besidethe tracks
more prone to tipping over in heavy winds. In addition, roots may become exposed
(figure1.2.e) asa resultof a tearingactionby thewheels (or tracks), andthis canreduce
subsequenttree growth and allow entry of pathogenic fungi (ISOMÄKI and KALLI O

1974). Theextent of suchroot damagedependson thedegreeof rutting and theseverity
of the machine’s action(ČERMÁK et al. 2006). The useof metal cleats(track shoes)to
enhance machine flotation exacerbatesthe effect. As rut depthscanextendto 500 mm
on poorly maintainedmain extraction routes, this implies that root damagemay not be
confined to surface roots and can have a significant negative impact on the residual
trees.RUMMER and KLEPAC (2002)studiedthe differenceon residualtreedamagewhen
harvesting with manual felling or mechanized (harvester) system. They found a
relationshipbetweenthe distance from the extraction trail andthe incidenceof scarring
(figure1.2.f). Fifty percentof thedamagedtreeswere located from 1.5 to 3 m from trail
center (table 1.2.a). Since the harvesterhad to processand pile treesalong the skid
corridor, more trees were damaged than during manual operations. Only 5% were
locatedmid-reach(3 – 4 m), with the remaining45% located4 – 7 m from trail centre.
This likely reflects the difficulty of handling treesat the extreme limi ts of the boom
reach. LIMBECK-LILIENAU (2003) found that the cut-to-length wheeled harvester-
forwardersystemcausesthe lowestnumberof damages to remaining trees if compared
to trucked harvester-forwarder, harvester-sledge yarder and chainsaw-cable yarder
systems.During thinnings,steep terrain and cutting intensities may be the reason for
higher damagelevel.

5. Soil erosion and accumulation of sediment in streams: Input of soil to the watercourses
(increasedsuspendedsolidsandsedimentation on thestream bed) is potentially themost
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significant change in the environment surrounding the forests. Erosion can be
particularly severe in hot dry climateswith occasional short periodsof veryhigh rainfall.
Harvesting canincreasesoil input to watercoursesespecially in mountainousareas by a
variety of processes,including:
• surfaceerosion from landingsandskid trails;
• slopefailurecausedby theremovalof vegetation;
• physical damageto thestreambanks,suchasslippageand bankcollapse,and;
• increased surfacerunoff asa resultof clear fell operations
The environmentalimpactof the aboveprocesseswill depend on the proximity of the
harvest site to watercourses,the expanse of the disturbed areas, site-sensitiv ity,
topography,weatherconditionsandtheintensity of the harvesting operation.

Figure 1.2.f: frequency of damagedtreesfrom
skidtrail centerin theharvesterplots

Figure 1.2.e: illustration of damage
inflicted by machine traffic on an
exposedroot

Table 1.2.a:residualtreedamagecomparingmanual andmechanized felling
Variable Manual felling Harvester
Damagetree/acre 20 170
Trees/acrewith cambiumexposed 20 160
Trees/acrewith wooddamage 0 10
Meanscarsize(in2) 1.24 12.34
Meanscar/tree 2 2.5
Meanheight above ground(ft) 9.1 3.5
Meandistancefrom trail (ft) - 11.7

Optimize the productivity

Forestersshould considerthe technologywhen planning yield andcuttings inside a forest
stand.If enterpriseswill not havetheright machinesor thereare not enoughforestroadsto
enter the forest or the value of wood get lower and operations will not be economically
viable, cuttingswill not bedone.And if this will happened,thework of theforesterand the
ecologicalvalue of cuttings will looseall their significance(LUBELLO et al. 2007). Even
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more forestswill be abandonedand the cultural and social value of the environmental
managementwill be lost.
Thinnings or selective cuttings should also be planned in a way that makes them
economically feasible,reducing at the minimum fixed costs andproviding the enterprises
of alsosomegoodassortments.But thework of forester should not bedeleted by theman
who have to sign the trees which must be cut and which not. He should have read
prescription as reported on the forest managementplan and he should also know which
util ization systemswill be used.With this knowledgehe shouldadapt the yield amount to
thesiteconditions:asanexample,signedtrees wouldnotbefar fromroadmorethan 150m
on gentleterrains if tractor with winch is used.Otherwise skidding operationswill cause
very high level of standingtreesdamage.
Theproblem is whena wrong cut effectsan economical loss.The useof cable systems,for
example, should be carefully planned.The table 1.2.b showsthe results of two different
extraction sitewheretheaveragediameterswhere thesame, and soalso thecut volume,but
having mounted and dismountedthreecorridors (that wherenot planned) instead of one
causedhigher operationcostsanda lower selling pricewhich gavea 13780 € total loss (13
e/m3 lessthanexpected). Moreovertheyield of thesecond working site was700 m3 with a
low rateper hectare (asusualin thinningsoperations), but installing the threelinesneeded
to clearthecorridor and300 m3 more wherecut (43% more)with a big ecological impact
on the site becauseit changedthe normality of the population(numberand diameterof
trees).

Table 1.2.b: the effect of wrong cable crane planning operations (GRIGOLATO and
LUBELLO, 2006)

Working site1 Workingsite2
Cablecorridors 1 3
Cutting type Final cutting(clear cutting) Selection cutting
Plannedyield 1000m3 700m3

Unit yield 75m3/ha 13.7 m3/ha
Averagediameter 34cm 34cm
Cut wood 1070m3 1060m3

Clearingcorridors 70m3 360m3

Cable craneindex 1.74m3/m of cable 0.57m3/m of cable
Prices

Roadside 98€/m3 86 €/m3

Harvest-skidding 42€/m3 37 (planned)50 (real)€/m3

Standingtree 56€/m3 49 (planned)36 (real)€/m3

Total selling 59920€ 5194038160€

Inside high forests with high value logs it should be planned to use high mechanized
systemsasforwardersor cablesystemson steep terrainsto give to the wood a little more
value.Sawmillspayfrom 2 to 3 €/m3 more clear logs(SAMBUGARO 2006), in fact dirty logs
dragged on thegroundmaypick upsomesmall stonesthatcouldbreakthesaw-teeth.
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Ensure the safety

A goodplanning may helpregionsor provinces in organizing training and learning courses
for operatorson thebasisof enterprisesneedandnewtechnology.A workers illnessis mad
for him, but hasalsosomenot negligible social costs. New machinesfollow Europeanrules
andprovidesaferworking site ( thinking for example of a worker sitting insidea harvester
cabin:he is far from cutting tools,he do not breath chainsaw smoke,he is protectedfrom
falling branches,etc…), but working rhythmsand new posture of the body introducenew
illness more common to video-terminal workers (e.g. musculoskeletal disorders)
(AXELSSON and PONTÉN 1990; SYNWOLDT and GELLERSTEDT 2003). One of the riskiest
things in forest is walking (table 1.2.c and 1.2.d), meaning falling, so a good forest road
infrastructureand a goodsitespecificplanningshould improveworkerssafety.

Table 1.2.c:forestworkersaccidentsin 2001 in Trentoprovince(PAT 2002)
Forestworkers 236
<10daysstopaccident 15
Up to 20 6
Up to 40 3
>40days 7
Total 31 (13.4%)

Table 1.2.d:wheretheaccident tookplaceandwhich part of thebodyhit (PAT 2002)
shoulder 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
rock

stem branches splinter chainsaw axe other
tools

insects total

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

Forest resourcemanagement is the art andscienceof making decisions with regardto the
organization, use and conservationof forests and related resources (BUONGIORNO and
GILLESS 2003).Forestsmaybeactivelymanagedfor timber,water, wildlife, recreation,or
a combination of their functions(COSTANZA et al. 1996). Managementalso includesthe
“hands-off” alternative:letting naturetakeits course,which maybe thebestthing to do in
somecases.Forest resourcemanagersmust makedecisionsaffecting both the very long-
term future of the forest and day-to-day activities (WILLIAMS 1992). The decisions may
dealwith verycomplexforestsystemsor with simple parts.Thegeographic area of concern
maybeanentire country, a region,a singlestand of trees,or an industrial facility. Someof
the forestresourcemanagementproblemswhich canbeconsidered include:

- schedulingharvestingandreforestation in even-agedforests to best meetproduction
and/orecologicalobjectives

- determiningwhat treesto harvestin uneven-agedforestsand whento harvestthem
to optimizetimber production, revenues,or ecologicaldiversity

- planning the productionactivities in forest stands and in forest industries to meet
goals concerning revenues,employmentandpollution control

- designing efficient road networks to provide access to recreation or timber
productionprojects

- managingcomplexprojectsin efficient and timely ways, given fixed budgetsand
otherconstraints

- recognizing the uncertaintyof biological and economic outcomes anddealing with
this uncertainty in thebestpossibleway

- ranking alternative investmentprojects in such a way that thoseselectedmaximize
thecontributionto privateor publicwelfare

- forecasting thedemand,supply, andpriceof forest products

1.3.2. The nature of models

In tackling problemsof this sortandmaking related decisions,forest managersusemodels.
Models are abstract representationsof the real world that are useful for purposes of
thinking, forecastinganddecisionmaking.
Models may be very informal, mostly intuitive, and supported by experience and
information that is not put together in any systematic manner. Nevertheless, in the process
of thinking about a problem, pondering alternatives, and reaching a decision, one
undoubtedly uses a model, that is, a very abstract representation of what the real-life
problem is. Most decisionsaremadewith this kind of informal model. Theresultsmay be
very good,especiallyfor a smart,experiencedmanager,but the process is unique to each
individualand it is difficult to learn.
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Forestmanagershavelongusedmore concrete models. Somearephysicall y very similar to
whattheyrepresent.For example,a foresthydrologist mayuseasand-and-water model of a
watershedthatdiffers from therealwatershedonly with respect to scaleanddetails.Water
or a liquid of higher density is madeto flow throughthemodelat varying ratesto simulate
seasonal variation in precipitation and flooding. The resulting erosion is observed,and
varioussystemsof damsandleveescanbetested usingthismodel.
A forest map is an example of a more abstract model. There is very litt le physical
correspondence betweenthe map and the forest it represents. Nevertheless, maps are
essential in manyforestryactivities. Fewmanagementdecisionsaremadewithout referring
to themto define the location andthe extent of activitiessuchasharvesting, reforestation,
campground development, androadbuilding.
Mathematicalmodelshave little visual analogy between the real world and the model.
Reality is capturedby symbolic variablesand by formal algebraic relations between them.
Despite or because of their abstraction,mathematical models are very powerful. These
modelsarenot newin forestry.For example, tabularand mathematical functionshave long
beenusedto expressbiometricrelationships betweena stand volumeper unit area,its age,
andsite quality. Foresteconomistslong ago developed formulas to calculate the valueof
land as function of its expectedproduction, forest product prices (both timber and non-
timber), management costs, and interest rates (BRACK and MARSHALL 1996). These
investment models are fundamental to forest resource decision making. In general,
mathematicalmodels can tackle problems with a very large number of variables and
relationships.This makesthemwell suited to complex, real-life managerial situations.

1.3.3. Systems models

Forest resource managementproblems involve many different variables. Some are
biological, like the growth potential of a particular species of treeson a particular soil.
Othersare economic,li ke the price of timber and the costof labor. Still othersare social,
like the environmentallaws that may regulate for whom and for what a particular forest
must be managed.Often, thesevariables are interrelated. Changes in one of them may
influencetheothers.
All these variables andrelationshipsthat tie them together constitute a system. Because of
the complexity of the real forest resource systems, foreseeing the consequences of a
particular decision is not aneasy task.For example, to increasethediversity of the treesin
a forest,we may think of changing the method, timing, or intensity of harvesting (REED

1986; HEMM et al. 2006). But whatexactly is the relationbetween harvest, or lack thereof,
anddiversity? How muchdoesthefrequency andthe intensity of theharvestmatter? What
is the effect on the long-term healthof the forest of taking sometreesand leaving others?
What is theeffect of changingtheharvesting patternon the timber incomefrom theforest?
How much will it cost,if anything,to increaseforest diversity?
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Systemmodelsaremeant to helpanswersuchquestions. Theyare tools that managerscan
useto predict theconsequencesof their actions. In a sense, a model is a device to bring the
real world to the laboratory or to the office. As HELLRIGL (2005) stated: the dreamfor
foresters is to have the forest inside their computer. Managerscan, and do carry out
experimentswith models that would be impossible in reality. For example,they can try
several management alternativesona modelof their forestand observe the consequencesof
eachalternative for manyfuturedecades(WOOD and DEWHURST 1998; HINRICHS 2006), a
thing that is impossibleto do with a real forest. It is this abilit y to experiment andpredict,
to ponderdifferentchoices,thatmakesforest systemsmodeling such anexciting endeavor.
Someof thefirst systemsmodelsandthe methods to solve themweredeveloped during the
Second World War, to assistin military operations (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, operationsresearchmethods beganto be
applied successfully in industry, agriculture and government. The first applications of
operations researchto forest management problems date from the early 1960s. Their
number hasbeengrowing rapidly sincethen. The Society of American Foresters hashad
for many yearsan active OperationsResearch Working Group. A similar group exists
within theInternationalUnionof ForestResearch Organizations (IUFRO Division3). 
Several modernsystemsmodelsin forest resourcemanagement combine the methods of
operationsresearchandthoseof economics. Economics remains an essential part of forest
resourcemanagement:evenwhentheobjectivesof managementarepurelyecological,such
asin designinga conservationprogram,economics are neededto compare thecosts,if not
thebenefits, of alternativeapproaches.

1.3.4. The role of computers

Althoughsystemsmodelsareformulatedvia mathematics,mathematics alonecannot make
themwork. Thereasonis thatonly very simple mathematical modelshaveexact analytical
solutions. For example,a simplistic model of the growth of a deer population in a forest
would state that the growth proceeds at a rateproportional to thenumberof animals. That
relationcanbe expressedasa simpleequation, a solution of that equation would give the
populationsizeasa functionof time. In fact, thegrowthof thepopulation is alsoa function
of the amountof food availablein theforest, which itself changes at a rate thatdepends on
thewaytheforestismanaged,andsoon.To model theserelationshipsproperlyoneneedsa
systemof equations for which thereis no exactsolution,only approximateones.
This exampleis typical of systemsmodels.By their very nature, they do not haveexact
analytical solutions.They mustbe solvedby numerical methods, that is to say, essentially
by trial and error. But algorithms can decrease the number of trials considerably.
Algorithms are methods of calculation that ensure that, starting from a rough
approximation, a goodsolutionis approachedwithin a reasonablenumber of steps.
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Algorithmshavelong beenusedin approximating solutionsof equations. But thepowerof
algorithmshas been increasedimmenselyby computers. The advent of computers has
caused a scientific revolution similar to the discovery of differential and integralcalculus.
Problems that a mere50 yearsagocould not evenbe considered arenow routinelysolved
in a few seconds on a personalcomputer.Computerscan now easily determine the best
solution to problemswith severalthousandvariablesand as many constraintson thevalues
of thesevariables.Thesearchfor optimality, that is, seeking not just a solution but thebest

solution among a possiblyinfinite number of solutions, is a recurring themein operations
research.

1.3.5. Good models

Theavailability of powerful andcheapcomputersis not without dangers.In forestry,asin
other fields, it has often led to the development of many awkward, expensive, and
cumbersomemodels. A good roadmap does not need confusing topographical detail.
Similarly, the best forestsystemmodelsareusually the simplestonesthat reflect the key
elementsof the questionto be answered.Too manytimes, models havebeensought that
could “do everything”.It is usuallybetter to precisely define theproblemto besolvedand
to limit a modelstrictly to thatproblem.In this respect,onecanrecognizethree elements in
model development: problem definition, model building and model implementation.
Thereis a tight dependencybetweenthem.A well-definedproblemis half solved,andthe
solution of a well-definedproblemis likely to be readily understoodand implemented.To
beanygood, modelsmustultimatelyhelp managers make decisions. Thus, it is unfortunate
thatmanagersdonot usuallybuild modelsthemselves.
A recent development that is helpingto bridge the gap between forest resource managers
and model builders is the popularity of computer spreadsheets.Most managers are now
using spreadsheetsroutinely for a variety of purposes. Modern spreadsheets have
sophisticated built-in functions, including optimizers that avoid the needfor specialized
computer programming. A spreadsheetis an idealmedium for managersto developsimple,
small, purpose-orientedmodelson their own (BUONGIORNO and GILLESS 2003). A full
implementation of simple modelsmay requirespecialized software or programming, but
the approachitself ceasesto bea “black box” with little managerial inputor understanding
(JOHNSEN et al. 2000).
Good modelingis not a way of computing,but rathera way of thinking. More thanfinding
a particular solution, good models shouldhelp forest resourcemanagers reasonthrougha
problem in a logical manner.Thus,althoughthe quality of data underlying the model is
important, it is not critical. Much useful understandingof a problem can be acquired by
building a model with very rough data. All important decisions must often be made
quickly. Good models do not needthe perfect dataset to materialize. Instead, they help
make thebestdecisionpossiblein a timely fashion with whatever dataareavailable.



57

1.3.6. DSS and S-DSS models

1.3.6.1. Decision Support Systems origins

The conceptof DecisionSupport System(DSS) is based on the seminal work by Simon
and associates in 1950sand 1960s (SIMON 1960). During the years1960s, researchers
began systematicallystudying the use of computerized quantitative models to assistin
decisionmakingandplanning (RAYMOND 1966; TURBAN 1967; URBAN 1967). FERGUSON

and JONES (1969) reportedthe first experimentalstudy using a computeraided decision
system.Theyinvestigateda productionscheduling application running on anIBM 7094. In
retrospect, a major historical turning point wasSCOTT MORTON's (1967)dissertationfield
researchat HarvardUniversity.Scott Morton’s study involved building, implementingand
then testing an interactive,model-driven management decision system.The concept of
decision support systemswas first articulated by Scott Morton in February 1964 in a
basement office in Sherman Hall, HarvardBusiness School (POWER 2007). During 1966,
SCOTT MORTON (1971) studiedhow computersandanalytical models could help managers
make a recurring key businessplanning decision. He conducted an experimentin which
managers actuallyuseda ManagementDecision System(MDS). Marketing andproduction
managersused anMDS to coordinateproduction planningfor laundry equipment.
Thepioneeringwork of GeorgeDANTZIG andWOLFE (1960), DouglasENGELBART (1962)
andJayForresterlikely influencedthefeasibility of buildingcomputerized decision support
systems.In 1952, Dantzig becamea research mathematician at the Rand Corporation,
wherehe began implementinglinear programmingon its experimental computers. In the
mid-1960s,ENGELBART (1962) and colleaguesdevelopedthe fi rst hypermedia-groupware
systemcalledNLS (oNLine System).NLS facili tated the creation of digital libraries and
the storageand retrieval of electronic documents using hypertext. NLS also provided for
on-screenvideo teleconferencingand was a forerunnerto group decision support systems.
Forresterwas involved in building the SAGE (Semi-Automatic Ground Environment)air
defensesystem for North America completed in 1962 (EVERETT et al. 1963). SAGE is
probably the first computerizeddata-driven DSS. Also, Professor Forrester started the
System Dynamics Groupat the Massachusetts Institute of Technology SloanSchool. His
work on corporate modeling led to programming DYNAMO, a general simulation
compiler.
Keen and Stabell claim the concept of decision support systems evolved from "the
theoretical studiesof organizationaldecision making done at the Carnegie Institute of
Technology during the late 1950sand early '60s and the technicalwork on interactive
computer systems,mainly carriedout at the Massachusetts Instituteof Technologyin the
1960s. (KEEN and SCOTT MORTON 1978)". SIMON’s books (1947, 1960) and articles
provideacontext for understandingandsupporting decisionmaking.
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In 1960, J.C.R. LICKLIDER published his ideas about the future role of multiaccess
interactive computingin a papertitled “Man-ComputerSymbiosis.” He saw man-computer
interaction asenhancingboth thequality andefficiency of human problemsolvingandhis
paperprovided a guide for decadesof computer research to follow. Licklider was the
architect of Project MAC at MIT that furthered the study of interactive computing. By
April 1964,the developmentof the IBM System360 and other morepowerful mainframe
systemsmade it practicalandcost-effectiveto develop ManagementInformation Systems
(MIS) for largecompanies(DAVIS 1974). TheseearlyMIS focusedon providing managers
with structured, periodic reportsand the information was primarily from accounting and
transaction processingsystems,but thesystemsdid not provideinteractive support to assist
managers in decisionmaking.
Around1970 businessjournalsstartedto publish articleson management decision systems,
strategic planningsystemsand decisionsupport systems (SPRAGUE and WATSON 1979).
DSSevolved asa field of research,development, andpractice during the 1970s and80s
(SPRAGUE and WATSON 1996); the SDSS concept has evolved in parallel with DSS
(DENSHAM and GOODCHILD 1989). The first useof the term decision supportsystemwas
in GORRY and SCOTT-MORTON’s (1971)SloanManagementReview article. They argued
that Management Information Systemsprimarily focused on structured decisionsand
suggested that the supportinginformation systems for semi-structured and unstructured
decisionsshould betermed“DecisionSupportSystems”.
GERRITY (1971) focused on DecisionSupportSystems design issuesin his article titled
"The Design of Man-Machine Decision Systems: An Application to Portfolio
Management".His systemwas designed to support investment managersin their daily
administration of a clients'stock portfolio. JohnD.C. Little, alsoat MassachusettsInstitute
of Technology, was studying DSS for marketing. LITTLE and LODISH (1969) reported
researchon MEDIAC, a mediaplanning support system. Also, LITTLE (1970) identified
criteria for designing modelsand systemsto support managementdecision-making. His
four criteria included: robustness,easeof control,simplicity, andcompleteness of relevant
detail.All four criteriaremainrelevantin evaluating modernDecisionSupportSystems.By
1975, Littl e wasexpanding the frontiersof computer-supportedmodeling. His DSScalled
Brandaid (LITTLE 1975) was designed to support product, promotion, pricing and
advertisingdecisions.
In 1974, Gordon DAVIS, a Professor at the University of Minnesota, published his
influential text on Management Information Systems. He defined a Management
Information Systemas "an integrated,man/machine system for providing information to
support the operations, management, and decision-making functions in an organization". 
Davis's Chapter 12 was titled "Information System Support for Decision Making" and
Chapter 13 was titled "Information SystemSupport for Planningand Control". Davis’s
frameworkincorporatedcomputerizeddecision supportsystems into the emergingfield of
managementinformation systems.
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In 1995,KLEIN andMETHLIE notedthat“a study of theorigin of DSShasstill to bewritten.
It seems that thefirst DSSpapers werepublishedby PhDstudentsor professors in business
schools, who had accessto the first time-sharing computer system: Project MAC at the
Sloan School, the DartmouthTime SharingSystems at the Tuck School.In France,HEC
wasthe first Frenchbusinessschoolto have a time-sharingsystem(installedin 1967), and
the first DSSpaperswerepublishedby professorsof theSchoolin 1970”. 
 
1.3.6.2. Definitions

Definitions of decisionsupportsystemsrangefrom: “interactive computer basedsystems
that decision makersutilize dataandmodelsto solveunstructuredproblems”(GORRY and
MORTON, 1971) to “Any system that makes some contribution to decision making”
(SPRAGUE and WATSON, 1986). MALCZEWSKI (1997) statesthat SDSS is an interactive,
computer-basedsystemdesignedto supporta user or group of usersin achieving a higher
effectivenessof decisionmakingwhile solving asemi-structuredspatial decisionproblem.
A decision is a choice betweenalternatives. The alternatives may representdiff erent
optionsof action basedon differenthypothesesamongwhich a choice is desirable basedon
somecriteria.A criterion is somebasisfor adecision thatcan be measured andevaluated. It
is the evidence upon which a decisionis based. Criteria canbe of two kinds: constraints,
that excludeany kind of action and factors that act in favour of a specific decision. A
decisionis basedon a set of rules by which criteria are combinedto arrive at particular
decision(SPRAGUE 1980; SPRAGUE and CARLSON 1982). Decisionrules are structuredin
the context of a specificobjective,for example, to determine which area is suitable for a
givenactivity. To meeta specificobjectiveit is frequently thecasethat several criteria will
needto beevaluated(Multi -CriteriaEvaluation).
The decision support field is the “development of approaches for applying information
systemstechnology to increasetheeffectivenessof decision makers in situationswherethe
computer cansupport andenhancehuman judgement in theperformanceof tasks thathave
elementswhich cannot bespecifiedin advance” (SOL 1983).
Decisionsupport systemsmust provide integration of informationand feedbackloops to
support investigationin the quest for scientific discovery. The intangible factors in the
decisionmakingprocessmay be accounted for through information supplied and choices
madeby a decision-maker who operatesthe SDSS interactively or through an analyst
(LEVINE and POMEROL 2005).
The above suggestthat spatial decisionsupport systemsmay be developedas general-
purposetools for decision-making(GOODCHILD and DENSHAM 1990).Thespatial decision
support systems have been extensively and adequately covered in the literature
(GOODCHILD and DENSHAM 1990; CRAIG andDAVID 1991; DENSHAM 1991; MOON 1992;
NCGIA 1992). According to DENSHAM (1991) and GEOFFRION (1983),DecisionSupport
Systemshassix characteristics:
− Explicit designto solveproblems;
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− Powerful andeasy-to-handleuserinterface;
− Ability to flexibly combineanalytical modelswith data;
− Ability to explorethespaceanalysissolution by building alternatives;
− Capabilityof supportingavariety of decision-makingstyles;and
− Allowing interactiveandrecursiveproblemsolving.
Thedistinguishing capabilitiesandfunctionsof spatial DecisionSupport Systemsare to:
− Providemechanismsfor theinputof spatial data
− Allow representationof thespatial relations andstructures
− Includetheanalyticaltechniquesof spatial and geographical analysis
− Provideoutputin avarietyof spatialforms, includingmaps
Notwithstanding, in the specialisedliterature (HOLSAPPLE and WHINSTON 1996) DSS is
mainly viewedasa mathematicaltechniqueor a set of techniques for decision makingby
optimising something under some specific constraints, we consider SDSS in its broad
meaningasaninformationsystemthatcan beusedto support decisionsat spatiallevel. By
SDSSwe meanthe integrationof all themethodsand tools thatcan beuseful to build up a
decisionsupport systemfor spatially related problems. The system needsthe following
components:GIS, Data analysis and Image processing, modelling and Expert systems,
Simulation and Optimisation, Multi-Criteria Decision Analysis and a suitable User
Interface (FEDRA andFEOLI 1998)
The ultimate objective of a computerbasedspatial decision supportsystemfor integrated
ecosystem management is, or should be, to improve planning and decision making
processes by providing useful and scientifically sound information to the actors
involved in these processes, including public officials, planners and scientists, and the
general public.

SDSScomponents:
A Geographic Information System (GIS) is designed as a computertool to effic iently
capture, store, update, manipulate, analyse, and display all forms of geographically
referenced information (e.g., ESRI). A GIS typically links data from differentsets, using
geo-referencing,for example, spatialcoordinates, asacommonkeybetweenthedataset.
DataAnalysis and Imageprocessing: the maps obtained by GIS may be seennot only as
cartographic representationsof a classification of the landscapeat the endof an analytical
process,but mainly asdatasources for the landscape spatial patternanalysisthrough the
many different indices of the landscapestructure such as shape, fragmentation, fractal,
diversity, etc. (EBDON 1977; TURNER 1989; MILNE 1991; GARDNER and O'NEILL 1991;
FABBRI 1991; BAKER and YUNMING 1992; CULLINAM and THOMAS 1992; GUSTAFSONand
PARKER 1992; OLSEN et al. 1993). Many GIS have internal data analysis and image
processing systemsthat cancalculatedifferent pattern indices. SomeGIS such asIDRISI,
ILWIS, GRASS(seeMALCZEWSKI (1999) for a comparisonbetweendifferent GIS) have
the possibility to treat remotesensingdata(Imageprocessing) coming from LANDSAT,
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SPOT, NOAA, etc. however there aren’t GIS including data analytical and statistical
techniquesthatareableto classifyspecificOperational GeographicUnits (OGU) according
CROVELLO (1981). The classification may be obtained by applying the clustering
algorithms(ORLÓCI 1978; LEGENDRE and LEGENDRE 1983; GOODALL andFEOLI 1988) or
other multivariate techniques. FEOLI and ZUCCARELLO (1996) treat this aspect. GIS can
managedifferentOGUsto obtainmaps.
Modelling and expert systems: in GIS, the basic conceptis one of location, of spatial
distribution and relationship; basic elements are spatial objects. In environmental
modelling, by contrast,the basicconcept is one of state, expressed in terms of numbers,
mass,or energy, of interaction and dynamics; the basic elements may be biological,
chemical, andenvironmentalmediasuchasair, water or soil.
In a Multi-Criteria Evaluation(MCE), an attemptis madeto combinea set of criteria to
achievea singlecompositebasisfor a decisionaccordingto a specific objective (EASTMAN

et al. 1995). Decisionsabout the allocation of land typically involve the evaluation of
multiple criteria accordingto several,often conflicting-objectives (EASTMAN et al. 1995).
Making-decisionsaboutthe allocation of land is oneof the most fundamental activities of
resourcedevelopment(UNESCO 1993). With the developmentof GIS, we now have the
opportunity, for amoreexplicitly reasonedprocessof land-useevaluation(TUČEK 1994).
Theadvantageof MCE is that it providesa flexible way of dealing with qualitativemulti-
dimensionalenvironmentaleffectsof decisions (MUNDA 1995).
Although a varietyof techniquesexist for the development of weights for the criteria, one
of the most promisingwould appear to be that of PAIRWISE comparisonsdeveloped by
SAATY (1980) in the context of a decision making process known as the Analytical
Hierarchy Process(AHP). In the PAIRWISE comparison method the decision-maker is
asked to give therelativeimportanceto thecriteriaby comparingthemtwo by two.
Multi -Objective Evaluation(MOE): while many decisionswe make are prompted by a
single objective, it also happensthat we need to make decisions that satisfy several
objectives. A Multi -Objectiveproblem is encountered whenever we have two candidate
sets(i.e., setsof entries)that sharemembers.Theseobjectives may be complementary or
conflicting in nature(CARVER 1991). In caseof complementaryobjectives, multi-objective
decisions can often be solved through a hierarchical extension of the multi-criteria
evaluation process. For example,we might assign a weight to each of the objectivesand
usethesealongwith thesuitabilitymaps(seefigure1.3.6.2) developedfor each to combine
them into a single suitability map indicating the degree to which areas meet all of the
objectivesconsidered(VOOGD 1983; KRČ 2006).
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Figure1.3.6.2: Example on how suitability files are derived by KRČ (2006) in his model
selectingthe most suitableskidding mean. It is based on a weighted linearcombination
of factorsandasquarereciprocalmatrix of pairwisecomparisonbetween thecriteria.

However, with conflicting objectivesthe procedure is more involved. With conflicting
objectives, it is sometimespossible to rank order to objectives and reach a prioritised
solution (ROSENTHAL 1985). In thesecases,the needsof higher ranked objectives are
satisfied beforethoseof lower rankedobjectivesare dealt with. However, this is often not
possible,andthe mostcommonsolution to conflicting objectives is the development of a
compromisesolution. Undoubtedlythemost commonlyemployed techniquesfor resolving
conflicting objectives are those involving optimisation of a choice function such as
mathematicalprogramming(FEIERING 1986) or goal programming(Ignizio 1985). In both,
the concernis to developanallocationof theland that maximisesor minimises anobjective
function subject to aseriesof constraints.
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1.3.6.3. Principles of SDSS

TheDDM paradigm: the technologyfor a DSSmustconsist of threesets of capabilities in
the areas of dialog, data, and modeling (the DDM paradigm) (SPRAGUE and WATSON,
1996).A well-design SDSSshouldhavebalanceamong thethreecapabilit ies.
Thecomponentsof SDSSarethree:

- the Data Base Management System
(DBMS) which contains the functions
to manage thegeographic data base;

- the Model Base Management System
(MBMS) which containsthe functions
to manage themodel base;

- the Dialog Generation and Manage-
ment System (DGMS) which manages
the interface betweenthe userand the
restof thesystem.

Figure1.3.6.3:thecomponentsof SDSS

There are different technologies for developing SDSS (CROSSLAND et al. 1995;
MALCZEWSKI 1997):
- DSS tools facilitate the developmentof either a DSS generator or a specific DSS;

examplesinclude:
o procedural programminglanguagesand codelibraries (e.g., Arc Macro Language

(AML) scripting tool of ARC/INFO, Avenue - ArcView GIS software's built-in
object-oriented scripting language,TransCAD - Caliper Script macro language,
MapInfo - MapBasic);

o visual programminglanguage(e.g.STELLA II, Cantataand Khoros);
o inter-application communication software (e.g. dynamic data exchange (DDE),

objectlinking (OLE), opendatabaseconnectivity (ODBC));
o simulation languagesandsoftware(e.g.SIMULINK, SIMULA);
o application programming interfaces(API) (e.g. the IBM's geoManagerAPI, Java

Advanced ImagingAPI, TransCAD's API);
o applets(e.g.GISApplet, MicrosoftVisualJ++),
o visual interfaces,graphicsand color subroutines (e.g. graphical user interfaces -

GUI).
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Table 1.3.6.3: thefunctionsof SDSS

Components Functions
DATA BASE AND

MANAGEMENT

• Types of data
o locational(e.g.coordinates)
o topological(e.g. points,lines,polygons andrelationships

betweenthem)
o attributes(e.g.geology,elevation,transportationnetwork)

• Logical Data Views
o relational DBMS
o hierarchical DBMS
o networkDBMS
o object-orientedDBMS

• Management of Internal and External Databases
o acquisition / manipulation
o storage/ directory
o retrieval / queries/ integration

MODEL BASE AND

MANAGEMENT

• Analysis
o goalseeking
o optimization
o simulation
o what-if

• Statistics and forecasting
o exploratoryspatial dataanalysis
o confirmatory spatial dataanalysis
o timeseries
o geo-statistics

• Modeling decision maker's preference
o valuestructure
o hierarchical structureof goals,evaluationcriteria,objectivesand

attributes
o pairwisecomparison
o multi -attributevalue/utility
o consensusmodeling

• Modeling uncertainty
o datauncertainty
o decisionruleuncertainty
o sensitivityanalysis
o errorpropagationanalysis

DIALOG

MANAGEMENT

• User friendliness
o consistent,naturallanguagecomments
o helpanderrormessages
o novice andexpert mode

• Variety of dialog styles
o commandlines
o pull-down menus
o dialogueboxes
o graphicaluserinterfaces

• Graphical and tabular display
o visualizationin thedecision space(high-resolutioncartographic

displays)
o visualizationin thedecision outcomespace(e.g. two andthree-

dimensional scatterplots andgraphs, tabularrapports)
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- DSS generator is a packageof relatedhardware and software which providesa set of
capabilitiesto quickly andeasilybuild aspecific SDSS;examplesinclude:
o GISystems(e.g.ARC/INFO, ArcView, ARCNetwork, SpatialAnalyst, MapObjects

LT, GRASS, IDRISI, MapInfo, TransCAD);
o databasepackages (e.g. dBase,Access, Paradox);
o decision analysis and optimization software (e.g. LINDO, EXPERT CHOICE,

LOGICAL DECISION);
o statisticalandgeo-statistical software(e.g.S-PLUS, SPSS,SAS);
o simulation (e.g.SpatialModellingEnvironment);

- Specific DSS aresystemsdevotedto theanalysisof a particular set of decision problems;
the systemswhich actually support the decision makers in tackling semi-structured
problems;examplesinclude:
o Active ResponseGeographicInformation System;
o IDRISI DecisionSupport;
o GeoMed;
o Spatial GroupChoice;
o winR+GIS Spatial DecisionSupport.

Figure1.3.6.3.2:Threelevelsof DSStechnology (SpragueandWatson,1996)
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2. AIM

Planning forest harvesting systems is a complex undertaking. Many factors must be
considered: thephysical characteristicsof theterrain, theforeststand, the climate, theforest
managementandsylvicultural plans,theproduct,labor, logging equipmentandthemethod
of measuringproduction (FAO 1977). Al l the factors havebeen studied according to the
typical mountainousalpineItalian forestand consideredwhile building a Spatial Decision
Support Model (SDSS)for planningforest operations.The modelwas conceived as a GIS
tool, working on GIS ArcMapsoftware,and user friendly as much as possible to be shared
with other researchers.Consequently to its building phase, a validation and a sensitivity
analysis were carried on to verify results. The model, called Forest Operations Planning
(FOpP),would beusefulnot only at theassessmentstage, but also when analyzing the road
networkand its influenceon logging costs(for example whenevaluating a new forestroad
project).



68



69

3. METHODS

3.1. TERRAIN EVALUATI ON AND GRADEABILITY

Systematic terrain classificationfor forestrywasoriginall y startedafter World War II in the
Nordic countries,particularly in Norway (AA.VV. 1961; ANDERSON 1985; BONASSO

1989). During the last two decades numerous proposal for characterization and
classification of forest land havebeensubmitted.In several countries (Norway, Sweden,
UnitedKingdom,NorthernItaly) terrainclassification hasalready been in usefor scientific
andpractical purposesfor years(LÖFFLER 1984). For more thana decadeFAO, the Joint
Committee and IUFRO have beenattempting to unify or make comparable at least the
variousapproaches,so far, however,without success.After preparatory work by ROWAN

(1977) the Joint Committeestartedanother attempt in 1978. In accordancewith IUFRO a
group of experts,composedof members from Canada, the United Kingdom, the Federal
Republic of Germany,Finland, Yugoslavia, Norway, the Soviet Union, Sweden and the
United States of America, was formed and commissioned to elaborate a proposal for a
terrain classification systemfor forestry. Thereport(LÖFFLER1984)is the resultsof several
consultationsandwrittencontributions.

3.1.1 Terrain classification for forestry – definition and purposes

Thetechnicalpossibilitiesarelimited andthecost of forest operationsareinfluencedby the
accessibility of forest land. Due to this relation the kind and intensity of the management
and treatment of forestsalso dependupon accessibil ity. In this context forest operations
include all operational field activities necessary to establishor re-establish, to tend, to
protect, to openup and to harvestforests. As pointed out by SAMSET (1971 and 1975)
accessibility isa functionof:

- thetransportconditionsor infrastructureon theonehand,andof
- theterrain conditions betweenthetransportlineson theotherhand.

Transport conditionsor infrastructuremeans the connection of a forestareawith the public
transportnetwork aswell as the internalopening up of a forestareaby means of transport
lines, mainly by roads. Terrain classification (for forestry) is understood as the
characterization and grouping of forest land according to the accessibility or, in other
words,according to thedegreeof difficulty andto thepossibilities and limitations of forest
operations.In some cases terrain classification is seenin a narrower senseand restricted
merely to the characterizationof the terrain conditions, i.e. without considering the
infrastructural situation.
For numerouspurposesterrainclassification is a necessary or at least a useful instrument in
the scienceand practice of forestry.Following the example of a similar list of the British
Forestry Commission (ANONYMOUS 1975), three groups of application with different
requirements asto the sizeof the areasto be characterized andto the minutenessof detail
of description andclassificationcanbedistinguished:
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- Long-term management planning, referring to areasof medium (managementunit,
forestenterprise)or largesize(region,province,country) taking only the permanent
and “average” or “normal” terrain conditions into consideration and with low to
medium requirementswith regardto theaccuracyanddetail of terrain description.

- Medium-term operationalplanning, referringmainly to areasof medium size andwith
medium requirementsasto accuracyandintensity of terrain characterization.

- Short-term operational planning, working site assessment and follow-up, dealing
with the planning and control of activities to be carried out in the near future or
already executed,relatedto small areas(individual and identifiable working sites),
with medium to high requirementsas to accuracy and detail (figure 3.1.4.c and
3.1.4.d)andwith thenecessityto considertheup-to-date terrain conditions.

Theimportanceof auniformor at leastcomparableterrain description and classificationfor
exchangeof knowledge and experienceon an international level may be pointed out in
particular. Information on performanceand cost of equipment and operational activities
cannotbe interpretedand transformedto other situations unless the conditionson which
they have beenobtainedarementioned(BEKKER 1969; BERG 1992). So far manyvaluable
data cannot be utilized elsewhere,since information on the terrain and infrastructural
conditionsaremissingor notcomparable.

Typesof terrain classificationsystems
The scientific findings andpracticalexperienceindicate clearly that one hasto distinguish
between:
- adescriptiveor primaryterrainclassification system, and
- functionalor secondaryterrainclassification systems.
A descriptive or primary terrain classificationsystem describesand classifies forest land
accordingto the terrain featuresinfluencing the degree of difficulty of forest operations.
Functionalor secondaryterrainclassification systems describe andclassify forestland with
regardto thepossibilities andlimitationsof operationalmethods and technicalequipment.
A functional terrain classification refers always to a defined operation or equipment.
Typical and commonlyusedfunctional terrain classification systems are for example the
groupingof forestlandaccordingto thetrafficability for off-roadvehicles like tractorsand
skidders,or according to theworkability of thesoil andtheapplicabilityof soil preparation
and planting equipment respectively. For functional classification systems the very
different regionalandlocal conditionsandneedshaveto be considered. Besides,with the
developmentof technical equipmentandworking methods functionalsystemsbecome out
of date, and new techniquesrequire the adjustment and modification of functional
classification. A descriptive terrain classification system must provide the possibility to
characterizeand classifythe terrainwith different intensity andconsequently with varying
degreesof generalization. In orderto guaranteethis flexibilit y, it is recommendedthat two
classification levelsshouldbeenvisaged(IUFRO 1967; SAMSET 1971):
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- a macro descriptionof terrainor regional terrain classifi cation or classification on the
reconnaissanceor upper level,and

- a micro descriptionof terrainor local terrain classificationor terrain classification on
thelower level,

eachof themto beappliedseparately or combinedand each of themto beworkedout with
varying degreesof intensity.
Terrainparametersarepropertiesof the terrain whichdeterminethedegreeof difficulty and
the possibilit y and limits of forest operations and are used for characterization and
classification of the terrain.In relationto temporal variability the terrain parameters canbe
differentiatedasfollows:

- permanentor invariablefeatures
- featuressubjectto seasonalvariations(affectedby weatherconditions)
- features subject to medium- to long-term changes(decay of stumps and logging

residues,constructionof newroads)
It dependsupon thepurposeof theclassification, which stateof thevariablefeatureshasto
be considered. As a rule for medium- to long-term planning purposes the “average” or
“normal” state of featuressubject to seasonal variations should be taken as a basis.
“Average” or “normal” conditionsmean:normalmoistureconditions in summerand frost-
or snow-free ground. In the case of short-term operational planning, working site
assessmentand follow-up the variablefeaturesmust be considered, if at all, in the stateat
the time theoperationwill becarriedout. An entirepicture of theoperational conditions in
anarea(accessibility) requires,in addition,information on theinfrastructural situation.
The underlined terrain parametersin table 3.1.1.a have been considered as factors
influencing the choiceof the skidding system inside the model. All othersmay be also
includedbut they aresometimesredundant or their importanceis lessthenthediff iculty to
find data about.On thenextpages,terrain parametersused insidethemodelwill bedeeply
explained.

3.1.2 Terrain parameters

Macro description and Classification of terrain

Climatic conditions
Thefactorclimateis to bedescribedby thefollowingobligatory features:
climaticzone,distinguishingarctic,sub-arctic, temperate,sub-tropicaland tropical
climatic type(maritime or continental)
For more detailed characterizationoptional features may be used: mean annual
precipitation, meanannualtemperature,numberof daysper yearwith frost andsnow cover.
Thesedataareusuallygivenby regionalenvironmentalagencies(e.g.ARPAV) for freeor
paying a small fee. If possible it would be better to use specific dataof meteo-station near
theplaceof planning.
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Table 3.1.1.a:terrainparameterson macro and micro classification level. The underlined
factorsare includedin themodelfunctioning.
Upper classification level Micro classification level

Terrainparameters Terrain parameters Variability
Macrotopography
-cumulatedslopeclass
frequency
-macrotopographyclass

Climatic conditions
-climatic zone
-climatic type
-meanannual rainfall
-meanannual temperature
-numberof daysperyear
with frost
-numberof daysperyear
with snow cover

Geology
-parentmaterial
-modeof formation

Ground conditions
-prevailing (textural) soil
class
-prevailing drainage
conditions

Infrastructure
-forestinfrastructure
(density of truck roads
inside forest)
-public infrastructure

Ground conditions
-soil strengthclass(according
to textureanddrainage
conditionsandpossiblyto bulk
density)
-soil depth
-strenghtening factors(roots,
ets…)
-frost

Ground roughness
-ground roughnessclass
(according to sizeandheightof
permanent obstacles)
-temporary obstacles (logging
residues,stumps)

Slope conditions
-slopegradient(inclination)
class
-shapeor type of slope
-lengthof slope

Infrastructure
-off-road transportation
distanceclass

Snow conditions

Seasonalvariations

Invariable(permanent)

Medium-termchanges

Seasonalvariations

Invariable(permanent)

Medium-termchanges

Invariable(permanent)

Invariable(permanent)

Medium- to long-term
changes

Seasonalvariations

Geology and ground conditions
For reasonsof operational orientedterrain classification information about the geological
situation(parentor geneticmaterialandmodeof formationof thesoil material) is valuable,
but of lessimportance,however,ascompared to the factorsmacro-topography, climate and
groundconditions. If the geologicalsituation is described this should bedone according to
the following rules:
-asto theparent(genetic)materialthecustomary terms might beused
-as to the mode of formationof the soil material the following terminology, proposed by
CanadianResource AnalysisBranch(GOLOB 1978;TSAY 1979;MELLGREN 1980b),canbe
applied:
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A Anthropogenic O Organic
C Colluvial R Bedrock
E Eolian SSaprolite
F Fluvial V Volcanic
I Ice W Marine
L Lacustrine U Undifferentiated

Within the scope of macro descriptionthe terrain factor “prevailing soil class” is to be
typifiedby oneof thefollowing four soil classes:
1 coarse-texturedsoils (gravelandcoarsesand,sand,loamysand)
2 medium-textured soils (sandy loam, fine sandy loam, very fine sandy loam, silt

loam,loam,clay loam,silty clay loam)
3 fine-texturedsoils (silt, sandy clay, silt y clay, clay)
4 organicsoils (contentof organicsmorethan 30%)
In thecasewhere otherclassesthanthepredominantoneoccur on a noticeable percentage
of thearea(more than10%),this shouldbenoted.

Micro descriptionandClassificationof terrain
Theclassificationon thelower (or micro) level is intended to serve thefollowing purposes:
- to characterize smallerareaswhich asa rule aredelineated on the map and in the field
respectively andconsequentlyareidentifiable,
- to give a statistical breakdownon the terrain conditions (terrain classes) of large areas,
based on theclassificationof sampleplotsusingthe rulesof micro classification.
While terrainclassificationon the upper or reconnaissancelevel in formal and taxonomic
respect (macro description) is a moreverbal description, it is recommended, in principle,to
useterrain condition classesat thelevel of micro classification(LÖFFLER 1984).

Soil strength class
First of all, trafficability of soils,which is the capacity of the groundto support vehicular
off-roadmovementor the interactionof vehicle andsoil, and the workability of soils, which
meansthe interactionof soil working tools and the soil, should be recorded.Finally, a
classification of ground conditions should provide information concerning the main
behaviorof soils from thecivil engineeringpoint of view (constructionof forest roads)and
the sensitivity of soils to compaction and erosion as far as influenced by and depending
upon soil conditions. Thesesoil or ground properties are first of all a function of soil
strength and consequentlysoil strength should be used as main criterion for the
characterization and classificationof ground conditions within the scope of a descriptive
terrain classification system.However, to classify forest soils according to soil strength
causesconsiderabledifficulti es:
- evenamongst the expertsdivergingopinions exist asto which method should beusedto
measure soil strength andhow it shouldbe expressednumerically (CBR-value, coneindex,
modulus of elasticity as received by the plate bearing test, parametric methods like
bevameter,etc…)
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- until now litt le wasknownaboutthestrengthof forestsoils
Agreement hasbeenreachedat leastto thepoint where soil strength,asit is understoodin
thatconnection, is correlatedwith thefollowingphysical propertiesof a soil:

- soil type(soil texture)
- soil moisturecontentandsoil drainageconditionsrespectively
- soil dry density(bulk density)
- soil depth(depthof unconsolidatedmaterial)
- strengthening factorslike stoniness,rootsand slash cover

With the presentknowledgeand experience, ground condition may be classified with 5
classes:

- verystrong
- strong
- medium
- weak
- veryweak.

According to the (prevailing) texture of the surface layer (30 cm) and to the drainage
conditionsasoil is classifiedin oneof theaforementioned classes:

a) Gravell y (gravels,loamy gravels,gravelly sands)
b) Sandy (sands,loamysands)
c) Coarseloamy (sandyloamsandloamswith lessthan18%clay)
d) Fineloamy (silt loamsandloamswith morethan 18% clay loams,clay loams)
e) Clayey (sandyclays,silty clays,clays)
f) Organic (muckandpeat)

Thesoil drainageclassesreferto thefrequencyandduration of periodswhenthesoil is free
of saturation or partial saturation. The classes indicate the combined influence of
precipitation, runoff andponding,soil permeability and internal soil drainage. The classes
are used extensively in pedology and soil surveying as a means of characterizingthe
seasonal soil moisturevariations(AA.VV. 1975). The definitions of the drainageclasses
areasfollows:
- Excessively drained – wateris removed from thesoil very rapidly, commonly due to very

poroussoil or a combinationof poroussoil and slopeand steepslope.Soils are freeof
gley mottlesindicativeof wetness,andareseldom saturated

- Well drained – water is removed from the soil readily, but not rapidly. Porosity is
sufficiently rapid and/orinfiltration suffi ciently slow to preventsaturation except for a
fewbrief periodsfollowing theheaviestrainfalls. Soil is freeof gley(gray) mottles.

- Moderately well drained – wateris removedfrom thesoil somewhat slowly, in mostsoils
of this typebecauseof a slowly permeable layer deep in the soil, a high water table,or
additions of water throughseepage.Soil has gley mottles deepin the profile, usually
between 1.5 and 2.5m, andis saturatedfor shortperiods.

- Imperfectly drained – water is removedfrom the soil slowly enough to keep it saturated
for significant periods,but lessthanhalf the time in the average year.Gley mottlesare
presentin theupper1.5 m of thesoil.
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- Poorly drained – water is removed so slowly that the soil remainssaturated for a large
part of thetime.Gley colorsaredominant in theupper 1.5m of thesoil.

- Very poorly drained – water is removed from the soil so slowly that the water table
remainsat or near the surfacethe greater part of the time. Areasof these soils are
frequentlyponded. Gleycolorsdominate.

If it is impossiblehereto go into detailsof soil physics andsoil mechanics. Thebasic soil
strength classificationmaybeusedflexibly in the following way:
- thefive mainstrengthclassescanbefurthersub-dividedby formingsub-classes
- theclassificationaccordingto therulesof soil strengthconditions maybevaried
- soil drainageclassifi cationshouldbederived from thedescriptive classification
The information necessaryto assessthe ground conditions can be obtained by ad hoc
investigations of soil samples, but here were derived from already existing soil
classificationsdevelopedfor otherpurposes(soil stability) .

Groundroughness
Ground roughnessis determinedby the size (height) and incidence of obstacles(Samset
1975; Mellgren1980). Thetermobstaclerefers to:

- depressions that havehardedgesandarewell defined. Relative to ground level, a
depression must be at least0.2 m. Depressionswith an average diameter greater
thansix timesthedeptharenot included,unlesstheedges areverysharp.

- Stones, bouldersandground obstructionsat least0.1 m high. The following rules
areappliedto accumulationsof stonesandrocks.

• RULE 1: a stone,whosecentreis closerto thatof anadjacent, larger stone than the
heightof the largerstone,is not counted

Figure 3.1.2.a: on the left side, the stone in “shadow” of larger stone is not
counted;on the right side,thecentreof thestone(imaginary centre of gravity) is
outsidethe“shadow” of thelargerstone:counted.

• RULE 2: a stone whosecentreis closerto the circumferenceof an adjacent, larger
stone than twice its ownheight, andwhose height is lessthan a quarterof thatof the
largerstone,is not counted.
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Figure3.1.2.b:on the left: thecenterof this smaller stoneis closerthan twice its
height to the circumferenceof thelargerstone,not counted.On theright side, the
height of the smaller stoneis more than a quarter of that of the larger stone,
counted.

The height of an obstacleis determinedby taking the mean value of two measurements
(ROWAN 1977;LÖFFLER 1984):

Stumpsand logging residues,which will bedegradedin time, are not counted asobstacles
in thecontext of adescriptiveterrainclassification.
Obstaclesareclassifiedasfollows:
1) by height:

Height class H20 H40 H60 H80 H100 H130
Limits (m) 0.1-0.3 0.3-0.5 0.5-0.7 0.7-0.9 0.9-1.1 1.1-1.5

2) by incidence(TERLESK 1983):

Distance betweenobstacles(m) Number of obstacles
per ha

Isolated > 16 < 40
Infrequent 5 to 16 40– 400
Moderately frequent 1.6to 5 400– 4000
Frequent < 1.6 > 4000

Basedon size (height) and incidenceof obstacles the ground roughness class of an area
maybeassessedaccording to table3.1.2.a.



77

Table 3.1.2.a:assessmentof ground roughness class. The obstacle density considersthe
number perhectareandaveragedistancebetweenobstacles.

Heightclass
H20 H40 H60 H80+

Ground
roughness
class

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

Isolated (< 40/ha; > 16m)

No otherclassesrepresented

1 Smooth

Moderately
frequent
(400-4000/ha;
1.6-5 m)

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

Isolated
(< 40/ha; > 16m)

No otherclassesrepresented

2 Slightly
uneven

Frequent
(> 4000/ha;
< 1.6m)

Moderately
frequent (400-
4000/ha;1.6-5 m)

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

Isolated
(< 40/ha;
> 16m)

3 Uneven

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

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

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

4 Rough

All surfaceswith ground roughnessmore difficult than that of
class4

5 Very
rough

Figure 3.1.2.c: example of terrain roughness on the Italian North-eastern alpine study
area.On theleft sideasmoothterrainandon theright averyrough surface.

Inside themodel, a simplified version of ground roughnessclassification (table3.1.2.b) was
usedaccordingto HIPPOLITI and PIEGAI (2000). 
Table 3.1.2.b: ground roughnessasconsideredby the model
Surfaceoccupied(%) Obstacledimension (m) Max distance (m) Class

If notdefined If not defined If not defined 0 -
< 33 < 0.5 > 2.5 1 Smooth

33 - 66 < 0.5 < 2.5 2 Uneven
> 66 > 0.5 < 2.5 3 Rough
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Slope conditions
Slopeconditionsarecharacterized by:
gradient(inclination) asmainandobligatoryparameter
shapeor typepf slopeandlengthof slopeasoptional factors
The gradient is given asa percentageor in degrees. It should be measured (assessed) over
horizontaldistancesof approximately25 m in the direction of themaximuminclination,i.e.
perpendicularto contours.
Slopeclassesmaybedeterminedfromthegradientvaluesrecorded asin table3.1.2.c.

Table 3.1.2.c:slopegradientclasses(Rowan1977;Löffl er1979)
Slope Gradient Designation
class percent degree
1 0 – 10 0 – 6 Level terrain
2 10– 20 6 – 11 Gentle terrain
3 20– 33 11– 18 Moderate terrain
4 33– 50 18– 27 Steepterrain
5 > 50 > 27 Verysteep terrain

For smaller areaswith more or less uniform relief, specific terms may be used (fi gure
3.1.2.d)(SAMSET 1971).
In the caseof larger areaswith irregular relief, for examplewith a heterogeneous slope
pattern,the characterizationusedin the Norwegian terrain classification (KIELLAND-LUND

1963;CARLSSONet al. 1969;SAMSET 1975) canbeapplied(figure3.1.2.e).

Regularslope

Undulating slope

Terracedslope

Concaveslope

Convex slope

Figure3.1.2.d: relief description Figure 3.1.2.e: large areas irregular relief
description. 1) Uniform hillsides, 2)
Basinshapedhill sides, 3) Close valleys, 4)
Coneshapedhillsides,5) Plateaux
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Theslopelength is classifiedaccordingto:
- the uninterrupted length, i.e. theoverall length of a slopefrom thebottom to the top

or to a forest(truck) road,regardlessof terraces,ditches,etc…
- the interrupted length, i.e. the most frequent length of regular stretchesof slope

betweenterraces,ditches,etc…, occurringwithin theoverall length.This interrupted
length is usuallyregardedasamarginalclass.

Thelength of aslopemaybeclassifiedaccording to thefollowing scale
Class1 25– 100m
Class2 100– 200 m
Class3 200– 300 m
Class4 300– 700 m
Class5 > 700m

Off-road distance class
On the level of micro classificationtheinfrastructural conditions maybecharacterized best
by themeanoff-road transportation(skidding,extraction) distance, which is definedasthe
average distancebetweenstum-site and the next forest (truck) road or storageplace for
further transportation. The rangeof the off-road transportation distance is grouped into
classesasfollows:
Class1 < 100m
Class2 100– 250 m
Class3 250– 500 m
Class4 500– 1000m
Class5 > 1000m
For a very exact description, as on the occasion of scientific studies (machines
productiviti es), it might be recommendable to report the concrete value. The mean
(realistic) off -roadtransportationdistancecanbeachieved in two ways:
- by direct measurementon the topographical map according to the point-grid method
suggested by SEGEBADEN et al. (1964)
- by an indirect way with the help of road density (RD in m/ha) and road spacing
respectively and road network factor (f) appropriate to the area under consideration. The
meanoff-roadtransportationdistance(TD) is then:
TD = (f · 250) / RD [m]

3.1.3 Gradeability

The completeterraindescriptionand classification of an area(a site, a sampleplot, etc..)
under operational aspectsis representedby the terrain condition or accessibilityclass.To
this, the classes(and additional information) of the single features are combined in the
following sequence and importance: ground conditions, ground roughness, slope
conditions, infrastructureand snow conditions. As an example, the terrain description on
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the micro level might be representedby a number sequence(table 3.1.3.a and figure
3.1.3.a):
2.3.3.4where 2 meansstrongsoil

3 meansunevensurface
3 meansmoderateterrain
4 meansoff-roadtransportation(distancebetween 500and1000)

Table 3.1.3.a: functionalclassificationfor use of harvesting machinery(terrain limitations).
Numbersreferin orderto groundcondition class,groundroughnessclassandslopeclass.

Off-roadmovementrestrictedOff-road movementon
slopes un-restricted
(parallel contour)

Downhill only Uphill only
Typeof equipment

Worstterrain classonwhichmachinecanbeexpectedto operate
Agriculturaltractor 2/3.2.2 3.3.3 2.3.2
Skidder 3.3.3 3.4.4 3.4.3
Forwarder 3.2/3.3 3.3/4.4 3.3/4.3
Crawler tractor 3/4.3.3 4.4.4 4.4.3/4
Cable cranes 5.5.5

Figure 3.1.3.a: on the left a long-term activity planning, on the right a detailed
operational planning. Reference to terrain strength, ground roughness and gradients
(LÖFFLER 1984)

To evaluate performancecharacteristicsof off-road vehicles, different criteria were
proposed such as drawbar performance, transport productivity and maximum feasible
operating speed(WONG 1993). Mobility is a multidimensional concept which considers
vehicle performancein relation to terrain stability, obstacle and slope negotiation, water
crossing,andride quality (WONG 1993).To evaluateperformanceof carriers on slopes,an
analysis of relationships between vehicle parameters, slope negotiation, and terrain
properties is of primary importance(BONASSO 1989; HEINIMA NN 1999). Terramechanics
offers three basic approachesto this analysis: (1) empirical, (2) analytical, and (3)
numerical (computeraided,seeWONG 1994). Analytical andnumericalmodelsarebased
on the plasticequilibrium theory andrequirea parametric description of the soil’s plastic
behaviour. In keeping with the work of BEKKER (1956 and 1969) usually five soil
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parameters must be determined.This limits covering the variability of soil properties in
space andtime.
Therefore empirical approachesbasedon characterizing soil propertiesby the Cone Index
(CI) aremoresuitableandwereusedfor thecurrent analysis. Following engineering design
equilibrium principles, single wheel and single track conditions may be formulated,
respectively, asshownbelow:
For powereduphill motion,

[ ] Ftowaccslopethrust
r

FFFR γ
γ

⋅++=⋅
1

[1]

for brakeddownhill motion,

( )[ ] Ftowaccslopethrust
r

FFFR γ
γ

⋅−−=⋅
1

[2]

and for powereddownhill motion

[ ] Ftowaccslopethrust
r

FFFR γ
γ

⋅++−=⋅
1

[3]

where Rthrust= Thrustresistanceof thesoil
Fslope = Slopeaction(driving effect of gravityon an inclinedplane)
Facc= Accelerationaction(a·mass)(a> 0 acceleration, a< 0 deceleration)
Ftow = Soil action against moving of a wheel/track(towing)
γr = Resistancefactor
γF = Action factor

Downhill motion requirestwo equilibrium conditions [1] and [2] considering that the
towing action Ftow can become greater than the sum of the slope action Fslope and the
decelerationactionFacc.
Gradeability wasanalyzed to evaluateperformanceof carrierplatforms basedon thework
of BRIXIUS (1987) for wheeled, and HALEY et al. (1979), for tracked vehicles. Figure
3.1.3.b presents the relationships betweengradeabili ty, soil properties and wheel/track
characteristics.
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Figure 3.1.3.b: gradeability for tracked and wheeled carriers as a function of soil
properties(ConeIndex).

The underlying vehicle parametersare typical for the IMPEX “Bengal Tiger„ tracked
harvester, theFMG Timberjack1270Bwheeledharvester (600/55-26.5tires),andthe FMG
1710 clambunkskidder (800/40-26.5 tires). The derived gradeability curves agree quite
well with figures of WONG (1993). In most textbooks on forest operations, limits of
mobility areprovidedin termsof maximumnegotiable slopegradient.
Results in figure 3.1.3.b show that slope gradient alone is not an adequate criterion. Soil
bearing capacitymust be taken into consideration, especially on soft ground conditions
(WRONSKI et al. 1989; HEINIMANN 1999, EICHRODT 2003). Wheeled carrier harvesting
systems shouldbe applied only to soil with bearingcapacities greaterthan850 kPa CI (=
4.6% CBR). Wheeledharvestersmayoperateon slopesup to 35-45%. Wheeledextraction
is limited to uphill gradeabilityof about45-50%, which agreeswith recommendationsof
LAMBERT and HOWARD (1990).Downhill transport may takeplaceon slopeswith grades
up to 50%,but is strictly limited to terrainwith goodbearingcapacity. On very soft ground
conditions, soil with bearingcapacitiesof 400 kPa CI (= 1.6 % CBR) to 700 kPa CI (=
3.3% CBR) which may be encountered on the northern slopes of the Alps, tracked
harvesters should be used, whereas extraction should be done by cable systems or by
helicopters.The advantage of tracked versuswheeledcarriers is quite clear. However,
applicability of theknown vehicleconfigurations is limitedto about a60%slope.

The practice of forestryis more interested in functional terrainclassification systems than
in descriptive ones (PUTKISTO 1964; HAARLAA and ASSERSTAHL 1972). However, no
consensuscan be internationallyachievedabout functional terrain classification systems;
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functionalterrain classificationsystemscanonly be developed underconsideration of the
local and regional circumstances,and finally that functional terrain classification will
generally only beappropriatefor shorterperiods.
The following examples(§ 3.1.4) merely demonstrate in which way functional terrain
classificationsystemscanbederivedfromadescriptive terrain classifi cation. Thestepfrom
the descriptive to a functionalclassification calls for anevaluation of thedescriptive terrain
classeswith regard to the function in question. So for instancethe relationshipsbetween
terrain conditions and technical properties of the machinesmust be investigated and
defined,or thosebetweenterrainconditions and the sensitivity to soil movement(OLSEN

and WÄSTERLUND 1989; WRONSKI et al. 1989; ZIESAK 2003). This can be done on the
basisof experiences aswell asof purposeful experimentsand studies.

3.1.4 Matching systems to the area – reference examples

Severalauthorsstudied a functional classification of soils andtheybuilt their own matrices
to matchsystemsto each terraincategory.They also draw simpleplanningmaps showing
technical working areasfor forest utilizations, but at that time they had no powerful
softwares like ArcGIS andthe work wasmadeby handandneededa lot of observations.
Themostinterestingexamples,very nearto the Forest OperationsPlanningpresentedhere
are thoseof ROWAN (1977) in table 3.1.4.aand figure3.1.4.a,3.1.4.b, 3.1.4.c and 3.1.4.d,
MELLGREN (1980) shown on figure 3.1.4.e, LÜTHY (1998), figure 3.1.4.f and 3.1.4.gand
Spinelli andothers(FORESTSERVICE 2000;AA. VV. 2002),table3.1.4.b.

Table 3.1.4.a:probableterrain limits of forestmachines.This table is the only onewhich
considerdifferentparametersaccording to theextraction direction.

Worst terrain class on which
machinecanbeexpectedto operate

Machinetype
Ground
conditions

Ground
roughness Slope

Remarks

Uphill 3 3 2Agricultural
tractor(2WD) Downhill 4 3 3

Uphill extraction may
requirea reduced load

Uphill 3 4 3Agricultural
tractor(4WD) Downhill 4 4 4

Load probably
reduced on uphill
extraction

Uphill 3 4 3Forwarders
Downhill 4 4 4

Load probably
reduceduphill: band-
tracks essential in
worstconditions

Uphill 3 (4) 4 2 (3)Skidders
Downhill 4 4 4

Load probably
reduceduphill: band-
tracks essential in
worstconditions

Uphill 4 4 3Crawler
tractors Downhill 4 4 4
Cablecranes 5 5 5
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Figure 3.1.4.a:long-term planning, descriptive map.This maprecords terrain datain a
fairly “broad-brush”manner,astheobjectis to provide information on which thechoice
of possibleharvesting systems, and consequent roadplanning, canbebased.So it is not
necessaryto record every patch of differing ground, as these wil l have li ttle or no
influenceon thefinal result(ROWAN 1977). 
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Figure 3.1.4.b:long-term planning, functionalmap.This is an exampleof the type of
operational planningmap.It could take the form of an overlay on the descriptivemap
(figure 3.1.4.a).Information presentedon such planning mapscould include: the areas
which are negotiable by particular machinesor machine types; theareasto beharvested
by particularharvesting systems.
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Figure 3.1.4.c:short-term planning and operational control: descriptivemap. This
recordsdetailedterraindataon thesiteson which work will bedone within thenext two
yearsor so.Areasof the foreston which no work is proposedin thenearfuturearenot
surveyed,and there is no attemptto obtain complete coverage of the forest initially.
Information on sites on which work will be donein lateryearscanbe collected nearer
the time it is required, and sothereis abuild-upof lasting value
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Figure 3.1.4.d: short-term planning and operational control: functional map. This
type of mapshave a limited “ life”. They can record a rangeof information, usually
relating to currentwork, suchas: definingworking areasfor specifiedmachines,perhaps
at a particulartimesof theyear; planningextraction routes;defining areaswherecostsor
incentive payments can be expectedto change according to terrain features, either
directly or because the terrain imposessomechange in working method.
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Figure3.1.4.e:long-term planning mapusingterrainparameters(MELLGREN 1980).

Figure 3.1.4.f: skiddingsystemsmap.This is one of the first maps createdwith the use
of a geographical software as ArcInfo (LÜTHY 1998). The evaluation of system
allocation is doneonaregulargrid and not on a continuesurface.
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Figure3.1.4.g:costsmap.Theevaluationis donepoint by point startingfromresultsof
figure3.1.4.f.A simpleprogramwasbuilt insideanexcelsheetand run on thebasis of
input parameterset by theuser(HEINIMA NN 1986; LÜTHY 1998).
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Table 3.1.4.b: general terrain classification scoring for Ireland (AA.VV. 2002; FOREST

SERVICE 2000)
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3.2. SKIDDING SYSTEMSAND THEIR LIMI TS

3.2.1 Defining off-road vehicles and aerial systems

The first dimension of BOYD and NOVAK ’s (1977) approach,concept factors,considers
machinefunctions.Ground-basedharvestingconcepts arebasedon carriersthat are capable
of moving over natural terrain. Tree felling and processing dependon the functional
abilities of attachment devicesandhandlingfeatures(positioning, reach,liftin g force,etc.).
Extraction dependson loadbuilding, attachmentperformance,andcarryingcapacity.
In forest to mill transportation, the most costly portion is often from stump to landing
(SILVERSIDES 1980).Thereforethesystem chosenfor off-roadtransport is oneof themost
critical aspectsof a tree harvestingsystem.Four principal technologypaths are available
for facilitating off-road transportation: groundvehiclesmoving on natural terrain, ground
vehiclesmovingonskid roads,carriagesmoving on cable structuresandairshipsmoving in
the atmosphere(HEINIMANN 1999). Figure 3.2.1 shows the factors differentiating these
harvesting concepts.

Figure3.2.1: Differentiationof ground-basedharvesting conceptsand aerialsystems.

As long as harvesting technology is basedon ground vehicles, they are classified as
ground-based. Systemcomplexity increases with the effort to ensureoff-roadlocomotion.
Ground vehicles may move on a path over natural terrain or, if the terrain conditions
become too complex, over geotechnical structures (skid roads). If terrain conditions
becometoo diffi cult, cable structuresenablethe transport of partially or full suspended
loadsoverlargedistances overcoming variousterrain obstacles.Airship-basedtechnologies
usetheatmosphereasmediafor transport. Althoughat a high operational cost, helicopters
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havefound a nichein transport for a numberof site-specific situations.Cablesystems and
airships may be applied in all terrain conditions. Their use is limited due to economic
inefficiency and to environmental disturbance (e.g. lack of energy efficiency in
helicopters).Ground-basedtechnologiesarelimited becauseof the restrictions in off-road
mobility. Therefore,understanding the factorsinfluencingmobilit y is absolutely essential.
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 gradient. Recent
investigationsbasedon life-cycle cost analysis demonstrated that differentiating ground-
basedandcable-basedconceptsis unclear(HEINIMANN 1998) andmaybedefinedonly for
knownharvesting strategy androad buildingcosts.

3.2.2 Off-road systems

Tractorandwinch
The tractor with winch systemis the most spreadinside Italian forestenterprisesbecause
tractor is cheap and may be adaptedto the forest use with very few adjustments.
Agricultural 4WD tractors are usually modified putting protections to wheels valves,
increasing front weight andmountingchains(CAVALLI 1997).
Theprincipal factorsinfluencingits operability arethe terrainslopeand roughnessandthe
infrastructuresdensity.The terrain maximumslopeis different according to the skidding
direction (uphill or downhill) and if moving with or without loads.
Moving uphill, themaximumslopeis about10-20%, up to 35% if driving unloaded,with a
maximum of 40%on very short road tracks.Moving downhill themaximum slopeis 30%,
up to 60% on well maintained roads and short tracks. Both the uphill and downhill
extraction is not possibleout of skidtrails androadsif theaverageslopeis morethan 20%
(HIPPOLITI and PIEGAI 2000).
The terrain roughnessshouldbe very low, the groundsmooth so the roadnetwork is the
factor limiting forest accessibility of tractor when average slope is high. Density of
temporary roads(skidtrails) in this case is also very important (CIV IDINI 1983; FABIANO

2002).
The extractiondistances, within which the productivity of tractor is not badly influenced,
have to be distinguished if skidding uphill or downhill. When skidding uphill, the
maximum distanceis 150 m, the optimal would be 100 m, while skidding downhill the
maximum distances are respectively 500 and 300 meters.Tractor with winch is well
adapting to manydifferent situations,even on thosecuttings with very low yield, but logs
must be concentrated inside the forest stand in a way that extraction distancesare not
higherthantheallowed ones.
Logscanbe of all dimensions,usually 4 to 6 metersbut bigger dimensionswould be also
better for optimizing the load(PIEGAI 1990). The average load size is between0.5 to 1.5
m3, but maybealso 2 m3 for hugemachines.Productivitiesareinfluencedby manyfactors
as the extractiondistance(figure 3.2.2.a), logs dimensions (figure 3.2.2.b), skidding times,
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technicalpropertiesanddirection andthe characteristics of skidding path. As an example,
daily productivities of a tractor with two operatorsworking is 10-20 m3 inside young
forestswith small diameters(thinnings),15-30 m3 inside forestswith averagedimensions
and 20-40 m3 on final cuttings(HIPPOLITI and PIEGAI 2000;CAVALLI and MENEGUS 2003).
Costs are related to working times andproductivities and they arealso influencedby the
extraction distance(figure 3.2.2.c) andtheloadsize(figure3.2.2.d).
Whenskidding firewood it seemsthat thereis a optimum sizeof piecesbetween15 and 16
cm diameter(figure 3.2.2.b)becausethe loading is doneby hand:when thesize is smaller
it takeslongertime to fill the firewoodnest (PIEGAI andQUILGHINI 1993),whenchopsare
biggertheyarealsoheavieranddiff icult to li ft or handle.

Tractor with winch productivity (logs)
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modified)

R2 = 0.4403

0.0

0.5

1.0

1.5

2.0

2.5

12 13 14 15 16 17 18

diametro (cm)

p
ro

d
u

tt
iv

it
à

(t
/h

)

Produttività oraria

Poli. (Produttività
oraria)

Figure3.2.2.b:tractorproductivity whenskidding firewood (RIZZI 2007)

Hourly
productivity
Polinomial
(product.)

Pr
od

uc
tiv

it
y

(t
/h

)

Diameter(cm)



94

R2 = 0.156

0

5

10

15

20

25

30

35

40

45

0 200 400 600 800

lunghezza pista (m)

€
co

st
o

 (
/t

)

R2 = 0.3937

10

20

30

40

50

0.01 0.015 0.02 0.025 0.03

volume medio (m3)

€
co

st
o

 (
/t

)

Figure 3.2.2.c: firewood skidding costs
andextractiondistance.

Figure 3.2.2.d: firewood skidding costs
according to averagechopsize.

Forwarder
The forwarderis anarticulate tractorcomposed by two units free to move andsteelon the
horizontal plan. On the fi rst unit are sited the driving cabin and the engine usually very
powerful, up to 170 kW. The secondunit is composedby a trailer and an hydraulic boom
which commandsare sited inside the cabin (BIDINI 2004). This particular configuration
allow easier loading and un-loading operations, decreasing the operator stress and
increasing his safety.The trailer may be adjustable both in length and width dimensions
adapting it to different log lengths andsizesor to stand characteristics like treedensityor
soil bearingcapacity.
Italian forest enterprisesare usually small and they have not enough money to buy a
forwarderwhich asnewmaycostmorethan250000€. Moreover the yearly wood cuttings 
are not enoughto cover fixed costsand depreciation in a short period. The use of this
machinewould alsocausea changein the way of the working schemeandlogistic that is
quite difficult to realize.Few examplesof peoplebuying forwarder in Italy show thatthis is
possibleonly when the enterprisehas a well organized logistic and scheduled work (as
Ciech in Trento province), when the machine is bought used from an other country
(Sambugarobrothersin Asiago)or when regional fundscover a percentageof the selling
price (Dalle Ave brothers in Asiago).The useof forwarder at its highest performanceis
only possible after attending a specific courseandafter months of practice (ACKERMAN et

al. 2002; PURFÜRSTandERLER 2006).
The first forwarderswere thoughtto work on openspacesandflat terrains in theNorthern
Europesotheydid not fi t inside Alpine forests becauseof their size. During theyearsnew
adapted smaller machinesentered the marketand opened to the Italian forest sector. Till
now its useis still highly connected to thecuttingsand thestandtreedensity.
As other off-groundmachines,the forwardertechnical limi ts dependon the terrainslope,
roughness and extractiondistance(GARDNER 1966). The uphill extractionis feasible on
slopesup to 25-30%,while skidding downhill slopesmayreach40%.This ability is dueto

Distance(m) Averagevolume(m3)
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the hydraulic transmission which is spreadover all traction wheels and which vary
continuously(thereis no gear)adapting to the terrainconditions. The wheels havea large
width and a low tire pressure andthey are coupledon a bogie system which limits thesoil
damagesandincreasesthegrip evenon muddyconditions(ACKERMAN et al. 2002).
Theterrainroughnessis lessinfluencing theforwarder than thetractorbecauseits frameis
higher from ground (more than 60 cm) due to the wheelsconfiguration and hydraulic
system. Moreover, the wheels bogies increaseits agility over obstacleslike rocks and
stumps.Foresttruck roads are not required, but the roadnetwork should bequitedenseto
allow the machinereaching logs at felling sites inside the forest. The cutting operations
should take count of the use of forwarder and treesshould be felled and bucked in a
favorabledirectionwhich makeeasier theloading phase.
The forwardertrailer may load up to 15 tons andthis makeconvenientalso long distance
extraction, but not more than 1 km (figure 3.2.2.e) becausethe productivity decreasesand
skidding is not yet cheap(GARDNER 1966; ACKERMAN et al. 2002).Logs can be of any
dimension,but they influence productivity andcosts (figure 3.2.2.f and3.2.2.g). The time
for loadingandun-loading small logsis higherandthewoodvolumeis lessthanthatof big
dimensions,so eachtrail may increasecosts up to 40% than the average(KELLOGG and
BETTINGER 1994). Usuallytreesarebuckedat 4, 6 or 8 meters,but longerlogsor full trees
can beloadedaccording to theloading spaceor usingsomeartifice.
The forwarder increasedthe safetyof worker because he is inside a protected cabin, but
new problems are introduced, for example the muscle and skeletal diseasesor the
psychological problems linked to the working stress, due to fast operations, and to a
solitary work which brings to social relation problems(ACKERMAN et al. 2002).Theseare
well know problemson countrieswhere theuse of forwarderis now commonandit is more
strongwheretheoperatorsareshiftedon a24h workingday.
Referencesstatehigh productivities, from a minimum of 6 m3/h up to 47-50 m3/h and
averagesof 20 m3/h, dependingby assortmentsand extractiondistancesbetween500 and
1000m (PULKK I s.d.; ACKERMAN et al. 2002), but first studiesin Italy (figure 3.2.2.g) show
a variation between10 and 20 m3/h. Skidding costsare lower than 10 €/m3, but they are
depending on the log size: in fact skiddingbig size logs at far distancesmay be cheaper
thanskiddingsmall logsnearroads (figure3.2.2.f).
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Forwarder productivities
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Figure 3.2.2.g: hourly productivity is
influencedby thelog dimensions

Cable-forwarder
Usually the forwarder begins to work two days after the harvester, drives on the same
corridors, loadsthe logs left on the two sides (likely bunchedaccording to homogenous
assortments) and transportsthe load to the landing site. Due to the recurrentpassages at
fully loadedconditionson thesametracks, this machine,muchmorethantheharvester,can
damagethesoil (compaction,rutting); anyway,negative effectsaremitigatedusing logging
debris (branches, tree tops) to reinforce the strip roads, which results in a substantial
increasein soil bearing capacity (MCDONALD andSEIXAS 1997). Most recentforwarders
are agile, stable andcompactenough to movein the forestwithout specific corridors,after
amotor-manually performedcut.
In Italy forwardersareusually matchedwith thefew harvesters,mostly operating in poplar
plantations. The alreadyscarceliterature about forwarders (TUFTS and BRINKER 1993a;
TUFTS and BRINKER 1993b; KELLOGG and BETTINGER 1994; MCNEEL and RUTHERFORD

1994)doesnot concerntheir applicationunder Alpineconditions: productivities,costsand

Exponential(ITA)
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concrete limits areunknown.Their usein mountainous areas hasalways beenhold up by
the maximumnegotiable slopegradient,which diffi cultly canbeover40%.In the Austrian
literatureexamplesof cable extractionof harvester-felled thinningsarepresented(VISSER

and STAMPFER 1998;HEINIMANN et al. 1998; STAMPFER and STEINMÜLLER 2004),but this
methodis not so widespreadin everyday’s practice. Exactly in Austria, considering the
need to widen forwarder’s range, has recentlymadeits appearancethe so-called cable-
forwarder. If pilot studies were requiring an external winch to pull up the machine
(BOMBOSCH et al. 2003), the project has evolved to its actual state, which sees the
forwarderableto self-haul up by a winch integratedin the machine;therolling up speedof
the cable is synchronized with the transmission of the vehicle. The winch is mounted
behindthehead boardof the bunk andthe cableexits from the back of the machine;once
the cableis fixedon ananchor tree or stump, theforwarder canclimb up alongthecorridor
createdby theharvester,negotiatingslopesup to 70%without evident wheelslippage.
Before travelling uphill, the machine needs to have the cable of the winch fixed on an
anchor treeor stump at the headof the corridor. The harvesterpull the cable up alongthe
first corridor, in order to sparethe forwarderoperator a very heavy task.The processis
easier for theothercorridors, because,oncecompletedthehaulage, theforwarder canusea
forestride at theheadto move to thebeginning of theadjacent corridor,readyto descendit
loading the logs. Unhooking the cable and setting it up againon a new stump is usually
requiring just few minutes.Consideringthesteepslope,thecable is always kept in tension
while moving on the corridor, but onceon the forest road the operatoris loosening it in
order to freely move on the road (perpendicular to the corridors) and unload the logs
(CAVALLI et al. 2006).
Extraction distance,as evidencedin Figure 3.2.2.h, exerts a stronger influenceover the
productivity, confirming how a goodforestroaddensity is fundamental to carryout forest
exploitation in aproductiveand economicalway.
Figure 3.2.2.i revealshow productivity decreaseswith the increasing slope negotiatedby
the cable-forwarder.The gap, anyway, is not so noticeable (no more than 2 m3), hence
underlining the validity of the system: the use of the winch minimizes the effect of the
slopeon themovingof themachine.Theaverage productivity formula is shown.
Travelling speed(both uphill anddownhill ) remainsalmostconstant, thanksto the uniform
pulling forceof thewinch.
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Figure 3.2.2.h:productivity of thecable-forwarder(m3/PSH15) accordingto averagelog
volumeandextraction distance

Cable-forwarder productivities
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Figure 3.2.2.i: productivity functions according to extraction distanceand average
corridor slopes.Theformulawasusedinsidethemodel.

The machinehourly cost was estimatedin 71.46 €. The extraction cost  per cubic meter
(€/m3) derivesfrom the quotient betweenthe machinehourly cost (€/h) and the  machine
productivity (m3/h). Figure 3.2.2.j evidences how the extraction cost decreaseswith the
growing productivity.
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Figure 3.2.2.j: cable-forwarder productivity (m3/PSH15) andconsequentprocessingcost
(€/m3). Hypothesis: loading distance60m, extraction distance270 m, extraction slope
30%andtotal volume11.5m3.

3.2.3 Cable systems

Mobile cablesystems– toweryarder
Themobile cable systemsareusuallycomposed by somedrums(for the skyline, the main
line andguy-lines) mounted on a compactunit andby a tower usedasspansupport. The
systemmaybeautonomousif it is provided by anengineandmountedon a wheeledtrailer,
or it is carriedandconnectedto thetractor pulling force(BORTOLI andSOLARI 1996).
Carriages can be mechanic or semi-automatic. The mobile cable cranesare the simplest,
cheapest and rapid to install aerial skidding systems. They usually work with gravity
skidding small size logs deriving from thinnings or coppices on short corridors (100-400
m). Thelateralskiddingnevergoesfarer than25 m (BORTOLI e SOLARI 1996).To makethe
system economical,the minimum yield should be at least 0.3-0.5 m3 per linear meter
(HIPPOLITI andPIEGAI 2000). Theproductivitymayreach5.5m3/h, but consideringalsothe
mounting and dismounting times it decreaseto 3-3.5 m3/h. Skidding firewood, the
productivity is between2 and 5 tonsperhour beinginfluencedby theaveragesizeof wood
(figure 3.2.3.a).The differencebetweenfi rewood and logs extraction is more or less1/3
(comparingtons and cubic metersas equal),but after 200 m this becomes lessevident
(figure3.2.3.b).Commonlyskylineshavea 14-16mmdiameter,with a breaking loadunder
15 kN (about 1.5 tons).Working with gravity force, the minimum slopeshould beat least
20%, while the maximum slope is 100% skidding downhill or 120% skidding uphill
(BORTOLI andSOLARI 1996; DELLA GIACOMA et al. 2002). 
The working sitesrequire enough spaceto set up the tower and piling logs, tractor roads
and skidtrailswith goodpavementare sufficient.The forest roaddensity should be40 m/ha
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consideringan averageskidding distanceof 400 m, but it would bebetter between60 and
70 m/ha(BORTOLI andSOLARI 1996).

Productivity skidding firewood
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Figure 3.2.3.a: firewood extraction’s
productivityaccordingto chopssize.

Figure 3.2.3.b: productivity functions.
Comparingfirewoodandlogsextraction.

During time studiesalsolateralskidding distancesweremeasuredandit wasdemonstrated
that the lateral distance has a statistical influenceon total productivi ties (figure 3.2.3.c).
Thecorridorwidth is importantwhenplanningcuttingsbecauseit influencesthenumberof
linesrequired.Themountinganddismounting times may be lessthan2 daysfor the tower
cranes, so it would be better to build one more corridor than skidding with far lateral
distances. When skidding farer than 25 meters, the total productivity decreaseof 60%,
moreoverthe forcesand structure stressis higher and workers safetydecrease.Average
costsarevery low whenskidding within 200 m (over 15 €/t, figure 3.2.3.d), but they can 
increasedependingon thelogssizeandon thesite characteristics.
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Sledgeyardercablesystem
Thesledgeyardersystemis composedby threeelements.
The first is the yarder, which is mounted on a sledge, and the main line which is stored
insidethe drum.The drum is poweredby anengineandthemovementmaybemechanical
or hydraulic, asthebrakesare.It is fixed usually uphil l neartheanchortreeand skids logs
downhill using the gravity force. The main line can be used to lift the sledgeuphill and
reach placeswherethere are not forest roads. The skidding direction may also be uphill
whenthe felling site is locatedabove the forest road; the sledgeyardercanbe 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 this is quite
expensiveandit is usedonly for civil engineering.
The secondelementis the skyline which it is usually storedon an another big drum. This
drum is independentandit is used only to storetheskyline, it canbesited on a forestroad
and can be poweredwith the tractor force when storing back the cableafter its use.The
maximum extractiondistance depends on the main line length and diameter (the drum
volumeis fixed) andthe maximumallowedload. Whenskidding light logs,theropecanbe
thinner and lighter, so the maximum extraction distance may be up to 1500-2000 m.
Usually the skyline is a 22-24 mm diameter with minimum break load of 20 kN and
tensionedup to 120kN (about 12 tons)(BORTOLI andSOLARI 1996).
The third elementis the carriage.The automatic carriagesmay load up to 3 tons andare
very practical becausethey can stop everywhere along the line with hydraulic clamps.
Other cheapercarriagesare the semi-automatic oneswhich are lighter but they can not
work with high spansbecausetheblockswould not beeasilymoved.These carriagesmay
loadnot morethan2 tons.
The sledge yarder is a versatile and powerful system, but the long mounting and
dismounting times causefirst a productivi ty reduction (if we consider that mounting and
dismounting a line of 900 m with two or threesupports may take one week), second that
cuttings should be intense and well distributed on the area to compensate the low
productivity andthehigh unit costs.These systemsare optimal whenskiddingbig sizelogs
buckedinto 4 to 8 m size or thefull tree.Productivitiesareabout 8-10 m3/h (figure 3.2.3.e),
but theydecreaseto 3-5 m3/haconsideringthe time for settingthe line; skidding firewood
the productivity is lower, between2 and6 tonsper hour (figure 3.2.3.f) depending on the
site organization and to the firewood assortment (full tree or 2 m tied pieces). To be
convenient, the linesshould measure morethan200 m, andyield should beat least0.9-1.8
m3 pereachlinearmeter(HIPPOLITI and PIEGAI 2000;IENTILE 2003),correspondingto 200-
400m3 per working site (MARCHI 1997).
Being able to move through the forest using the main line to lift it up, and thank to the
length of the ropes,the sledgeyardersystemdoesnot require high densityroads.When
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skidding at 800 m distances,20 to 30 m/ha of roads are quite enough; if the extraction
distanceis evenmore, road density might decrease to 15-20 m/ha (BORTOLI and SOLARI

1996).
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Figure 3.2.3.e: the sledge yarder
productivity slowly increase with the
averagesizeof skiddedlogs

Figure 3.2.3.f: productivity of the system
when skiddingfirewood, dataover0.8 t were
2 m tiedpieces.

The systemproductivitiesare different when skidding logs and firewood. Figure 3.2.3.g
compares 50 carriagetrails skidding big sized spruce logs (RIZZI 2007) and 179 trails
skidding beechfirewood on very steepterrain (CAVALLI andLUBELLO 2006; RIZZI 2007;
ZANONI 2007).Theproductivity is higher whenskidding logs becausetheir tying is easier
and theyhaveless problemsduring thelateralskiddingoperation. Theoperating costof the
sledge yarder was estimated in 98 €/hour so t he productivity influences costs (figure
3.2.3.h)more than the distance.The averagecosts arequite constant between 10 e/m3 or
18-28€/t. 
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Operating costs
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3.2.4 Technical parameters input values

All the information of skidding systemswere collected from literature and supported by
field observations.At theend,theywereresumedon table 3.2.4.ato have a clear ideaof all
variables(technicalsystemslimits, costsand formulae)which would be needed inside the
modeland to easilycomparethem.
The graph on figure 3.2.4.a showsthe productivity functions of all the consideredfive
systems. The different productivities will be helpful when optimizing the chooseof the
optimal system becauseafter the generalorder given by importance,the mostproductive
(andconsequentlyeconomic)systemwill beselectedby the model.

Table 3.2.4.a:resuming all systemstechnical limi ts and functions.

Skidder Forwarder
Mobile
tower

Sledge
yarder

Cable-
forwarder

Max slopeskiddingup-hill (%) 18 32 100 120 63

Max slopeskiddingdown-hill 23 38 100 120 63

Max distanceskiddingup-hill 150 500 350 900 250

Max dist.skiddingdown-hill 300 600 350 900 250

Max groundroughness(cl.) 1 2 3 3 2

Averageproductivity (m3/h) 4 8 5 4 2

Operating costs(€/h) 35.0 66.2 63.0 98.0 71.5

Formula (y = a(x̂ b)) a= 36.293 16.14 149.33 56 82.278

b = -1.1791 -0.8126 -1.3438 -1.1685 -1.1571
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Systems productivity functions
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Figure 3.2.4.a:systems productivity functions derivedby li terature and gathered field
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3.3. COSTS EVALUATION

Today’s logging equipment rangesanywherefrom chainsawto complex multi -functional
equipment which can fell, delimb, buck, and haul to the landing. To select specific
equipment andusethatequipmentprofitably, loggersshould know something of equipment
costsandhowto determine them.
A “machinerate” is a calculated hourly charge for owning and operating a piece of capital
equipment. Theclassical approachwas definedby MATTHEWS (1942)andmorerecently by
MIYATA (1980). Costsare averaged over the ownership li fe of the asset to estimate a
constanthourly charge.Theformulaehavebeenusedin manyformsas a simple methodof
cost estimation (e.g.BRINKER et al. 2002).The machine ratecalculations aresimple, easy
to understand, do not require detailed cost history, and are constantover the lif e of the
machine.
However, a numberof authors (RICKARDS and PASSMORE 1977; STENZEL et al. 1985;
BURGESSandCUBBAGE 1989) notethelimitationsof themachinerate:

- the treatmentof depreciationand interestdoesnot consider the effect on compound
interestoncapital recovery

- themachineratedoesnot considertheeffectof tax treatmentfor variouscostcategories
- costsareassumedconstant (average)for all yearsof ownership.

While the limitations are well-known, the standard machine rate is still widely usedfor
quick estimationof machinecostswhenactualcostsareunknown(FAO 1992).
A more exact approach to estimating machine costs is the discounted cash flow,
incorporatingadditionalcost categories such as tax effects. The detailed calculations are
particularly importantfor economic analysis of expensive equipment(helicopters,yarders,
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harvesters). BUTLER and DYKSTRA (1981) and TUFTS and MILLS (1982) il lustrate the
applicationof discountedcashflow analysisto equipmentreplacement decisions.
While themachinerate method haslimi tations, it has advantagesfor specific applications.
The machine rate spreadsheetusedhere (seenext tables) usesa modified approach to
addresssomeof thestatedconcerns with earlier formulationssuchasMIYATA (1980):

- economiclife is estimatedaslonger(PETTENELLA andCUTOLO 1987;EDWARDS 2001;
AMMAN 2004)

- capital costsare estimatedusing an equivalent annual cost calculation (RIGGS 1977;
SARTORI andGALLETTO 1992)

- insuranceis calculatedasa% of averageannualinvestment
- salvagevaluesareestimatedbasedonCUBBAGE et al. (1991)
- housing is calculatedas the result of the formula: Vm(0.054CSh), whereVm is the

volumeof theequipment, CSh is the initial investmentor the rent rate for thebuilding
and 0.054 is the yearly maintenance cost (% on building value) as depreciation,
interests,maintenanceandinsurances(CROSS1998; AMMAN 2004)

- potential repair is estimatedas a % of depreciation,but chargedat a variable rate
dependingonutilization (SARTORI andGALLETTO 1992;EDWARDS 2001)

- fuel consumption is adapted taking care of information from the owner records
(HIPPOLITI et al. 1980)

- cost of lubricantsis calculatedaspercentage of total fuel cost (SAMSET 1972;CROSS

1998;EDWARDS 2001;ASAE 2004)
The spreadsheetalso displays calculatedannual coststo aid comparison with actualcost
data. Costs for cable cranesystemsdo not consider the time neededfor mounting and
dismounting the line: this cost shouldbe addedtime by time depending on length of the
line (BORTOLI andSOLARI 1996) andshouldbe divided by the real skidding time (in days
or hour,but this is possibleonly whenthework is finished!).
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Table 3.3.a:evaluatingtractor/skidderunit costs, fields in greyhaveto be fi lled by user.
TRACTOR or SKIDDER WINCH TIRES (x4)

Cost item Symbol Formula Value Unit Value Value
Initial investment P 29602 € 15000 3000
Salvagevalue S 15% P 4440,3 € 3000
Economicli fe (years) n 10 years 10 3,4
Daily scheduled operating time DSH 8 h 8 8
Operating time(days) DY 150 days 95 150
Scheduledoperating time SH DSH*DY 1200 h 760 1200
Averagevalueof yearlyinvestment AI (P-S)*(n+1)/2n+S 18279 €/year 9600 1941
Maintenance(rate) RMr 80 % 60
Interestrate R 4 % 4 4
Insurances,taxesandhousing ITGr 6 %
Fuel consumption Fc 4 l/h
Lubricantconsumption Lc 0,11 l/h 0,4
Fuel cost Fp 0,9 €/l
Lubricantcost Lp 2,4 €/l 2,4

Fixed costs
Depreciation Amm (P-S)/n 2516 €/year 1200 882
Interests In AI*R 731 €/year 384 78
Insurances,taxesandhousing ITG AI*ITGr 1097 €/year
Unit fixed costs OCh Amm+In+ITG/SH 3,62 €/h 2,08 0,80
Daily fixed costs OCg Amm+In+ITG/DY 28,96 €/day 16,67 6,40
Yearly fixed costs OCa Amm+In+ITG 4344 €/year 1584 960

Operating costs
Maintenanceandrepair RM (Amm*RMr)/SH 1,7 €/h 0,95
Fuel FC Fc*Fp 3,6 €/h
Lubricants LC Lc*Lp 0,26 €/h 0,96
Labor cost WB 14,93 €/h
Unit operatingcosts OpCh RM+FC+LC+WB 20,47 €/h 1,91
Daily operatingcosts OpCg (RM+FC+LC+WB)*DSH 163,77 €/day 15,26
Yearlyoperatingcosts OpCa (RM+FC+LC+WB)*SH 24566 €/year 1449,6
Partial sum OCh+OpCh 24,09 €/h 3,99 0,80
Hourly unit cost 28,88 €/h
Only machine 13,95 €/h
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Table 3.3.b: evaluatingmobile tower yarder(cable crane)unit costs, fieldsin greyhaveto
be fill ed by user. In this case the tower is powered by tractor engine so the fuel
consumption is null.
MOBILE TOWER ACCESSORIES TIRES (x2)

Cost item Symbol Value Unit Value Value
Initial investment P 55000 € 15200 400
Salvagevalue S 11000 €

Economic life (years) n 15 years 10 4
Daily scheduledoperatingtime DSH 6 h 6 6
Operatingtime (days) DY 195 days 195 195
Scheduledoperatingtime SH 1170 h 1170 1170
Averagevalueof yearlyinvestm AI 34467 €/year 8360 250
Maintenance(rate) RMr 60 %
Interestrate R 4 % 4 4
Insurances,taxesandhousing ITGr 2 %
Fuelconsumption Fc 0 l/h
Lubricantconsumption Lc 0,2 l/h
Fuelcost Fp 0,8 €/l
Lubricantcost Lp 2,4 €/l

Fixed costs
Depreciation Amm 2933 €/year 1520 100
Interests In 1379 €/year 334 10
Insurances,taxesandhousing ITG 689 €/year
Unit fixed costs OCh 4,27 €/h 1,6 0,1
Daily fixed costs OCg 25,65 €/day 10 1
Yearly fixed costs OCa 5001 €/year 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 operatingcosts OpCh 16,91 €/h
Daily operatingcosts OpCg 101,49 €/day
Yearlyoperatingcosts OpCa 19790 €/year
Partial 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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Table 3.3.c: evaluating sledgeyarder (fixed cablecrane system) unit costs, fields in grey
haveto befilled by user.
SLEDGE YARDER CARRIAGE, ROPES, ACCESSORIES

Cost item Symbol Value Unit Value
Initial investment P 75000 € 28000
Salvagevalue S 15000 €

Economic life (years) n 12 years 10
Daily scheduledoperating time DSH 6 h 6
Operatingtime (days) DY 150 days 150
Scheduledoperatingtime SH 900 h 900
Averagevalueof yearly investment AI 47500 €/year 15400
Maintenance(rate) RMr 60 %
Interest rate R 4 % 4
Insurances,taxesandhousing ITGr 2 %
Fuelconsumption Fc 4,1 l/h
Lubricantconsumption Lc 0,3 l/h
Fuelcost Fp 1,1 €/l
Lubricantcost Lp 2,4 €/l

Fixed costs
Depreciation Ammort 5000 €/year 2800
Interests In 1900 €/year 616
Insurances,taxesandhousing ITG 950 €/year
Unit fixed costs OCh 8,72 €/h 3,8
Daily fi xedcosts OCg 52,33 €/day 23
Yearly fixed costs OCa 7850 €/year 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 23,48 €/h
Daily operatingcosts OpCg 140,85 €/day
Yearlyoperatingcosts OpCa 21128 €/year
Partial 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:evaluating forwarderunit costs, fieldsin greyhaveto be filled by user.
VALMET 860.1 GRAB CRANAB G TIRES (x8) TRACKS&CHAINS

Cost item Symbol Value Unit Value Value Value
Initial investment P 200000 € 4000 15200 8000
Salvagevalue S 40000 €

Economic lif e (years) n 8 years 4 4 8
Daily scheduledoperating time DSH 8 h 8 8 8
Operatingtime (days) DY 195 days 195 195 150
Scheduledoperatingtime SH 1560 h 1560 1560 1560
Averagevalueof yearly investment AI 130000 €/year 2500 9500 4500
Maintenance(rate) RMr 60 % 60
Interestrate R 8 % 8 8 8
Insurances,taxesandhousing ITGr 8 %
Fuel consumption Fc 9 l/h
Lubricantconsumption Lc 0,3 l/h 0,2
Fuel cost Fp 0,9 €/l
Lubricantcost Lp 2,4 €/l 2,4

Fixed costs
Depreciation Ammort 20000 €/year 1000 3800 1000
Interests In 10400 €/year 200 760 360
Insurances,taxesandhousing ITG 10400 €/year
Unit fixedcosts OCh 26,15 €/h 0,8 2,9 0,9
Daily fixed costs OCg 209,23 €/day 6 23 9
Yearly fixed costs OCa 40800 €/year 1200 4560 1360

Operating costs
Maintenanceandrepair RM 7,7 €/h 0,4
Fuel FC 8,1 €/h
Lubricants LC 0,72 €/h 0,48
Labor cost WB 18,08 €/h
Unit operatingcosts OpCh 34,59 €/h 0,9
Daily operating costs OpCg 276,74 €/day 6,9
Yearly operatingcosts OpCa 53964 €/year 1348,8
Partial sum 60,75 €/h 1,6 2,9 0,9

Hourly unit cost 66,17 €/h
Only machine 48,09 €/h
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Table 3.3.e: evaluatingcable-forwarder unit costs, fields in greyhave to be fi lled by user.
Thecable-forwarderis a forwarderwith basically two more accessories:thetilt system,that
allow the boomworking properlyand gain pulling force when the machineis on angled
position,andarearwinch to helpmovingupanddownonsteepterrains.
JOHN DEERE 810D GRAB/ACCESSORIES TIRES (x8) TRACKS&CHAINS

Cost item Symbol Value Unit Value Value Value
Initial investment P 230000 € 12000 15200 8000
Salvagevalue S 46000 €

Economiclife (years) n 8 years 4 4 8
Daily scheduled operating time DSH 8 h 8 8 8
Operating time(days) DY 195 days 195 195 150
Scheduledoperating time SH 1560 h 1560 1560 1560
Av. valueof yearly investment AI 149500 €/year 7500 9500 4500
Maintenance(rate) RMr 60 % 60
Interest rate R 8 % 8 8 8
Insurances,taxesandhousing ITGr 8 %
Fuel consumption Fc 9 l/h
Lubricant consumption Lc 0,3 l/h 0,1
Fuel cost Fp 0,9 €/l
Lubricant cost Lp 2,4 €/l 2,4

Fixed costs
Depreciation Ammort 23000 €/year 3000 3800 1000
Interests In 11960 €/year 600 760 360
Insurances,taxesandhousing ITG 11960 €/year
Unit fixed costs OCh 30,08 €/h 2,3 2,9 0,9
Daily fixed costs OCg 240,62 €/day 18 23 9
Yearly fixed costs OCa 46920 €/year 3600 4560 1360

Operating costs
Maintenanceandrepair RM 8,8 €/h 1,2
Fuel FC 8,1 €/h
Lubricants LC 0,72 €/h 0,24
Labor cost WB 18,08 €/h
Unit operating costs OpCh 35,75 €/h 1,4
Daily operatingcosts OpCg 285,97 €/day 11,2
Yearly operating costs OpCa 55764 €/year 2174,4
Partialsum 65,82 €/h 3,7 2,9 0,9

Hourly unit cost 73,32 €/h
Only machine 55,24 €/h

Theunit costscalculated in sucha wayarethenfill edin themodelto evaluatethecheapest
system insidedifferent assessedforeststands. The user-interfacewindow allow to change
inputsadaptingthemto specificsocial,cultural and technical level environment.

3.4. INPUT DATA

To run themodel,five input shapefiles arerequested: TheDigital Elevation Model (DEM),
the soil stability andcomposition, the yearly amount of rain, the roadnetwork and forest
assessmentalplaninformation.
The model was first developed on a small area inside Veneto Region, on the Asiago
highlandsbecausedetaileddatawerealreadyavailable.
The Digital Elevation Model was providedfrom the regional forest and economy head
office (DFEM – DirezioneForesteed Economia Montana). 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,about 250Mbites,
so it hasbeencut with theExtract by mask tool (ESRI 2005) on the studyarea(figure3.4.a)
to makes fasteroperations andcalculations.

Figure3.4.a:location of studyareaandtheDigital ElevationModel

Theprecisionis not badcomparingit to Friuli DEM that is of 40 m, but it would havebeen
betterto have10 m as Trentino did. Smaller is thecell sizeandmorepreciseareoperations
like converting featureshapefiles, as roads, to raster (seealso figure3.6.2.d).working with
integer valueswould alsobepreferable.
Soil information wasfound on a cd-rom containing severalVeneto region shapefiles(DEL

FAVERO 2001). The file has completeand preciseinformation about the soil formation,
permeabilityof water,susceptibility to erosion andstabili ty. Al l information weremerged
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 soils are reclassified into three stability
categories(figure 3.4.b) to determine gradeabili ty (seenext chapter).Eventhestringvalues
and field name inside the databaseshould be the same,and in the same position to avoid
errors.
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Table 3.4.a:databasefieldsof soil shapefile, fieldsin graycolor arecompulsory.
Field Type Precision

OBJECTID counter -
Shape polygon -
B_CATEG string -
Stability categories numeric Short(2 – 0)
Name string -
Category string -
Permeability string -
Susceptibility to erosion string -
Stability string -

Table 3.4.b:exampleon how soil categorieswerereclassified.Note thatB_CATEG values
must not differ from “scarsa, ridotta, intermedia, buona, elevata” (very low, low,
intermediate,good,high)
B_CATEG Stability

categories
Name category permea

bil ity
susceptibility
to erosion

stability

scarsa 10 Gessoso carbonatico elevata elevata scarsa

ridotta 10 Sciolto carbonatico elevata buona ridotta

ridotta 10 Argillo -
scistoso

silicatico ridotta elevata ridotta

intermedia 20 Flyscioide carbonatico-
terrigeni

ridotta elevata buona/ridotta

intermedia 20 Arenaceo carbonatico-
terrigeni

ridotta buona buona/ridotta

buona 30 Calcareo carbonatico ridotta scarsa/ridotta buona

buona 30 Magmatico silicatico ridotta ridotta buona

elevata 30 Dolomitico carbonatico scarsa scarsa elevata

Figure3.4.b:mapof soil stabilitycategories.
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The annual amount of rain comesfrom the samecd-rom thansoil shapefile (Del Favero
2001). It is a polyline feature and each one has a single value (mm/year).Observingthe
regionaldistributionit is evident that it rains heavier on mountainsthanon the plain (figure
3.4.c).Thereis only one essentialfield to run themodel thathasto be called “A_MM_AA”
(table 3.4.c). This kind of data arenot easyto be found,sometimesthey canbe gathered or
bought from regional environmental agencies(ARPA), otherwise inside websites there
could be find nice imagesshowingrain lines. It is possible to import those imagesinside
ArcMap, georeferencing them and creating a new fil e as needed.Rain values were
reclassifiedinto four categories(<700mm;700-1500 mm; 1500-2500mm; >2500mm) and
mixed insideamatrix togetherwith soil categoriesto evaluate gradeabili ty.

Table 3.4.c:databasefieldsof rain shapefile, fieldsin graycolor arecompulsory.
Field Type Precision

OBJECTID counter -
Shape polyline -
A_MM_AA numeric Short (2 -0)
Shape_lenght numeric Double (8 – 0)

Figure3.4.c:mapof yearly rain amount andVenetoregion gradient.

Road network is basedon the regional technical maps (“Carta Tecnica Regionale” –
CTR). Thefreedownloadof thosemapscanbe doneon theregional website througha well
doneweb-GIS (figure3.4.d)
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Figure3.4.d:theVenetoweb-GISpage
(http://cartografico.regione.veneto.it/wpcartograficoveneto/framesetup.asp)

All mapsare alreadyin a shapefile format including several data as buildings, objects,
rivers, etc… The fact is that working on a big areait is necessary to download a lot of
different mapsandthanmerge (ESRI 2005) them obtaining one unique file (figure 3.4.e).
This is only time consuming,the real problemis that thosemapshave been doneprobably
by differentpeopleat different moments,soit is common to find writing errors,wrongdata
or informationwith no coincidenceon whatshould be thesame road.All data were deeply
checked before the road reclassification according to forest machines accessibility. One
new field (“TRANSIT” ) wasaddedto the file database(table 3.4.d), this field is necessary
to run the model togetherwith “NUMERO” which must contain unique valuesfor each
roadsector. The roads reclassify wascarriedon according to available information asthe
roadgrading(index related to their size andmanagement) andwidth as reported in table
3.4.e.andon figure3.4.e.

Table 3.4.d:databasefieldsof roadsshapefile, fields in gray color arecompulsory.
Field Type Precision

OBJECTID 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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Figure 3.4.e:the studyarearoadnetwork.On the left side rough dataandregional grid of
technical map are shown. On the right side roadshave beenclassified according to their
accessibilit y (skidtrail, tractor roador truck road).

Table 3.4.e:roadscategoriesandtheir reclassification.
ROAD Category Index Width (m) TRANSIT
Accesso privato 0 0 NO
Sentiero difficile 0 0 NO
Mulattiera 6 2 Skidtrail
Sentiero facile 6 2 Skidtrail
Ponte 1 3 Tractor
Stradacarreggiabile 3 3 Tractor
Stradacarrozzabile 3 3 Tractor
Stradadi campagna 6 3 Tractor
Stradasecondaria 3 5.5 Truck
Stradain costruzione 3 5.5 Truck
Tracciatoin galleria 3 5.5 Truck
Sottopasso stradale 3 5.5 Truck
Stradaprincipale 2 7.5 Truck

The regionaldatabaseof forest assessmental plans, called GPA, was provided from the
regional forest and economy head office (DFEM – Direzione Foresteed Economia
Montana). It is a polygonshapefile that coversall the regional public properties.The 204
Asiagoforest standswereextractedfrom a total of 136assessmental plans and6644 stands.
Like the roadsfile, even heresomedatawerenot exactor they were lost, so it hasbeen
needed to checkthe original printed version of the forest plan. In therewere foundmore
dataaboutthe prescribed yield andthe yearof cutting. Information about the accessibility
and the ground were compared to a field survey with the aim of determine ground
roughnessvaluesfor each stand (figure 3.4.f). All data wereupdatedinside a new dataset
(table 3.4.f ).
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Figure3.4.f: theAsiagoforestpropertiesandstandterrain roughnessclasses

Table 3.4.f: database fields of standsshapefi le, fields in graycolor arecompulsory.
Field Type Precision Notes

OBJECTID counter - -

Shape polygon - -

C_CODPPA string - -

CUTFCELL numeric float (4 – 0) yield in m3/gridcell (sameasDEM)

T_ROUGH numeric short (2 – 0) terrainroughness 0-4 

D_SUPTOT numeric double(8 – 0) total standarea

E_SUPBOS numeric double(8 – 0) forestedstandarea

F_FUNZ string - forestfunction(protective– productive)

G_GOV string - coppiceor high forest

STAT_R numeric long(4 – 0) averageheightof trees

ETA_R numeric long(4 – 0) averageageof trees

DMAX R numeric long(4 – 0) maximumdiameter

DMEDR numeric long(4 – 0) averagediameter

PHA numeric long(4 – 0) n. of treesperha

PROV_UN numeric double(8 – 0) stock/ha

INCR_PER numeric double(8 – 0) % yearlyincrement of forest

M_FUST numeric long(4 – 0) total high foreststock

M_CED_Q numeric long(4 – 0) total coppicestock

YEAR numeric long(4 – 0) yearof standcutting

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. Model basics

The model, called Forest Operations Planning (FOpP) is based on three different
informative layers. The first one considers technical and economical data for each
mechanicalsystem,for exampleproductivit y (m3/h), costs (€/h) and technical limits (see§
3.2 and3.3). Theseelements areentered inside the model asparametersand theystrongly
influence thechoose of the most suitableharvesting system,technically andeconomically.
The second informative layer concern to sylvicultural and assessmentaldata including
standsboundaries,standing stocks and plannedyield which are neededto calculateunit
costsandto makespatial statistics.The last informative layeris themost importantbecause
is the basis to evaluate the forest accessibil ity. Both geographical, climatic and
infrastructuraldataareincluded asDigital Elevation Model, terrainroughness, forestroad
network, geologyandhydrology (yearly precipitation, mm/year). Digital dataor userdata
enter themodelasinputs (figure 3.5.1.a) througha window panel(kind of interface).Then
the model starts elaborating: the elaboration time depend on the grid size becauseall
calculations (morethan150) have a cell-basisdepending on theuse of geoprocessing tools

inside Spatial analyst (Arcmap, ESRI). The expected time for a 10 km2 area can be 8
minutes if DEM cell is bigger than70 m andreach20 minutesfor 25 m cell size.Outputs
are directly displayedin Arcmapandcanbeusedfor furtherevaluationsor comparedwith
otherscenarios.

Figure3.5.1.a:theFOpP(Forest OperationsPlanning) model functional schema.
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Themodelis built to evaluateharvestsystemsinsidehigh forests, but canbe adapted to be
used also in coppice forests. We must distinguish high forest sites from coppiceones
becauseif systemsare involved in both forest type they have different productivities and
different costs. A solution is to make first evaluations inside high forests and then in
coppiceforests changingparametersandselecting appropriate system.Actually in coppice
forests tractor with winch, high-density polyethylene chutes and simple cable yarding
systems are used, insteadof high forests where tractor with winch, forwarder, cable-
forwarderandcableyardingsystemswork. Chainsaw and harvestercanbeusedfor felling,
otherprocessingoperationscanbeperformedby processorsor debarking machines. Felling
operation costsor other managementcostscanbeaddedinsideoutput *.dbf fi lesto evaluate
total working site costs(LUBELLO et al. 2007;KRČ et al. 2007).

3.5.2. The Arcmap ModelBuilder

There aremany programming languagesusedfor building models,asC+ (STÜCKELBERGER

et al. 2006), Pascal(LÜTHY 1998), Visual Basic (MEYER et al. 2001, HRADETZKY and
SCHOPFER 2001, PRETZSCH et al. 2002, VÄÄTÄINEN et al. 2006) and others (statistical
models (GELLRICH et al. 2006, GELLRICH et al. 2007) or integer variables models
(BUONGIORNO and GILLESS 2003)), but they are not easyto learn and often they need
powerful computers to be ran. GIS is a good software to handle and manipulate
digital/spatialdataand it is possible to build complex procedures to solve qualitative or
quantitative problems(SHIBA et al. 1990, ARONOFF 1993,LAARIBI et al. 1993, BILL and
FRITSCH 1994). The power is given connecting databaseto data logical structure like
geometries (points, polygons, lines, coordinates), topologies (position and boundaries
relatedto other adjacent objects),data structures(tablesand databases) and it is an easy
way to manipulate,to build query andmakestatistics (TOMLINSON 1987, DENSHAM 1991,
KEENAN 1995, CHIRICI et al. 2003). In ArcGIS 9.1 ESRI introduced a new useful tool
called ModelBuilder. When you right click on the toolbox and add a new model, the
ModelBuilderwindow(figure 3.5.2.a) opens automaticallyand providesto you a graphical
environmentin which you canbuild models (ESRI, 2005).

Figure3.5.2.a:theModelBuilderwindow showingashortmodel.
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Whenyoustartworkingwith theModelBuilder window you find that:
- you canbuild a modelby stringing processestogether
- you canconstruct processesby adding tools andsetting valuesfor theparametersof each
tool
- you canshareparametervaluesbetweenprocesses
- youcansetmodelparametersinside theModelBuilder window sothatthevaluesfor these
parameterscan besetwhenthemodel is run from itsdialogbox
- you canedit dialogbox with customtips and helps
- you canchangethe default diagramproperties to changethe layout of the model or the
symbologyappliedto elements
- you canaddtext labelsto thedisplaywindow, elements,connectorlinesor customscripts
- you cannavigateeasilyin themodelusing thezoomor pantools
- you caneasil y repair aninvalid parametervalueor tool reference
- you canprint your model andgeneratea report
- you can import existing modelscreatedin ArcView GIS 3, andyou canexportmodelsto
scriptsor graphicsto shareit.
In geoprocessingin ArcGIS, a processis madeby a tool and its parametervalues (ESRI,
2005). One process,or multiple processes connectedtogether, createsa model. Each
process in a modelis in oneof threestates:

- not readyto run
- readyto run
- hasbeenrun

Thestateof a processdependson the stateof its elements. A process is readyto run when
each of its elementsis ready to run. By default, elementsthat are not ready to run are
symbolized in white. An element is 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 not-ready-to-run state because the required
parametervalueshavenot beenspecified,asthegraphic below shows:

Elementsthat arereadyto run are symbolizedwith colors: input (or project) dataelements
are blue, tool elements are yellow, and output data (derived data)elements are green.A
process is readyto run when all elementshavebeensupplied with the required parameter
values.
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Whena process hasrun successfully,the tool and deriveddataelements are displayedwith
drop shadows, indicating that theprocesshasrun and the deriveddatahasbeengenerated.
You canalsodecidethe order of tools when running the modelby right clicking any tool
and setting priorities.

Oncethemodelhasbeensaved,it is useful to give it a nameand a shortdescription. This is
possibleenteringthe General folder inside the Model propertieswindow. The model here
describedwascalledFOpP(ForestOperationsPlanning)

It is very useful to introducein themodels someparametersthatwil l bemanagedby future
usersthroughtheuserinterfacewindow. Fromthebuilding modelwindow it is possible to
introducea new variable by right clicking any tool. Variablesareshown in light blue and



121

havea “P”  if theyare setasmodel parameter. As in the examplebelow, you mayask the
user to give a new reclassification method or you could ask to find this information
selecting it from a*.txt file.

All your modelparameters areshownas a list in the Parametersfolder insidethe Model
propertieswindow (seeabove). You canorder them asyou prefer andthe sameorderwill
be in theuserinterface.To eachparameter you canalsoinserta comment describing it or a
short linesto helptheuserfillin g or modifying datato adapt themodelto his necessities.

Figure3.5.2.b: theFOpP– definingskiddingsystemsdialogwindow

Through the Model Properties window, or if you are a userthrough the Dialog window,
you canentertheEnvironmentssettings.
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Figure3.5.2.c: theEnvironmentssettingwindow

This is the core of the model, you must set your workspace (input data and output
geodatabases)and your geographical coordinate system. If you do not, you could have
problemsin showing or evenin running the model becausegeoprocessingtools will not
work properly. It is suggested to set your input Digital Elevation Model as mask for the
Output extent and for the Cell size. This will avoid problems of not exact coincidence
betweenoutput rasters that could deriveby some conversionsthat themodelperforms.It is
the caseof convertingpolylines or polygons into grid or rastersfi les (figure 3.5.2.d): you
maynoticesomeloosingdatanearroadsor nearyourstudyareaboundaries.
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Figure3.5.2.d: anexample of errorsthatmay occurperformingshapeconversion

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 foldersare needed,one containing input shapefiles,
the other wil l storeall output-files. But whenclosingArcMap,all those output-fi leswill be
deletedbut not thosethat weredefinedas“parameters”inside the model. All intermediate
calculationsandmaps will belost, but you wil l savea lot of spacein your hard-disk.These
folderscontaininggeographicfiles arecalledgeodatabases.
Thegeodatabase, short for geographic database,is thecore geographic information model
to organize GIS data into thematic layers and spatial representations (ESRI 2005). The
geodatabaseis a comprehensive seriesof application logic and tools for accessing and
managing GIS data. This application logic is accessible in client applications (ArcGIS
Desktop),serverconfigurations(ArcGIS Server), andlogic-embeddedcustomapplications
(ArcGIS Engine).The geodatabaseis a GIS and database managementsystem (DBMS)
standards-basedphysical data store and is implemented on a number of multiuser and
personal DBMSsandin XML. Thegeodatabasewasdesignedasanopensimple-geometry
storage model.
Someadvantagesof a geodatabaseare:

o Geodatabasescan have built-in behavior and are stored completely in a single
database.

o Largegeodatabase feature classescanbestored seamlessly, not tiled.
o In addition to generic features,such as points, lines, and areas, you can create

custom features,suchastransformers,pipes, andparcels.
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o Custom featurescan have specialbehavior to better representreal-world objects.
You canusethis behavior to support sophisticated modelingof networks,dataentry
error prevention,customrendering of features, and custom forms for inspectingor
entering attributesof features.

o Each featureis storedasa row in a table. Thevector shape of thefeatureis storedin
the table'sshapefield, with the feature attributesin other fields. Eachtable storesa
featureclass.

Figure3.5.3.a:thegeodatabaseandmodelfil esasshown inside the ArcCatalog (left) and
in the“resourcesmanager”of a personal computer (right)

Two typesof geodatabasearchitecturesareavailable: personalgeodatabasesandmultiuser
geodatabases. Personal geodatabases, which are available to all ArcGIS users,use the
Microsoft Jet Engine database file structure to persist GIS data in smaller databases.
Personalgeodatabasesaremuchlike file-basedworkspacesandhold databasesup to 2 GB
in size.Microsoft Accessis usedto work with attribute tables in personal geodatabases.
Personalgeodatabasesare ideal for working with smaller datasetsfor GIS projects and in
small workgroups.Personalgeodatabasessupport single userediting, and no versioning
support is provided.Multiuser geodatabases require the useof ArcSDE andwork with a
varietyof DBMS storagemodels (IBM DB2; Informix; Microsoft SQL Server;andOracle,
with or without OracleSpatial or Locator). Multiuser geodatabases are primarily used in
workgroups, departments, and enterprisesettings. They take full advantage of their
underlying DBMS architecturesto support:

o Large,continuousGISdatabases.
o Manysimultaneoususers.
o Longtransactionsandversioned work flows.

Multiusergeodatabasesreadily scale to large sizesand numbersof users.
Geodatabase XML representsESRI's openmechanismfor information interchangebetween
geodatabasesand other external systems(i.e.: internet). ESRI openly publishes and
maintains the completegeodatabaseschema and content as an XML specification and
providesexampleimplementations to ill ustrate how you can sharedataupdatesbetween
heterogeneous systems. XML interchange of geospatial information to and from the
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geodatabaseis simplified using the geodatabaseXML specification. External applications
can receiveXML datastreams,including:

o Exchangeof complete losslessdatasets.
o Interchangeof simple featuresets(much like shapefile interchange).
o Exchange change-only (Delta) record setsusing XML streamsto passupdatesand

changesamonggeodatabasesand otherexternaldatastructures.
o Exchangeandsharingof full or partialgeodatabaseschemasbetweenArcGISusers.

Geodatabases are relational databasesthat contain geographic information. Geodatabases
containfeatureclassesandtables.Featureclassescanbeorganizedinto featuredatasets.
Featureclassesstoregeographic featuresrepresentedaspoints, lines,polygons, annotation,
dimensions,and multipatches and their attributes.All featureclassesin a feature dataset
share the same coordinate system. Tablesmay containadditional attributesfor a feature
classor geographic information, such asaddressesor x,y,zcoordinates.
Manyobjects in a geodatabasecanberelatedto eachother.For example, tablescontaining
customer addressesand billing information are related, just as state and county feature
classesarerelated.To explicitly definethe relationships betweenobjects in a geodatabase,
you must createa relationship class. Relationships let you use attributesstored in a related
objectto symbolize,label, or querya featureclass(BURROUGH 1986;SMITH et al. 1987).
Feature classes in a feature datasetcan be organized into a geometric network or a
topology. A geometricnetwork combinesline and point feature classes to model linear
networks - for example,electrical networks - and maintains topological relationships
betweenits featureclasses.A topologyis a set of relationships that defineshow thefeatures
in oneor morefeatureclassessharegeometry - for example, citiesmust beproperly inside
states.
Topology in a geodatabaseallows you to represent sharedgeometry between features
within a featureclassandbetweendifferent feature classes.You canorganize the features
in a geodatabaseto createplanartopologiesor geometric networks.
Featureclassescan sharegeometrywith other feature classes in a planar topology. For
example, you might definea topologicalrelationshipbetweenstreets,blocks,block groups,
and census tracts. The street segmentsdefine the boundary of the block they enclose.
Groupsof blockscanbecollectedinto blockgroups, andblockgroupsinto tracts.
A planar topologyis composedof a setof nodes, edges,andfaces.Whenyou updatethe
boundary of onefeature, thesharedboundariesare updatedaswell.

Figure3.5.3.b: basisof topology
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Topologically related edgeand junction features within a datasetcan be bound into a
geometric network. This is usefulwhen the featuresmust be connectedto eachother with
no gaps. For example, you could organize pipes,valves,pumps, and feedersinto a water
network.

3.5.4. Describing processes of the model

The ForestOperationsPlanning model is split in two parts to simplify procedures and
reducetherunningtime.Thetwo partsarecalled:

1. Defining skiddingsystems(which makesa feasibility analysis)
2. Systemsoptimizationandcosts ( establishtechnical andeconomicalpreferences)

They may be opened trough the ArcMap toolbox by double-clicking the icon. An user
interfaceli ke that on figure 3.5.2.b will appearandenable the userto setparameters and
run thetools.

The functioning structure of the model is quite intricate (figure 3.5.4.a) and will be next
explained stepby stepwith diagramsandexamples.



127

Figure 3.5.4.a: the defining skidding systems and systemsoptimization andcoststools
diagrams. They include more than150 stepswhich takefrom half to onehour running
timedependingon thesizeof theplanningarea.

3.5.4.1 Defining skidding systems

Thefirst stepof this tool is determining trafficability classesandgradeability. Starting from
geology and precipitation, the model definesa list of soil trafficability classes(AA.VV.
1961; ANDERSON 1985; BONASSO 1989; AA.VV. 2002). On the basis of the soil
composition andpH, the geology shapefile is converted into a grid fil e and consequently
reclassifiedinto threestability classes:high, normalandlow (values1-3 - table3.5.4.1.a).
The rain input shapefile is alsoconvertedinto a grid file andreclassified into four classes
accordingto the averageamount of rain (values10 - 40). Classesaredefined considering
theAlpine climate.
The two grid files (stability and h2o_year) are summed(figure 3.5.4.1.a) with algebraic
instrumentsand reclassified into four gradeabilit y classes (table 3.5.4.1.b). Theseclasses
are used then to selectthe maximum slope to which off -road systemscan move inside
forest(BEKKER 1969; SAMSET 1975; ROWAN 1977; MELLGREN 1980;LÖFFLER 1984). The
maximum slopevaluesaresetas model parameters,so they canbe modified by the user
through the model interface.Figure 3.5.4.1.bshow an exampleof the output gradeability

file.

Table 3.5.4.1.a:Reclassifying soil andrain input fil esto evaluategradeability
Soil stabili ty

Rain mm/year
HIGH

1
NORMAL

2
LOW

3
< 700 10 HIGH (11) HIGH (12) HIGH (13)
700-1500 20 HIGH (21) HIGH (22) NORMAL (23)
1500-2500 30 HIGH (31) NORMAL (32) LOW (33)
> 2500 40 NORMAL (41) LOW (42) VERY LOW (43)
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Figure 3.5.4.1.a:lay-out for gradeabili ty calculation starting from stands, soil and rain
input shapefiles.

Table 3.5.4.1.b:Maximumslopevaluesaccording to gradeability classes
Gradeability

Systems High Normal Low Very Low

Uphill 18 15 12 8Tractor
Down 23 20 17 13
Uphill 32 30 27 22Forwarder
Down 38 35 32 28
Uphill 63 60 57 53Cable-forw
Down 63 60 57 53

Figure3.5.4.1.b:a gradeabilityoutput map

Consequently, threebasicmapsare created:theslope,the extraction distanceandtheuphill
or downhill direction(figure3.5.4.1.c).
The slope is created starting from the Digital Elevation Model using the slope tool inside
theSpatialAnalyst toolbox. Valuesarecalculatedin percentage(figure3.5.4.1.d)
The extraction distanceis generated,starting from the roadsshapefile, by the Euclidean
distancetool (TUČEK and PACOLA 1999). The maximum distance may be changedby the



129

user,as default it is set up to 1500 m. The map is after reclassifi ed to eliminate a small
error, in fact thecellscorresponding with theroad trackhavenull value and this will cause
a wrongchoiceof systems.A new value(we used15 m as average)wassetto thesecells
and acontinuoussurfaceis obtained(figure3.5.4.1.e).

Figure3.5.4.1.c:FOpPmodel lay-out of slope,extractionandUpDown mapsevaluation

Figure3.5.4.1.d:theslopemap Figure 3.5.4.1.e: the extraction distance
map

The evaluationof up anddown skidding direction is a littl e complicate (figure 3.5.4.1.f).
Vector roadsareconvertedinto a grid fil e (only truck andtractor roads,skidtrails arenot
considered)andthey areusedasa maskto extractvaluesfrom theDEM (theRoadSlm map
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is obtained).UsingthePathDistanceallocation tool thevaluesof eachroadcell arespread
all over the areaat an equal distance from other roads (demRoad grid fil e). Through a
simple operationperformedwith the map calculator) DEM values are subtracted from
demRoadvaluesobtaining a mapwith positive and negative values.TheUp-downgrid file
(figure3.5.4.1.g)is calculatedby a reclassification of values: positive values correspondto
the uphill side (downhill skidding direction), negative values to the downhill side
(GRIGOLATO 2006).

Figure 3.5.4.1.f: showing elements
consideredgeneratingtheup-down grid fi le

Figure3.5.4.1.g:theup-downmap

Theevaluationof feasibility mapsis quite similar for theoff-roadsystemsandfor thecable
systems, as it is shownin figure 3.5.4.1.h.The model makesa cell-by-cell evaluation for
both skiddingdirectionsaccording to slopeanddistancetechnical limits (CIELO et al. 2003;
HIPPOLITI and PIEGAI 2000) ason table3.5.4.1.c.Theseparameters(the blue balloons in
figure3.5.4.1.h)may beadaptedto theuserneeds.

Table 3.5.4.1.c: technical limits used in the ArcMap model. The maximum slope varies
accordingto thegradeabili ty.

Skidding Downhil l Uphill
system maxslope maxdistance maxslope maxdistance

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
Cable-forwarder 50-63 150 50-63 150

With the technical limits information,model is able to determinefeasibleareasfor each
selected skidding system. Output maps (example on figure 3.5.4.1.i) distinguish the
skidding direction (HEINIMANN 1986 and 1994; LÜTHY 1998; KRČ 1999) and for cable
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systems themodelverify (sort of profile slopeanalysis) thataverage inclination from each
cell to thenearestroadis enoughto guaranteethegravity functioning (figure3.5.4.l).

Feasibility analysis

Tractor– TR

Mobile tower
yarders– CC

Forwarder– FO

Sledgeyarder– SY

Cableforwarder– CF

Figure 3.5.4.1.h:the schemaof tool usedcreating feasibility maps.In blue balloonsare
model parameters that may be setby the user.Circlesunderline a sort of profile slope
analysis.

Figure 3.5.4.1.i:exampleof mobile tower cranesoutput map (on the left side) and the
overlayof tractorandforwarder maps(on theright side).Thestandwith the arrowis the
sameoneconsideredon themodelvalidationparagraph (§ 3.6.1)
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Figure 3.5.4.1.l:mobile cablecranesystems(tower yarders)aredividedin two types,the
2 ropescable systemsskidding uphill andthe 3 ropescable systemsskidding downhill.
If theterrainshapeand slope arequiteflat or irregular, thefeasibili ty mapwil l show “no
slope” areasin whichonly all-terrainsystemscan work (on theright side)

3.5.4.2 Systems optimization and costs

The secondpart of the FOpPmodel makesan overlay of all five systemsmaps (tractor,
forwarder,cablecrane,sledgeyarder and cable-forwarder)in two different ways, from a
technicalandaneconomicalpoint of view.
Both algorithms start from a basic standclassification according to the terrain roughness
and to thestandyield (cutting amount). Theterrain roughnessis one limit ing factor for the
machineoff-roadmovement,while the yield influencetheproductivity of systemsandtheir
choice. If there are less than 48 m3/ha it is not convenient to relocatebig machines as
forwarder,but to usetractor and winch. Systems have so an order of importance:tractor
and mobilecablecranesareat samelevel, thenfollow theforwarderandsledgeyarderand
last comesthecable-forwarder.According to the definedclasses, thechoicewill bedoneon
the “importance”basis.Starting from inputstandshapefile, terrain roughnessis reclassified
into four levels(values10 – 40), while theyield is reclassified into threelevels(values0 –
2). Thetwo mapsare summedandstand classesareobtained(figure 3.5.4.2.a).All possible
valuesare shown on table 3.5.4.2.a: to eachvalue is assignedthe most feasiblesystem
(written in red) and all the other systemswhich could work on the sameparameters
combination. Whenthemodelmakesthemapoverlay it wil l selectsystemsin that order.

Figure3.5.4.2.a:determiningstandclassesfor systemsselection
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Table 3.5.4.2.a: matrix of valuesdefining stand classesand order of systems for their
choice.

Yield m3/cell
Roughness

= 0
0

0 - 3
1

> 3
2

Smooth 10 10
TR

CC / FO/ SY / CF

11
TR

CC / FO/ SY / CF

12
FO

CC / SY /CF
Uneven 20 20

TR
CC / FO/ SY / CF

21
TR

CC / FO/ SY / CF

22
FO

CC / SY /CF
Rough 30 30

CC
FO / SY /CF

31
CC

FO / SY /CF

32
CC

FO / SY /CF
Veryrough 40 40

CC
SY

41
CC
SY

42
CC
SY

Figure3.5.4.2.b: exampleof classesoutput map.

The technical evaluation algorithm starts from the five systems maps and perform an
overlay taking care of classesas defined in table 3.5.4.2.a and figure 3.5.4.2.b (figure
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3.5.4.2.c). The procedure looks like complicate, but the used tools are only two, the
reclassify tool and the single output map algebra. The number of systems and the
distinctionbetweenuphill anddownhill extraction makecalculation quite long.
Figure3.5.4.2.dshows an exampleof technicalsystemevaluationmap, someareasarenot
reachabledueto distance from roadsor steepslope.

SY
ST

E
M

S

Figure3.5.4.2.c:lay-out of the FOpPalgorithm for technicaloutput map

Figure3.5.4.2.d: exampleof technical systemsoutput map.

Through the input model window the user can set averagecosts and productivities of
selected systems.With thesedata the model makesa simple evaluation of costs. The
technicalmapis reclassified andcostsare calculatedcell-by-cell both per cell andpercubic
meter (figure 3.5.4.2.e).Outputs canbe seeas grid maps (figure 3.5.4.2.f) or resumedin
databasetables with some statisticson forest stand basis (table 3.5.4.2.b). Minimum,
maximum, average andtotal costs arecalculated.Costs arestrictly dependingon the yield
distributionandthechoiceof systems.
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Figure3.5.4.2.e:lay-out of tools usedto makestatistics.

Figure 3.5.4.2.f: costmaps,costsarecalculatedcell-by-cell (left side)or percubic meter
(right side).

Table 3.5.4.2.b:summary statisticsof somestands.Valuesequal 0 meansthatthere will not
be cuttings in the next 10 years. Skidding costs vary from 5.5 €/m3 where forwarder is
mainly usedto 8.8where sledgeyarder is necessaryto work (standsA223andA228).

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 7.17 1189.79
A2220 90000 7.62 18.75 11.88 7.92 1710.54
A2230 65625 9.09 22.38 9.85 5.50 1033.76
A2240 123125 7.51 25.16 12.69 8.57 2499.76
A2250 81875 9.85 24.25 14.94 7.70 1957.13
A2260 90000 0.00 0.00 0.00 0.00 0.00
A2270 178750 1.17 3.91 1.81 7.85 516.35
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 productivities and costs, eachsystem has a unique value per eachcell,
different from values of the other systems.The optimization tool starts from this
assumption and select the cheapestsystem through a cell statistic tool (choose the
minimum valuebetweendifferent overlaying grid fil es).Theobtainedmap(cost_select) is
compared with systemscost maps to assignto eachcell the systemswhich correspond to
(tool equal to). The optimal systemsmapis obtainedmaking a sumof the previous maps
(obtained from the comparisonof costsselection and systems costs) as shown on figure
3.5.4.2.g. The result map(figure 3.5.4.2.h)is similar to the technicalsystemmap,but for
example the tractor disappearedbecauseis thelessproductive systemswhich meansoneof
themostexpensivewhere theyield is very low.

Figure3.5.4.2.g:lay-out of toolsusedto makesystems andcostsoptimization.

Figure3.5.4.2.h:exampleof optimizedsystemsoutput map.
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The optimization method usesthe systemsproductivity functions (figure 3.2.4.a) which
were estimatedgiving correlation to skidding distance from forest road (PIEGAI 1990;
FANARI et al. 1999; DELLA GIACOMA et al. 2002;ZUCCOLI et al. 2006). Theresultgives a
decreasing value (in m3/hour) for eachsystem working far from road (figure 3.5.4.2.i).
After this calculation,dividing productivitiesby yield it is possible to know how muchtime
skidding operationswill last and how muchthey will cost (figure 3.5.4.2.l). This value is
suddenlydivided by the yield (cell by cell), transformed in €/m3 and a statistic table is
created(table3.5.4.2.c).

Figure 3.5.4.2.i: on the left side a generalcost function map; on the right side a cost
outputmap(€/m3). 

Figure 3.5.4.2.l: optimizedcostsmaps,costs arecalculatedcell-by-cell (left side) or per
cubic meter (right side).

Costs increase
with distance

Extraction
costs (€/m3)
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Table 3.5.4.2.c:summarystatisticsof somestands.Valuesequal 0 meansthatthere will not
be cuttings in the next 10 years.Skidding costs vary from 9.66 €/m3 where forwarderis
mainly usedto 16.91wherecablecranesystemsarenecessary(standsA223andA224).

stand n° AREA MIN MAX €MEAN /cell €/m3 €SUM /cell
A2200 167500 0.00 46.29 12.26 12.51 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 14.24 982.62
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 themodelwastheevaluationof how muchwood wil l beskiddedto
each forest road section, and to calculate averagecosts. The schema was implemented
inside the model (figure 3.5.4.2.m), but after severaltries was eliminatedbecausethere
weresomefunctionalproblems.In fact, thereweretwo joinsbetweentablesthat hadto be
createdrunningthemodel, but thiscausederrorsand theevaluationneeds to behand-made.
Neverthelessresults (figure 3.5.4.2.n) are interesting becausethey highlight which roads
will supportmoretraffic and will needmore maintenance.

Figure3.5.4.2.m:lay-out for woodskiddingto roadanalysis.

The FOpP modelcan be sharedwith other researchersby exporting and installing it asa
simple toolbox in ArcGIS(*.tbx file). This is not theonly one way, it canbe exportedas a
txt file or as a program into a specifi c language (Python) or into a Visual Basic for
Applications(VBA) using ArcObjects.Thereareseveralhelps on-line inside thecustomer
service websites that everybody could modify the model or improve it with own
algorithms.
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Figure3.5.4.2.n:roadresults. Thicker areroads,morewoodwill flow.

3.6. MODEL VALIDATI ON

Model verification and validation (V&V) are essential parts of the model development
process if modelsareto be acceptedandusedto support decision making. In fact, oneof
the very first questions that a person who is promoting a model is likely to encounteris
“hasyour modelbeenvalidated?”(MACAL 2005).
Verification is doneto ensure that themodelis programmedcorrectly,thealgorithms have
been implementedproperly and the model does not contain errors, oversights, or bugs.
Verification ensuresindeedthat the specification is completeand that mistakes havenot
been made in implementing the model, thus it does not ensure the model solves an
important problem,meetsa specified setof model requirementsandcorrectlyreflectsthe
workingsof a realworld process.
Thepracticalverification is a longprocessandit should takecount that:
- no computational model will ever be fully verified, guaranteeing100% error-free
implementation
- a high degree of statistical certaintyis all that can be realizedfor any modelasmore cases
are tested

• Statistical certainty is increasedasimportantcasesaretested

• In principle, a properly structuredtestingprogram increasesthe level of certainty
for averified modelto acceptable levels

• Exercisemodelfor all possiblecases

• Automatedtestingprocess
- model verification proceeds as more tests are performed,errors are identified, and
correctionsaremade to the underlying model,often resulting in retesting requirementsto
ensurecodeintegrity
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- the endresultof verification is technically not a verified model, but rather a model that
haspassedall theverificationtests!
Validation ensuresthat themodel meets its intendedrequirements in termsof themethods
employed and the results obtained.The ultimate goal of modelvalidation is to make the
model useful in the sense that the model addressesthe right problem,providesaccurate
informationaboutthesystembeingmodeled,andto makes themodelactuallyused.

3.6.1 Comparing results with real working sites

A goodway to testthemodel is to compareresults with some realworking sites.To do this
it was asked to two private enterprises(SAMBUGARO and DALLE AVE from Gallio and
Asiagomunicipalities) which werethe latestoperations andwhich systemswere used. To
their answers wereaddedalsosomeobservations taken duringa previousstudy conducted
on cable cranesystemson the samearea(TOMASINI 1996). Sevenworking sites were
considered,threeusing tractor and winch, one using forwarder, two using mobile cable
cranesand oneparticular siteweresledge yarderwasused in parallel with forwarder, both
ownedby thesameenterprise. Theworking areawasgeoreferencedand usedasa mask to
evaluateFOpPresultsusing the summary statistic tools in ArcGIS. Classified cells were
summarizedpereach systemand comparedto the realused skidding system.FOpPresults
wereso evaluatedaspercentageof right or wrong estimation (error). It should be pointed
out that inside eachforeststandFOpPresult haveto be interpretedby theforesterthatuses
this modelandprobablyhe will chosethe skidding method by choosing the onewith the
majority of cellsinsidethatstand.
Figure3.6.1.ashowsFOpP resultson tractor with winch working sites. On the left andon
the right foreststandthe majorityof cellswould suggest theuseof theforwarder,but when
the operationswere done this machinewas not available. Inside thesetwo stands,the
forwarder is better than tractor because of quite high values of steepslope and terrain
roughness.The standshowedin thecenterwason a very good terraincondition (gentle and
smooth)andcuttingamountwasnot so intense,so the tractor is thebest. Thecompetition
betweentractorandforwarderis quite strong now on the Asiagoforests becausethere are
two machines,sotheevaluation of themodel could beconsideredquite good. Nevertheless
theerror is high (only 79 “tractor” cellson319 total cellsof thetreeareas),figure3.6.1.b.
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Figure3.6.1.a: comparingFOpPresultson threeworkingsiteswhereskiddingoperations
wereperformedwith tractor andwinch.

FOpP results and reality on working sites with tractor and winch
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Figure 3.6.1.b:comparingthenumberof cells whereFOpP results suggesttheuseof the
tractoragainsttheothersystems.

Insidethe studyarea wasfound only onesite where extraction operationswereperformed
with theforwarder(it wasalsopossible to bepresentat thattime). Whenthe soil is not wet,
the machine caneasily drive loaded(downhill direction) on steepslopesup to 38%. During
the loading phasea skilled operatormay be able to reachfelled treeseven on steeper
terrainsusingtricks with the boom.This is evenmoreeasyif the chainsawoperatorfells
treestowardtheright directionsknowingtheneedsof themachine.This meansthatusinga
terrain Digital Elevation Model with a 25 m definition, some cells, wherethe slopeis too
high andthemodelsuggestfor example theuseof cablesystems,would bealso reachable
by theforwarder. This is thecaseof figure3.6.1.cwherealmostall cells lying on thestand
borders(the browns) would be skidded with forwarder.Greencells wil l be also easily
reachedastheviolets(but only in this case) becausetheforwarder in usehad a winchwith
20 m wire rope (so comparable as a cable-forwarder– figure 3.6.1.c). The estimation of
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forwarderworking areas is quitegood: the error is only 19%,but could be lessconsidering
valid cells alsothosewith tractoror cable-forwarder(13,6%- figure3.6.1.d).

Figure 3.6.1.c: comparing FOpPresultson two working sites whereskidding operations
wereperformedwith forwarder.
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Figure 3.6.1.d:comparingthenumberof cells whereFOpP results suggesttheuseof the
forwarderagainstthe othersystems.

On those standwherethe terrainparametersaretoo badfor theground skidding operations
the FOpPresultssuggesttheuseof cablesystems.Thenonly two parametersinfluencethe
choice betweena mobile tower yarderanda sledgeyarder: the distancefrom forest road
and the yield amount.Wherethe yield is very low is would bepreferabletheuseof tower
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yarderbecausemounting and dismounting time andcosts arelower thanthose of a sledge
yarderline setting. The examples on figure 3.6.1.e show two stand well servedby forest
roadwherethe useof cable systemsis well estimatedwith a 32.4% error (figure 3.6.1.f).
The stand on the left sidemay have someproblemsof setting the linesdue to a terraced
terrainand anaverage slopenear thelimit of function for gravity systems.

Figure3.6.1.e: comparingFOpPresultson two workingsiteswhereskiddingoperations
wereperformedwith cable cranes(mobile tower).
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Figure 3.6.1.f: comparingthe numberof cells whereFOpPresults suggest the useof
cable systemsagainsttheothergroundextraction machines.

One working site wasparticular because two forest standswerecut at the sametime and
becausetwo systemswere usedin parallel: a sledgeyarderand a forwarder. The cable
system wasusedon the steepestareawhile the forwarderextracted wood from the easiest
ones (see pictures on figure 3.6.1.g). The model suggested thesetwo systemsbecause
inside this areathe road network is insufficient, therewas only an old skidtrail created
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probablyby a trackedtractorfew yearago. Considering11 cells thatthemodel evaluatedas
un-reachable, theerrorwasvery low (4.4%- figure3.6.1.h).

Figure3.6.1.g: comparing FOpP resultsononeworkingsiteswhereskiddingoperations
wereperformedwith cable cranes(mobile tower).
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Figure3.6.1.h:comparing thenumberof cellswhereFOpPresults suggest theuseof
cable systemsand forwarder together.
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3.6.2 Comparing models on the same area

Onegood way to testthe model wasto checkresults comparing themwith anothermodel
built with more of less the samepurpose. This had been possible thank to a strong
collaboration betweenthe University of Padova(Dept. TeSAF) and the University of
Ljubljana(Dept.of Forestry).
KRČ (1999and 2006)developeda SDSSmodel (called hereIDRISI model, becauseit runs
on IDRISI geographical software) to evaluatethe suitabilit y and costs of using different
systemsor machinesfor cuttingand skidding operations.
Theselectionof skidding systems(technology)andskidding direction is derivedby model,
which makethe determinationof optimal skidding system andskidding direction (uphill,
downhill). Wood skidding mapwas determined by procedure of Multi-Criteria Evaluation
(MCE) of influential factors summarizedto Multi -Criteria Evaluation method (EASTMAN

1995). By the MCE method the optimal skidding model wasdetermined.The first stepof
skidding model determination was procedure for selection of influential factors and their
importance. The criteria for influential factor selection were relatedto significant terrain,
standsand opennessconditions of forest compartment. The weight of every influential
factorhadto bedeterminedon the baseof importanceratio amongtheselectedfactors. The
weight was derived by pairwise comparison method(SAATY 1980). For every skidding
model its suitability valueshowing suitabilit y gradeon concrete ground plot, represented
by raster grid cell was calculated. The suitability value is related to terrain and stand
conditions expressed by selectedinfluential factors (terrain slope, skidding distance,
rockiness,soil bearing capacity). The procedurefor suitability value calculation was
summarizedto weighted linear combination of standardizedvaluesof influential factors.
The standardizedvalues were derived by positive correlation between influential factor
value and its suitability for each skidding model separately. For instancesteep terrain
slopeshave high standardized valuefor cable craneskidding modeland low standardized
value for tractor skidding model. The last step of skidding model determination was the
comparison of suitability indexeson every ground plot expressed by rastergrid cell. The
suitability index comparisonwas enabled through using of pairwise comparisonmethod
which distributes the determination of skidding model on the altogether influence of
selectedinfluential factors.
Skidding method with some additional data (skidding distances, skidding direction) was
usedas input data into computerprogram,which hadbeendevelopedfor forestoperation
cost calculation (FireFox software, similar to Access). Basic unit is forest compartment
with specific set of influential factors, derived from forest inventory (Slovenian Forest
Service data).The programcalculatespotential cutting and skidding cost using standard
times(KOŠIR 2003)multiplied by systemhourly cost.Therearealso separated procedures
developed for determinationof standard times for each specific operational condition
(meanthreevolume,skiddingdistance,terrainconditionsetc.)andsystemhourly cost(KRČ

and KOŠIR 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
forestcomplexof Smolicaat rangemountain of Pindos– in Northern Greece.Theforest is
mainly composedby Pinusnigra, known in Greeklanguageas“Robola”, and it is a unique
biotopebecause manyrare speciesare living there(brown bears,wolves, lynx, etc.). The
roadnetwork is old, but every yeartheoffice of forestry improvesthenetworkin order to
be accessiblenot only for logging;but also for multi-use purposesandrecreational reasons
(STERGIADOU 2007). In Greecethe forestryis ecologically andlesseconomically oriented
and themain reasonis that the forestlandbelongsmainly to theState(STERGIADOU 2006).
Input datawerevery roughandinformation about soils andforest management needed to
be implementedbefore running the models. Results map ( figure 3.6.2.1.aand 3.6.2.1.b)
were comparedshowingthat IDRISI model is strictly connectedto the forest stand area,
while ArcMap FOpP model considersthe entire area.Both modelsconsiderthe skidding
direction,buton theFOpPfinal result mapthis is not showed.

Figure3.6.2.1.a:FOpPmodel resultsmap
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Figure3.6.2.1.b:IDRISI modelresultsmap

Results were also comparedon forest stand basis to check how the shareof different
systems changebetweenmodels. On the IDRISI model (figure 3.6.2.1.c) the share(%) of
systems variesvery lit tle andseems that only the selection of manual skidding methodis
correlated to the incrementof yield (R2=0.96). Inside the ArcMap model, the intensity of
cuttings influencesthe choice of the skidding system so, it would be expected that
increasing the yield, the shareof skidding systemsshouldvary and the most productive
systemshouldincrease.Resultson figure 3.6.2.1.d have no statistic approval, but thesmall
tower cranesincrease(R2=0.59) while sledge yarders (low hourly productivity) slowly
decrease. Thedifferenceon thenon reachable forest is significant andit dependon theroad
density and on systems technical limits set before running the model. Here seemsto be
moreexacttheFOpPmodel defining a technical, environmentally andeconomicallimit up
to 900m (sledgeyarders).Forestareassitedfarer from roadswould require thebuilding of
new roads, but only if their function hasproduction purposes (that is not the case of this
Greekforest).

Table 3.6.2.1.a:comparingaverageresultsby standtypologies(treespecies)
stands yield

(species) (m3/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

Slovenian model (%) FOpP model (%)



148
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Figure3.6.2.1.c:shareof systemsasfrom
IDRISI output

Figure3.6.2.1.d: shareof systems asfrom
ArcMapoutput

3.6.2.2 Slovenia

After the first attempt to validate the model on the Greek area, the FOpP model was
modified becauseanerrorwasfound on a processcalculation. Someproblemswere related
to the use of ArcMap tools which may incur on errorsif working with floating numbers
(double precision after commas). More over, the calculation with floating values takes
longertime andit was checkedall themodel algorithm to make thecalculation faster. Af ter
thesechanges,the model have beenagain comparedwith the IDRISI model on a huge
productive forestarea(ab. 1450 km2), characterizedby steepterrains and low yield forest
coppices (figure5.3.2.a).Heretherunning time tookabout 45 minutes.
Study arealies over the borderbetweenSloveniaandItaly (figure 5.3.2.a): it includesthe
mountain community of Torre, Natisoneand Collio and four Slovenian municipalities
(Tolmin, Kobarid,Kanaland Brda) raising a total of 143047ha.About 70%(98340ha) of
the areais coveredby forestswhich aremainly broadleaftrees(beech,oak, ash, hornbeam,
maple). Only 10% of forest area is coniferous plantation. On Slovenian side, forestry
databases (1087compartments) androad shape-files wereavailable andreadyto be used.
On Italian sideonly data comingfrompublic assessedforestswereavailable: for theprivate
areas, information from CorineLand CoverandUseand forest typologies were joined to
derive estimation of stocksand allowable cutting volumes.The input datapreparingis a
timeconsumingwork (severaldays)which is neededto run themodelwithout errors.
Running modelson thesamearea wasvery useful: the forest andterraincharacteristicsare
changing betweenItaly andSlovenia,so eventhe model results wereexpectedto change.
This is clear on table 3.6.2.2.awhere FOpP results are comparedaccording to the two
country areas:on the Italian side theuseof tractorandthe un-reachable foresthavelower
values than in Slovenia,the use of small mobile cable systems decreaseof 50%. This
variationis dueto two main reasons:
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• thefirst is theterrainsteepnesswhich is veryhigh on theItalian side(soit’s good to
work with cablesystems)

• secondis the road network. In Slovenia thereare 23.1 m/ha as averageof truck
roads, in Italy the averageroad density reach 20.5 m/ha. This means lower
accessibility to forest. Nevertheless,the un-reachableforest in Slovenia reached
24% becausethereare big forest areaswithout accessroads. The road density is
moreregular in Italy and soareconsequently roaddistances.

IDRISI modelhada problem that will becorrectedin the futurebecause what is farer than
1000 m it is consideredto beskiddedby tractor even if thereare no roads (seealsofigure
3.6.2.2.a). In Slovenia is alsostill actualthemanualskidding systemon very steepterrains
(by the useof gravity force). Comparing the shareof cablesystemsandoff-roadsystems,
the results of bothmodels are similar: in Italy off-roadsystemsandcablehavea proportion
of 0.61(29%/46%),in Slovenia theproportion is 0.66 (37%/56%).

Table 3.6.2.2.a: Comparingmodelsoutputcell by cell (only forestarea)
ITALY

(ArcMap40mGRID cell)
SLOVENIA

(ArcMap 40mGRID cell)
SLOVENIA

(IDRISI 25mGRID cell)
system cells(for.) % system cells(for.) % system cells

(for.)
%

Manual 66294 7
Tractor 3608 1.5 Tractor 33314 9 Tractor 328939 37
Tower 155962 63 Tower 113078 31 Cable 493808 56
Forwarder 38857 16 Forwarder 72086 20
Sledge 28087 11 Sledge 60665 16
Not reach. 21231 8.5 Not reach. 86490 24 Not reach. 0 0
TOTAL 247745 100 TOTAL 365633 100 TOTAL 889041 100

Costs of skiddingoperations arehighly influencedby theyield density insidestandsandby
systems productivities.Thechoiceof systemsinsidea forestshould alsobedonetrying to
optimizetheoperations reducing all costs.
Comparingcost calculation resultsof the two models, thereare some differencesdue to
different ways of estimatinghourly costs. Machinecostsin Slovenia areprobablydifferent
than thosein Italy, that is why averagecostsper stand may bequite different. Eachmodel
useditsown productivity functionsand costs (table3.6.2.2.b).



150

Figure 3.6.2.2.a:Forest standn. 26607 hasno accessroads. The nearest road is on the
southdirection.ArcMap model suggesttheuseof sledgeyarder(brown color) up to 900
m; IDRISI suggesttheuseof tractor even if slope is quite steep(greencolor). Skidding
costsconsequentlyincreasebecausetractor haslow productivities and longerskidding
timesthan a cablesystemin suchasituation.

Table 3.6.2.2.b:harvestingsystemsunit costsusedby models.
SLOVENIA ITALY

SYSTEM €/hour €/m3 SYSTEM €/hour €/m3

Motor manualfelling 11.64 9.12 Motor manualfelling 20.68 8.27
Mechanizedfelling 98.77 7.60

Tractor 43.58 11.25 Skidder/tractor+ winch 34.95 8.74
Mobile towercrane 109.94 16.92 Mobile tower crane 63.00 12.60

Forwarder 66.17 5.09
Sledgeyardercrane 98.00 24.50
Cable-forwarder 70.00 7.85

As shownin figure3.6.2.2.b, average skidding costshavedifferent valueson sameforest
stands.Therearealsosomevery high values (figure 3.6.2.2.c) that could not beexplained
(ArcMap modelhasno more than45 €/m3 as averageextractioncosts,that is feasible even
on worst working situation, considering cutting costs and wood price), while values= 0
correspond on those stands which are not expected to be harvested during the forest
assessmentalplan period. The share of systemsandcost calculation assumptions influence
the result averagecosts: the FOpPmodel estimation is 1.6 €/m3 cheaperthan the IDRISI
solution.
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Figure 3.6.2.2.b:model resultson stand n. 27192. The terrain has an uniform hillside
from north to southwherethereis a forestroad(the red line). Steepslopeis morethan
35%. The FOpPsolution suggestthe useof cablecranesup to 900 m from road, while
IDRISI suggestthemanual skidding up to 200 m andthencable systemsup to 500m. If
cuttings will be plannednearthe road, IDRISI solution might be acceptable, if not, the
useof sledgeyarderwill be theonly way to skid wood.Theuseof tractor on theupper
sideof thestand(asIDRISI shows) isquite non-sense.

Comparing IDRISI/ARCMAP total costs results

0

15

30

45

60

75

90

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

10 years periodic yield per forest stand (m3)

€
S

u
m

 o
f 

cu
tt

in
g

 a
n

d
 s

ki
d

d
in

g
 c

o
st

s 
(

/m
3) Cut/skidding costs IDRISI

IDRISI average costs
Cut/skidding costs ARCMAP
ARCMAP average costs

23.4

21.8
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level onSlovenianside.
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Costs differencesat foreststandlevel are quite betterlevelledwhenconsideringaveragesat
“ road basin” level (the roadsiteswherewood is piled beforeits transportation to the mill,
the cost includesalsocutting operations). IDRISI model giveson average0.8 €/m3 higher
costs than ArcMap model (figure 3.6.2.2.d). Source points costs coming from model
outputsare very similar andnearto reality. Comparing ArcMap results on differentstate
sides, Italian operationsare6.3 € more expensive than Slovenian (figure 3.6.2.2.d) due to
different shareof systemsasshowedon table 3.6.2.2.a.
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Figure 3.6.2.2.d:Graph comparing IDRISI vs FOpP averagecosts (€/m3) at road side
piling places.

3.7. MODEL EVALUA TION

The objective of the model evaluation was to investigate how parameters influence the
results. Between all inputs, the extraction distance is the most important because it
determines the feasible working areaof eachskidding systemandalso the productivities,
and consequentlycosts,in the optimizationprocedure.Otherparametersastheproductivity
formulas, the gradeabilityslopes or the maximum terrain roughness are thought to be
constantinside astudyareawhere fieldstudieshavebeenconductedon purpose.
The effects of changingextraction distance were testedverifying the variation in the
reachableareaof systems,the technicaland optimal share of systemsandthe variation of
averageandtotal standskiddingcosts.
Running the defining skidding systems part of the FOpP model, tractor, forwarder and
tower cablesystemshavebeentestedchanging extraction distancefrom 100 to 600 meters
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and considering equal the downhill and the uphill distance. The first part of the model
determinessystemsmapson thebasisof maximumslopesandsystemsgradeability,while
the terrainroughnessis not takenin count (only on thenext optimizing systems and costs).
Comparingthetotal surface of each system,themobile towercoversa largerareafollowed
by the forwarderandthenby tractor.This depends probably on theslopesdistribution and
on theroadnetworkwhich influencemuchmore the tractor thantheother two systems.The
datacorrelation with a logarithmic trend is very high (figure 3.7.a) and it is interestingto
notice that at the sameextractiondistancethe downhill direction is easier than the uphill
directionwhichcoversabout onethird of eachfeasiblesystemareas.

Influence of distance on reachable area
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Figure3.7.a:evaluating thevariationof systemsworkingareasaccordingto extraction
distanceinsidetheAsiagoforeststandstudyarea.

Theeffect of extractiondistancewastestedon thetechnical andoptimal output maps.
Theevaluationon thetechnical mapwasperformedby modifying theextraction distance of
tractor between50 and 500 m and considering fixed the other systemsdistance.Results
show that the tractor working area increaseswith the samelogarithmic trend than figure
3.7.a but the sledgeyarder and the cable-forwarder systemsare not influencedby this
variation(figure3.7.band3.7.d). 
The evaluation on the optimized systemmapwasperformedmodifying at the same time
forwarderand tower extractiondistances.Results (figure 3.7.c and 3.7.e) show that the
tractoris substituted by forwarderif theextraction distanceis farer than200m. Themobile
tower area increasesvery slowly becauseforwarder and sledgeyarderare cheaperwhen
working at longdistanceswith low cutting amount.
Comparing figure 3.7.d and 3.7e it is clear that the technical evaluation shows a well
distributed shareof all systemsaccording to their technical limits while the optimized
outputmapsuggests theuseof thecheapest systems.
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Inflluence of distance on technical systems distribution
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Figure 3.7.d: the technical output map
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tower extraction distance. Blue standsare
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The variationof average skidding cost per cubic meter andtotal skiddingcostsper forest
stand was tested.Four stands were chosen becauseof their different shareof systems,
distributionof slopesandallowedcuttingamount (between0,82 m3/cell, standn° 231,and
2.25 m3/cell, stand230).Costswere summarizedper eachstandtesting thetractor distance
between50 and500m for thetechnicalcostsandthe forwarderand tower systemsbetween
50 and 400 m for the optimized costs (figure 3.7.f and 3.7.g). Resultsshow that the
variationof thetractor extraction distancehaslow impacton theaveragecosts basedon the
technicalsystemsmap (figure 3.7.h). Also thesumof skidding costspereachforeststandis
quite constant(figure 3.7.i). Correlationvalue is quite high so we could say that tractor
extraction distancehasno influenceon technical unit costs. Stand229 haslower costs(2
€/m3 less) dueto thelow averageslopeandthelargeuseof forwarder.
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Figure 3.7.f: the unit costs based on the
technicalsystemsmap

Figure 3.7.g: the unit costs basedon the
optimal systemsmap
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Figure 3.7.h: variation of average skidding
costsaccordingto tractor extraction distance

Figure 3.7.i: variation of averageskidding
costs according to forwarder and tower
extraction distance
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Total costs dependon the stand area, stands228/230 and229/231 havesimilar areas,but
stand 229 has lower total skidding costsbecausewood can be easily skidded with the
forwarderwhichhaslower costs thancable systems.
The influenceof the extraction distanceon the optimized costsis more evident (figure
3.7.i). Average costsdecreasefirst rapidly, then slowly (the logarithmic correlationhas
high statisticalvalue),influencedby theshareof forwarderandtoweryarderwhich arethe
cheapest systems. Costsdecreaseof about 2 €/m3 when extraction distanceis more than
300 m. Total stand skidding costs vary at a different rate (figure 3.7.m) when the
optimizationdoesnot changethe shareof systemsinsidethestand:this happenswhenthe
averageslopeis high or flat (stands228and 230), in fact cablesystemsor off-roadsystems
will be selectedas optimal skidding systemsevenif the extraction distanceparameteris
modified. The results highlight how a goodsystemchoice, whenthe roadinfrastructure is
not adequate,coulddecreaseutilizationcostsandsoincreasethewood value.
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4. RESULTS

The model output resultsare grid mapsand database tables. The skidding systems maps
offer goodinformation to the foresterwho hasto makeassessmental plansandmayalso be
usedto evaluatetheroadnetwork.

4.1.MODEL OUTPUTS

The ForestOperationsPlanning model provides severaloutput maps which by definition
are spatially referenced. These mapscanbeusedand interpretedby theforester who makes
a planningto chosewhich skidding system would be the most convenientinside a well
defined area.This is the meaning of a Spatial Decision Support System,in this casethe
FOpP model is a tool that allow to select the extraction systems. Here five skidding
methodsareconsidered,three of themareground-basedand two arecable-based.Output
maps providesomesolutionson a cell -by-cell basis,but asit is on thereal li fe, theyshould
be appliedwith consciousness.It is clearthata forestenterprisecannot own all systems,so
the plannedcuttings insidea foreststandwill becut andskidded with only onesystem(or
two). The forester hasto usethe outputsas a suggestion(a real “support”), but he will
take the final decision thatshouldbedonealsotakingcount of thelocalenterprisesandof
their skill andownedmachines.Another possibility for the planneris to definetheyield on
an areawhich do not correspond to a single foreststand, for example on a smaller part or
on several standstrying to conciliate both ecologicalan sylvicultural needswith technical
limits. Moreover,the output cost maps allow the forester to estimate the wood standing
price (called “macchiatico”) and could be usedfor dimensioning the yield by optimizing
the enterpriseincome. If the forester makes a good planning and cuttings provide an
economicalgain,hemight besurethathiswork wil l besuccessful.
Themodelhasno limit in thesizeof thearea,but therunning time is influencedby thecell
size. For exampletheevaluation of theGreekcase(§ 3.6.2.1)tookabout 20 minutesbut the
DEM in use had70 m cell resolution. The running time for the Slovenian caseandfor the
Asiagoforest tookabout 45-50 minutes:thefirst area (§ 3.6.2.2) was1450km2 with a 40 m
cell sizewhile theAsiagoforestwasabout 50km2 with a25m cell size(figure4.1.a).
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Figure4.1.a:thetechnical systemsoutput mapon theAsiago foreststandsproperty

The tractorwith winch is theskiddingsystem which hasthe strongesttechnicallimits and
for this reason its working areais smallerif comparedto that of theother systems. Output
maps show that the downhill skidding direction is preferredwhen the terrain is smooth,
plain and highly stable. On figure 4.1.b (Asiago area),roadsare sited on valleys so the
downhill direction is mostly prevailing. On the Friuli-VeneziaGiulia study arearoadsare
sited both on the valley bottom and on the mountains ridge and shouldersso the uphill
skidding directionis more spread.On figure4.1.c it is also possible to notice insidethered
rectangle thedifferentskidding distancebetweentheuphill andthedownhill direction.
The forwarderhasa higher mobility than the tractor due to its six or eight traction wheels
and the height from the ground which allow the machineto work evenon rough surfaces
(roughnessclassn. 2). If theaverage slopeis not so high it caneasily work evenon steeper
terrainsmovingon easypaths and usingthe boom:on figure 4.1.dthe forwardercoveran
area two timesbigger thanthe tractor areaon figure 4.1.c.. This is also evidentwhen the



159

maps are overlaid as on figure 4.1.e. Considering that forwarderhas a high productivity,
three timesmorethantractor,and hourly costs areonly two timesmore,its useshouldbe
increased. Safetyof operators would beimprovedindeed.

Figure 4.1.b: the tractor map on the
Asiagoforestarea

Figure 4.1.c: the tractor map on the FVG
region

Figure4.1.d: theforwarderskiddingmap Figure 4.1.e: overlaying tractor (dark
green)andforwarder skiddingmaps

When helpedwith a rear winch included on the forwarder frame it becomea so called
cable-forwarder.Thetechnical limi t of themachine is thedistancefrom roadthat is limited
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to the cable length. Having the slope litt le importance,the skidding area is similar to a
buffer of theforestroads(figure 4.1.f). If we considerforwarderandcable-forwarderasan
uniquemachinewe could skid wood from almost all the forest areawith slopeunder 70%,
ason figure4.1.g.

Figure 4.1.f: the cable-forwarder skidding
map.

Figure 4.1.g: overlaying forwarder
(blue)andcable-forwarder skid maps

The evaluation of skidding mapsfor cable cranesystemsconsiders, also on a cell-by-cell
basis, the averageslope betweeneachpoint and the nearestroad.Cable systemsrequire a
minimum slopeto allow the systemworking. If the slope is too low, hereconsideredless
than 15%, the carriagemay incur into two differentproblems, the first is that the gravity
forcehasnot enoughpower to pushthe load down andthe second is that near the endof
spansthe carriagecould not passthe jack or it could causethe falling of the rope from its
saddle.Output mapshavethreedifferentvalues,one is the skidding uphill area,which is
requireda two ropessystems(mostusedin Italy), the second value is the downhill area,
where three ropes systemswork better, and a third value where the wood would be
reachablebut theaverage slopeis lessthantheminimum (figure 4.1.h).Watching thesame
resultson a 3D scene(figure 4.1.i) it is clear that some areasare too flat for the cable
systems andit is clearthatotherground systemswill work there.Oneexample on how the
foresterhasto interpretresultsis shownon figure 4.1.i: in the centreof thefigure thereare
two parallel roadsand the skidding direction is for a half uphill and for the other half
downhill. This result is due to a model running tool that calculatesthe shortestdistance
from each grid point to the nearestroad(Path Distance Allocation). The distance between
the two roadsis more or less200 m, but any enterprise will neverskid half wood on one
direction and half on the other. Knowing that the two ropessystems are most spreadin
Italy, theforesterwil l plan theuseof suchmobile tower craneskiddinguphill to thehighest
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roadwereprobablyhe will needtoo plana goodplacewereinstalling thetower yarderand
haveenoughspaceto allow piling logs.

Figure 4.1.h:thesmallcable(toweryarder)
skiddingmap

Figure 4.1.i: 3D sceneof mobile cable
systemsskiddingmap

More or lessthe sameevaluation is done for the bigger cable cranes systemswhich are
usuallymountedona sledge.On figure4.1.j feasibleareasarewell linkedto forest roads.

Figure 4.1.j: 3D sceneof sledgeyarders, red
areas are feasible (shadows identify ridges),
yellows hasnot enoughsteepslope

Figure 4.1.k: sledgeyarder and tower
yarder mapsoverlay

A better evaluationof working areascould be doneby using an hydrologicaltool called
watershed which identify the samefalling rain direction on a mountain shoulder and it
helpstheforesterto seemountainedges. In fact thesledgeyarder systemmay work on long
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distances but it cannot go up and down over mountainsasshownon figure 3.5.4.1.l.The
sledgeyarderminimum slopewassetto 20% andthemaximum distance up to 900 m. By
overlaying the results with the tower yarder map (figure 4.1.k) the “no slope” areas
coincide.Thereareonly someareaswhereoneof thetwo systemsis excluded:wheresteep
slope is between 15 and20% canwork only the tower yarderandfarer than300 m where
only the sledgeyardercanwork. Figure 4.1.k showsvery few areasthat arenot reachable
by cablecranessotheroadnetwork could beconsideredasprettygood.

The secondpart of the FOpPmodelmakesfirst a selection of systemsby technical limits
and after the selectionis done by optimizing costs. On the technical selectionall systems
are shownin the output map becausethey are selected by an importancecriterion which
considerssystems on the basisof their presence on the areaand their importance.The
skidding systemsmapsareoverlaidin this order,fi rst tractor, thentower yarder,forwarder,
sledgeyarderandcable-forwarder (figure 4.1.l). Theevaluation of costsby cell is basedon
the productivity and unit costsof systemsand the total amount of yield inside eachgrid
cell. Valuesmay reachveryhighvaluesinside thosestand with high amount of wood,ason
figure4.1.m.It is possible to observethat the evaluation of costs per cell is not so highly
influencedby thechoiceof systemsthanby thestandcuttingvolume.

Figure 4.1.l: the technical systems output
map

Figure 4.1.m: the technical costs
evaluation map

The systemoptimizationpart of the FOpP model usesan algorithm to evaluatesystems
productivities according to the distance betweenthe extraction cell and the nearest forest
road. In fact skidding operations last longer if they are done far from road: the time for
moving both the machine and the carriage increasewith distance. Productivities and
consequentlycosts increaseasshown on figure 4.1.n and4.1.o. In the case of the sledge
yarder, costs are classified into categoriesto highlight the cost gradientand it is also
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possibleto noticehow thestand yield is influencing theresults (inside the light greenarea,
the yield is plannedto be11m3/ha).

Figure4.1.n:thetractor optimal costsmap Figure4.1.o:thesledge yardercost map

Theoptimalskiddingsystemsmap(figure 4.1.p) is obtained by overlaying all optimal costs
systems map andselecting the onewhich has the lower cost. This map canbe compared
with thetechnicalsystemmap(figure 4.1.l or figures3.5.4.2.dand3.5.4.2.h); what is clear
is that thetractordisappearleaving place to moreproductive systemsasthe forwarder. The
choice betweencablecranesystemsdependson the amount of wood inside stands:if the
yield is low, the sledgeyarder is more convenient even better on large areasand big
distances, if the yield is concentratedthe tower yarderis moreproductive andmay work
faster with lower unit costs.Total costs per cell (figure 4.1.q) decrease if comparedto
figure4.1.m,andinside the sameforeststandit is possible to seea sort of gradient where
costsincreasewith thedistancefrom roads.
Costs per cubic meterarehighly influencedby the choiceof skidding systems:on figure
4.1.r costs arecalculatedstarting fromthe technicalcost mapwhile on figure4.1.scostsare
obtained from the optimal costsmap.The results show that optimizedcostsarein general
lower thantechnicalcosts,asonecouldexpect, but theoptimal systemmapis not nearthe
reality becauseit exclude the useof the tractor. The technicalmapgivesbetter support to
the forester who hasto takedecisions evenif sometimesforestenterprisesbuywood during
public auctionsandthe foresterhasnothing to do.
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Figure4.1.p:theoptimalsystemsoutput map Figure4.1.q:theoptimalcostsevaluation
map

Figure 4.1.r: the technical costs per cubic
meter

Figure4.1.s: theoptimizedcostspercubic
meter

The FOpPmodelmay beusedby the foresteras a tool to identify areaswhereto cut trees
with high or low cost,so thathecouldestimate themarginal profit that is calculatedasthe
differencebetweenwood salespriceand operational cost. This consideration couldbedone
for the first yearsof planning anduseddefining cuttingsaccording to the current market
value of wood. In fact it would be convenient to cut and skid wood from placeswhere
operationsareexpensive while thewood valueis high. If cuttings aredoneon easyforested
areasand the wood value will decreasein the future, only expensive areas are left and
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operations could not provide any income.The risk is that yield is not cut for economical
reasonsand theenvironmentalandecological aimsof planningarenotsatisfied.

4.2.ROADS

Theclassification of roads into threediff erentcategorieshelp the manager in planningthe
maintenanceand the improvement of the existing road network. Only by a simple
overlaying of forest standsand roadsinput fi le it is possible to evaluatea sort of road
permeability to truck transport (figure 4.2.a). A good parameter which describes this
permeability is the road density that can be easily calculated dividing the sum of road
lengthsby thesumof forestedarea. Theobtainedvalue in m/hamay becomparedto other
areasor countries. On the Italian Alpine areathe road density variesfrom 15 to 27 m/ha,
but in Austriaor Switzerlandthisvalueis near 40 m/ha.Theroaddensity should beadapted
to the forest functions (productive,protective or tourist) and to the meanterrainslope,in
fact skidding operations on flat terrains are easiestand off-road systemscan reachfarer
distances from road.On steepterrainsmaybe usedcablesystemsthat do not requirehigh
roaddensity,but theyrequireat least a good roaddistribution (parallel roads) andfrequent
and large piling sites.Theseroad structuresare usually too small to let install both the
tower yarderandusea tractoror pile logs for all the working site lasting time. Moreover
they are insufficient for the use of truck-mounted processors (Gebirgsharvester) or for
setting biomassharvestingsiteswhich needplaceto park the chipping machineand the
trailerwhichstoresthematerial.

Figure 4.2.a: theroadpermeability map.
Areasin bluearenot accessible.

Figure 4.2.b: the forest accessibility and its
classification. Areasin redarenot reachable.

The FOpPmodelresults highlight the areasthat arenot reachable by any of the selected
skidding system(figure 4.2.b). This mapis a goodstarting point for planningthe building
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of new roads. A well planned roadshould beuseful for asmuchpossible forest standsand
it should try to reachall theareaif it is a productive forest.Assaidbefore, theroad density
is a goodparameter that should help the foresterin drawinga road track. Using the GIS
softwareit is not easyto evaluatethis value becauseit refersto a specific areaand if this
area is bigger,the obtainedvaluemay change(asshown in figure 4.2.c). A suggestionto
evaluateroaddensity is to considera group of foreststands, for example all standslyingon
the samevalley or on the samemountain shoulder, with the sameexposition or with the
same assessmentalneeds.Then the forester could comparethesegroups and highlight
where new roads are needed(example on figure 4.2.d). Building and construction
parameterswill be set according to the geographyand geology (for examplethe average
slope, the width, the road section,ditchesor other rain catchments)andto the roadtransit
destination (truck, tractor or public transit) andfunctions(forestaccess, wildfire protection
or tourist).

Figure 4.2.c: the roaddensityvary accordingto the sizeof the areaconsidered.On the
left only oneforesttypologyis consideredwith 29.7 m/ha;on the right side a biggerarea
isconsideredhaving33.3 m/ha.

The cuttingamountand the estimated costsmay be used for a roadnetwork analysis.It is
possibleto quantify how muchwood wil l be skidded to eachroadsection in the next ten
years of forestassessmentby creatinga sort of roadcatchmentsareas(similar to theideaof
hydraulic basins). The total amountof wood is summedandcan be showedas on figure
4.2.ewherethesymbolthicknessis increasing togetherwith theamount of wood.This is an
important informationbecausethe forester will havean ideaof how muchspacefor piling
wood will be required and might estimatethe future road transit. Heavy truck traffic
causesthe road surfaceerosion together with rain so, making this analysis,it will be
possible to classify roads by importanceand have a rough estimation of maintenance
needs and costs (KRČ 2006).
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Figure 4.2.d: anexampleon how grouping foreststandandcalculatingroaddensitymay
be helpful to highlight areaswhich needmoreroads. Inside greenandyellow areasthe
roaddensity is 31.9 and 32.1 m/hawhile inside red areas,which are productive forest
with very high stockand plannedyield, the value is only 18 m/ha. Planning new roads
insidethis areashouldbedone.

Figure4.2.e:thewoodandcosts allocation to forestroadsections

Figure4.2.eshowsalsotheaverageskidding costsas labelsof eachroadsection.This value
in strictly connectedto the shape and distribution of road network and can be used to
evaluatetheeffectof a new plannedroad.Moreoverit is a developing ideato usetheFOpP
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model resultsto evaluateand give an objective evaluation of eachnew roadproject inside
the “Feltrina” Mountain Community in Venetoregion. Theideais to give someparameters
that haveto be improved by eachnew project asfor examplethe increaseof roaddensity,
provide accessto severalstands and/or properties and to analyzehow skidding costs are
influenced by introducing a new road.This is possible running the model two times, the
first beforeandthesecondafter theintroduction of thenewroad.Result maps of costswill
change showing probably decreasingcosts (figure 4.2.f and 4.2.g). The decreasingof
skiddingcostsmeansthat thestandingwoodvaluewill increase(if themarket sellingvalue
is fixed) andit will bepossibleto estimate the total gain that canbesubtractedby theroad
building costs or usedby theRegion asparameterto judgetheprojectandprovide funds.

Table 4.2.a: influence of building a
new road: comparingskidding costs
and estimation of total gain (wood
valueincrement)
Stand
n°

Before
€/m3

After
€/m3

Difference
by stand
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

Figure4.2.f: resultsbefore thenewroadbuilding

Total gain: 6165.4

Figure 4.2.g: the evaluation of skidding costs (labels)and standing wood value after
building a newforestroad (inside thecircle).
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5. DISCUSSIONS

5.1.ECOLOGICAL AND FORESTHARVESTING PLANNING

The forest assessment is required in Italy for all the public properties and it is
recommendedinside all other private and associatedproperties. The aim of planninghas
two faces, thefirst is to guaranteea sustainable and environmentally sound management of
forests,the secondis to allow the owner to have an economical income by cutting and
selling wood. Forestshave several functions, but until 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 estimate their value)asfor
example the function of carbon sink, the tourist (including hunting and harvestingsmall
fruits) and maintainingbiodiversityfunctions.By Europeanlaw, someforestsareimportant
for thehabitatandthespecies(mostly vegetablesand birds)which areliving inside.Other
sensitive forestsare those locatedon wet areasor near the water catchmentsfor human
purposes.Planning should take count of all functions and provide “instructions” for the
usersto maintainforestsalways at thesamelevel without provokingdamagesor decreasing
of value (HEINIM ANN 1994). The FOpP model is a helpful tool to help the forester in
evaluatingthe accessibil ity of forestandmake easierthe definition of the forest function.
Themodel canbeusedalsoto decide if a foreststandhasto becut or if it hasnot enough
wood stock to make operationseconomical. Money are the main factor to make the
planning operative.Insideproductiveforests, theplannedyield should bewell quantified to
makehappy both the owner who sells the wood andthe forestenterprisewhich cut it and
sell it to sawmills. Each stepof thesellingchain add somevalueto the material, in thecase
of the enterprisetheincomeis strictly connectedto the operationalcosts.Themodelresults
maps may help the forester estimatingthe averageskidding costs insideeachforeststand
and sodefiningthestanding valueof wood (by subtracting operationalcostsfrom thewood
market value).Insidestands with protection or tourist functions, cuttings areusuallydone
on small areasandsmall quantities, so theeconomic gain is usually negative. This kind of
management is usuallyfundedby theRegionthroughthe forest servicesor should bedone
by inhabitantsfor their civil rights(a yearly amountof woodfor heating purposes).
A simplemethodto determine the minimumsizeof plannedyield wasdefined(LUBELLO et

al. 2007). It is basedon a well know economicprocedure called break-even analysis
(POLLI NI 1983) which identify the value where incomeand fixed costs are equal.In the
forestrysector fixed costscanbe divided into two categories,the machine fixed costsand
the administrative costs(including taxes for buying wood and working site relatedcosts
like translocation or mountingand dismounting). From the algebraicpoint of view, the
condition to determine thebreak-evenis:

TOTfCPimp =⋅ )(L min 
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or
Pimp

C
L TOTf=min (a

where: Lmin. = minimum yield size(m3)
CfTOT = total fixedcosts (€)
Pimp = priceat roadside(€/m3) 

But the total fixed costsare divided into machine fixed costs and administrative costs:
machinecostsareusually referredto the unit of wood (m3) while the administrativecosts
arenot, so the(a) formulahasto bechangedinto:
Lmin · Pimp = CfTOT = CfFOR + (Lmin · CfFIN) , movingon thefirst part:
(Lmin · Pimp) - (Lmin · CfFIN) = CfFOR , combiningLmin:
Lmin · (Pimp – CfFIN) = CfFOR =>

UN

FOR

R

Cf
L =min (b 

where: CfFOR = forestmachinesfixed costs (€)
CfFIN = administrativefixed costs(€/m3)
RUN = residualincome comingfrom: Pimp – CfFIN (€/m3)

The obtainedvalueis the minimum amount of wood that allow the enterprise to coverall
fixed costs,but somemore money are needed to makecutting interesting. This is called
enterpriseincome(udi) andit is calculatedasa percentageof thewoodvalue at roadside.
Theforesterhasto preparea table (table 5.1.a)of coststo determinetheminimumyield. He
needs the standingwood value, the value at road side, machine’s unit costs (which are
plannedto be used,considering for example the FOpP output maps)and an estimated
enterprise income. By subtracting all cost voices from the road side wood value, the
residualincomeis obtained(RUN) andtotal fixedcostsaredividedby it.

Table 5.1.a: exampleof costelementsandcalculation of theminimum yield
costs unit formula

Roadsidewoodvalue 80 €/m3 Pimp
Standingprice 30 €/m3 mac
Cuttingoperations 0.14 €/m3 tag(e.g.chainsaw)
Skiddingoperations 0.59 €/m3 esb(e.g. towercrane)
Transport 2.08 €/m3 lav (e.g. truck)
Enterpriseincome 24 €/m3 udi = 30%· Pimp
Residualincome 23.19 €/m3 RUN = Pimp-mac-tag-esb-lav-udi
Total fixed costs 2400 € CfFOR

Minimum yield 103 m3 Lmin = CfFOR /RUN

It is possibleto draw on a graphhow the minimum yield valueschangeby modifying the
input parameters. If the wood value at road side is fixed, the minimum yield increase
togetherwith thestanding woodvalue.If theenterpriseincomeis decreasing, thestanding
valuemay increase(figure 5.1.a) andvice versa.The forester mayuseestimated values or
known marketprices.This method is alsousefulfor theentrepreneurwho participateto an
auctionbecause,on thebasisof theincomehewants to reach,he may knowwhichstanding



171

valuehasto offer. For example, paying a standingprice of 49 € and estimating a 15% of 
enterprisegain,on thebaseof figure 5.1.a, theminimum size of cutting should be182m3.
If the cutting is alreadyfixedto 1000m3 and theentrepreneurwants anincomeof 35%,his
offer shouldnotbemore than40€.
By fixing the enterprise income, the minimum yield decreasewith the increasingof
standingandroadside value(figure 5.1.b). Fromthegraph it is possible to seethatbuying
standing wood at 40 €/m3 and selling it at about70 €/m3, the minimum yield should be at
least 1000 m3. On the opposite,knowing that 500 m3 have beenboughtat 35 €/m3 the
selling priceshouldbemorethan68€/m3.
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Figure 5.1.a:the variationof yield according to
standingvalueandenterpriseincome.

Figure 5.1.b: the variation of yield
according to road side and standing
value.

Theminimum yield is influencedby themachine’s unit costs but alsoby theadministrative
fixed costs. In particular the working site costs may have important variations when
considering a simple tractor or the translocation of huge machines like harvester and
forwarder.These machines requirea special transport with specialtrucks which require a
driving permission becauseof the outsizedimensions. Even themounting anddismounting
operations for a cable systemsmay take several days and all these costs should be
considered.Moreover, when the working site is far from home, also the costsfor sleeping
and eating of workersshould beconsidered.
Table 5.1.b shows the yield calculation for different util ization systems: where
administrativecosts arehigh, eventheyield is high becausemorewood is required to cover
all fixed costs. It is possibleto notice that the yield amount increasewith the increasing of
the mechanizationlevel. The chipper evaluation considers a low standing price because
such operations are done on first thinnings and are usually funded by the Region; the
enterpriseincomeof 15%guarantees10€ income per eachtonproduced.
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Table 5.1.b: yield calculation for differentutil ization systems.

System
Standing

value
Machines

Fixedcosts
Enterprise

income
Admin.
costs

Roadside
value

Yield

€/m3
€/m3 % € €/m3 m3

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
processedat roadside

35 6,04 25 3000 80 215

Harvester+ forwarder 35 12,13 25 3800 80 483
Full treewith cablecraneand
all chippedat roadside

9 11,05 15 3000 32 543

€/t €/t % € €/t t 
Firewoodfrom coppice
with p-hdslides

25 11,74 25 1500 120 26

After generalplanning, and before starting the working site, it is important to make a
precise planning. This means to identify in which period of the year cuttings have to be
done to preventsoil and tree damages or animals disturb, but also designoperations in
order to highlight theneedof maintain forestroadsor re-opena skidtrail. Thereareseveral
elementsthatshouldbeconsidered,for example:
A) thetranslocation of machinesto theworking site andtheneedof space.A sledgeyarder
would needthehelpof a helicopterwhenthere areno roads or a tower crane would needa
big siteto beinstalledandhaveenoughspacefor pilingwood
B) the time to reachthe working siteandthe time operatorsmayneed to reachthe cutting
areainsideforest(for example it wasmeasuredfor a sledgeyarder site,wherethemachine
was installed uphill and the skidding direction was downhill to the unique road, that the
yarderoperator needed55 minutes walking to reachthe yardersited 400 m uphill). This
time is anonproductive timeand mustbeconsideredestimating thesiteoperationduration.
C) thepossibility of having rainydaysor respecttheworkersright of askingsomehours or
daysof resting.
D) theoperatingsitethat couldberisky for steepslopeor instable ground.
E) the definition of skiddingsystemandthe width of cablecorridor. For examplethe full
tree or the short wood systemmay be done according to the site characteristics. The FT
extraction needa big site where piling and working wood (delimbing andbucking) by the
useof chainsawor processor.TheSWSis helpful whenthereis small placeat roadside or
whenworkingwith firewood. It wasdemonstrated(ZANONI 2007) on thesamecorridor that
skidding piecesof wood (2 m long) tied togetherinto 1 ton logs makesin average1.2
tons/hour moreproductive the cable system(figure 5.1.c). Obviously this operation is time
consuming andcutting may last some daysmore. It could be a goodsolution if the piling
site is small or if at the sametime anothercrew is occupied in preparingthe corridor and
mountingtheline.
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Figure 5.1.c: the time influence of full tree and SWS
extractionsystemon the samecable line

Figure 5.1.d: a pictureof
thecorridor

A projectof TrentoProvince studied costs linked to fi rewood extraction. Results showed
that times, productivitiesand costsare strictly connectedto the working site geography,
neverthelessa list price was built making averagesof severalstudied cable cranes(table
5.1.c). The voice “other costs” can be quite high if all points mentioned above are not
favorable;the skidding costsare lower if comparing private enterprises and the public
service(forestservices have their own crew andmachines)due to lower interestratesand
fixed costs. So the forest service may work on more difficul t terrain with lower costs,
providing inhabitants of their firewood rights and preventing the abandonmentof forests
and thewood import from otherEuropeancountries.

Table 5.1.c:Operating costsand timesfor cablesystemsin Trento province.

Operation
Public service

costs
Privateenterprise

costs
Unit

Cuttings 12.16 12.16 €/t 
Tied firewood(2 m x 1 ton) 13.39 13.39 €/t 

Mounting sledgeyarder 144 144 Operator hours
Mounting toweryarder 48 48 Operator hours

Dismountingsledgeyarder 85 85 Operatorhours
Dismounting toweryarder 30 30 Operatorhours
Skiddingoperationswith

sledgeyarder
20.84 24.03 €/t 

Skiddingoperationswith
tower yarder

12.86 17.38 €/t 

Othercosts Up to 35 Up to 35 €/t 
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5.2.POSSIBLE UPDATES

The nature and real life in generalis too muchcomplicate to be well represented by any
model, so even if the Forest Operation Planning model is quite intricate and considers
different parameters,it is not perfectandmightbeimprovedin thefuture.
One of the most interestingthings that are being developing is the application of a new
integrated system called LIDAR which usesboth GPSpositioning and Laserscanner to
gatherterrain information (figure 5.2.a). The system is capable to catchseveralpoints on
the same verticalposition andsave their xyz values;the points densityis usually more than
1 per squaremeter,but could be more,with the only limitation of the file size that canbe
handledby GIS systems(the kriging geostatistical tool hassome problemsworking with
files with morethanonemillion points) andfor its storageplacesize (the Trento province
file is about 150Gigabites).Points maybedividedinto terrainandvegetation points(figure
5.2.b) and interpolatedobtaining a very precise Digital Terrain Model (the precisioncan
reach0.2-0.5 m, figure 5.2.c) or a sort of vegetation canopy (figure 5.2.d). This precise
DEM could be usedin the future running the model on small areas.The Lidar data could
providealso a moreprecise rasterof terrain roughnessand/orknowing theforesttypologies
and merginginformation with the Lidar canopy (which provide density andheight of trees)
amorepreciserasterof stockand yield could beobtained.

The FOpPmodelworks on a cell-by-cell basis, but one lack of the input files wasthat all
informationwerereferredto the foreststand(figure 5.2.e). Standmaybe very big, several
hectaressized,andthe datacould be so quite rough. In the future the input datacould be
gatheredthrough ad hoc surveys or defining fixed small surveys areaswere terrain
classification and standing tree information could be collected. Using suchprecise input
rasters, the model shouldrun better and provide more precise results. Figure 5.2.f shows
how the input fi les should be created.These information could be gatheredby the forester
when he makesthe forest planning and could be updatesevery ten years.The forester
alreadydo surveys on plot areasandwe think that making morepreciseobservationsand
saving this datashould not be so highly time consumingif compared to the quality of
informationobtained.
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Figure5.2.a:theLIDAR systemfunctioning Figure5.2.b:LIDAR output points

Figure 5.2.c: comparing DEM with 10 m, 5 m, 1m and 0.5 m precision. Increasing
precisionit is possibleto seeclearlyforestroadsandmicro-scalegeography(TAROLLI and
DALLA FONTANA 2007).

Figure 5.2.d:a 3D sceneof terrainandvegetation from Lidar data(TAROLLI and DALLA

FONTANA 2007,CAVALLI et al. 2007).
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Figure 5.2.e: anexample of terrain
roughness or stock information,
onevaluepereachforeststand

Figure5.2.f: an exampleon how placing survey points
(left) and interpolatedata for a precisestockraster fil e
(on theright)

A more preciseevaluation of terraingradeability would include the soil moisture and the
Cone index measurement.The ConeIndex representthe soil bearingcapacityin kPaand
would bea very goodparameterto evaluatetheaccessibility of forestfor different off -road
systems. Many referencesshow correlations betweenthe Cone Index and the maximum
slope that machinescanclimb without slippage. These formulascould be included inside
themodelandcalculategradeability exactly without matricesor complex rules.
The soil moisture is the watercontent of soil which influencesthe off-groundmovement
and thesoil bearingcapacity. It is commonthatonwet soils thefrequentmachinespassages
createmuddyconditions and consequent soil compaction with damagesthat can be seen
even after severalyears.A goodimplementation of themodel would add the possibility to
chosethe periodof the year or a monthly evaluation of forestaccessibilit y. Dataasked to
the usercouldbeno more thantheaverage monthly rain frequency. This informationcould
be referred to the soil typeswhich is known they havedifferent attitudeto maintainwater
or not (gravelor well structured soils).
Another importantaspectthatherewasnot consideredis thepresenceof streamsandrivers.
In a future versionof the model they should be consideredas limi ting factors for the off-
groundvehicles.In fact they are a physicalobstacle(if they arelarge enough) andcannot
be crossedby machines,moreovernear their edgesthe soil moisture is higher or on flat
terrain it is frequentto find marshesor peat lands.A shapefileof river shouldbe askedto
the useras input fil e andthe modelcouldmakea buffer of it and assignto this areaa very
low gradeability. Then rivers could be used as barriers when the model run the path
distanceallocation but this will limit alsothe cablesystemsandsomesolutions shouldbe
foundto solvenewprogrammingproblems.
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These are the main possible implementation of the model, but each of them require new
information to the userand complicate the model functioning. A compromiseshould be
done,if we want the model is usedit should not be too muchcomplicate and require too
manyinputsbecausetheuserwil l notunderstandits functioningand will not founddata,on
the other sidethe model results wil l not be perfect,but shouldbe interpret andusedasan
objective support (this is the aim of Decision Support Models!) for taking operational
decisions.
The Model Builder was a good tool even for building complicate models because its
schematic window makes clear the model structure and when testing it is very easyto
understandwhere areerrors or which toolshavenot functionedproperly.After have tested
the model several times we think that it should be translated into a more stable
programminglanguageastheVisual Basic for Applicationsthat inside the ArcGis software
usesthe so call ArcObjects.The VBA language is not so difficult and allow to createa
more interactive user window and outputsor reports with predefinedlegends (colors and
labels)which makeresultsmore clearandeasyto understandandapply.

5.3.PRACTICAL PLANNING APPLICATIONS/EXPERIENCES

Planning is importantwhen forest enterprises or land owner associations want to ask for
public funds. The Rural Developing Plans providemoneyaccording to specificapproved
actions.Oneof theactionsis for examplethetechnical developmentandskill improvement
of forestenterprises.Sonewmachineslike harvestersor forwardersor processorsand cable
cranes are financed,but their number should be the result of a studied environmental
planning andpolitic strategies.It should be take in countfor examplethe yearly available
cutting amountthat is necessaryfor the high level forest mechanization to get machines
productive andthework economically feasible. Forestassociations (both of landowneror
enterprises) may assure work continuity and more attention to safety and teachingof
workers.A careful regional planning should provide funds for a well defined number of
machinesto make them work at higher level and correctly (for the operator safety),this
wouldbethebasisfor asocial andeconomicsustainabledevelopment.
On thenexttwo paragraphs two typesof planning arepresented.
The first caseis the estimation of the right numberof harvester that could be foundedby
regional politics. The GIS software is used here just to run simple algorithms on a
geographicalarea defining a working basin for each machine, optimizing translocation
distances andtotal workingsitecosts.
Thesecondis theappli cationof theFOpPmodelonasub-regionalscale. The modelis used
to estimatecuttingandskidding costs,then the wood amount is allocated to roadsideand
transportationcostto the nearestmill arecalculated.The study wasperformedto evaluate
strengthandweaknessof wood chainbetweenStateboundaries.
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5.3.1. A simple regional-scale application

The Veneto region rural development plan for the next years(2007-2013) defines some
actions to developthe forestwork (AA.VV. 2007). The axis n. 1 actions provide fundsto
forestenterprisesto buy new technological machineswith the aim of innovate and exploit
the woodchain.It is clear thatnot all theenterprisesmay buy anharvester or a forwarder,
becausetherewill not be enough woodto makethemwork properlyandprobably theywill
stop with an evidentpublic money wasting. This is the reason for such a regionalscale
planning.
As input datawe usedthe registereddataof all cuttings inside theVeneto region(thankto
the DirezioneForesteed Economia Montanaof Venetoregion) during the years 2004and
2005inside bothprivateandpubli c properties. All information havebeengeoreferencedfor
the next calculationandanalysis(figure 5.3.1.a). In the year2005, 283246m3 havebeen
cut insidethe region,64%on privateassessedpropertiesand36%inside private properties.
The average amount per working site is 184 m3 for public and 141 m3 for private
properties,but the medianvalue is lessthan 40, that it meansthat inside more than half
working sitesno more than40 m3 arecut.This isa very low valuethatcould not justify the
useof high technology machines,and thecostsof their translocation indeed.
The present study did not take care of the harvesting head technical limits, like the
maximum diameterof debarkingknives,but consideredonly the standslopeasparameter
limiting the machineoff -road movement. We usedthe slope limit at 35% as reported by
many authors (HEINIM ANN et al. 1998; STAMPFER 1999; SPINELLI and STAMPFER 2002).
This is not the upper limit for the harvestermobility, but it is a value that should not
influence its working productivity. With the spatial analyst tool in ArcGIS we createa
slope map and we did a zonal statistics to quantify how much of a stand surfacecan be
reachedby the machine. The relation betweenaveragestand slope and reachable area is
shown on graph(figure 5.3.1.b)(EMER 2005). Theobtainedvalueswere multiplied by the
cutting volumeto evaluate the“reachablewood”, calledhereMu.
Speakingwith entrepreneurs (CIECH 2006; DECOL 2006) we defined that 400 m3 is the
minimum woodamountwhich shouldbecut to coverall variable andtranslocationcostsof
the harvester (M400). We selectedthe working siteswith more than 400 m3 and then we
decidedthat at least2/3 of working siteswil l be cut with the traditional methods (small
enterprises),sowe randomlyreducedthenumberof possible working sitesaccording to the
formula:

Mu = 1/3 * ΣM400 (1)
After thisevaluationtheaverageamount of woodwas34054 m3, the14%of total cuttings.
In the NorthernEurope, it is usually known that the economical yearly cut wood for an
harvester would beat least9000-10000 m3. Thesamewould not bepossible in theAlpine
mountainssowe definedtheupperlimit at 6000m3 peryear.
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Figure 5.3.1.a: all cuttings inside
Venetoregion in the 2004 and 2005
years

Figure 5.3.1.b: increasing averagestandslope,
themachine reachableareadecreases.

With thehelpof GIS tools we started to analyse theworking sitesdistribution first thinking
to only onemachineworking and continuing increasing thenumberof machinesup to five
insideall theregion. For eachstepwe calculatedthesumof distancesbetweenthecentreof
theareaandall workingsiteswith theformula:

Da = Σ(2*Di* f) (2)

where Da = sumof distances(km)
2*Di = distancebetweeneachworkingsite andthecentreof thearea
f = 1.6, conversionfactor to transform straightline distances into real distances
(sort of roadcurvy factor)

and alsothetotalamount of wood insideeacharea:

Ma = ΣMi400 (3)

where Ma = cutting woodsum(m3)
Mi400 = workingsiteamountwith morethan400m3

Theworking areaswerelocatedtaking carethat thesum of woodamount would besimilar
betweenthem.Thesameprocedure wasdone considering the two yearstogetherandafter
this makinganaverage.
Otherusefulinformation werecalculatedas:
- thenumberof daysnecessaryto cut all thewood amount insideeacharea:

Gef = Ma / Phv (4)
where Phv = averageharvesterproductivity, about80 m3/day

- theaveragedistancebetweenall sitesand thecentreof theareas:

Dm= Da / c (5)
wherec = numberof cuttingsites
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- theaverageyield (m3):
Rm= Ma / c (6)

After theareas optimization, somecostswerecalculatedasthe:averagenetgain Gn (€/m3),
theaveragenetgainperworking site(€) and theyearlygainpereacharea(€). 
Theaveragenetgain(Gn) is obtainedwith thefollowingformula:

Gn = V – (Cab + Ces + Cmc + Cop + Cp) (7)

where: V = averagewood marketvalueat roadside(about 80 €/m3)
Cab = felling costs using the harvester, estimated17 €/m3 as calculatedwith the
adaptedMIYATA (1980)andBRINKER et al. (2002)methods.
Ces = skiddingcostsusingforwarder, estimated6 €/m3

Cmc = translocationcosts(€/m3), obtainedwith theformula:

Cmc = (Dm· i) / Rm (8)

where i = unit costsfor movingmachine with specialtransport truck.Thecosts vary
from 1.3to 20€/km on thebasisof thedriving distances.

Cop = operatorsliving costs(€/m3). Thinking a daily cost (g) of about35 €, it is
calculated as:

Cop = g / (Ma / Gef) = (g*Gef) / Ma (9)

Cp = averagestandingwoodvalue,about 30€/m3

The average gain per working site (Gc, €) allows to verify if the working sites
translocationscosts arehigherthanthetotal gain(theconvenience).Theusedformulais:

Gc = Gn· Rm (10)

Theyearlygain is calculatedconsidering if thenumberof necessaryworkingdays (Gef, see
formula n. 4) are more or lessthan the estimated machine working days,here200. The
numberof workingsiteswill beconsequentlyreducedto adaptit to harvesterproductivity:

Ga = Gc*(c / (Gef / 200))= (Gc*c*200)/ Gef (11)

Results show thatthemaximum number of machineshould not exceedfive becausethereis
not enough cuttingwood. The yield distribution is spreadall over theregional mountainous
area,while thesiteamount is highly variableandinfluencethesizeof workingareas(figure
5.3.1.c. On table5.3.1.a, results about cutting volumesareshown. The distribution andthe
woodamount persite madequitedifficul t theoptimization of thedifferent areas.
We think thattheoptimalnumberof machinesis four.
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Figure5.3.1.c:theoptimal areasandworkingsitesdistribution.

Table 5.3.1.a:optimaldistribution of woodcutting amount(m3).
Area1 Area2 Area3 Area4 Area5

1 area/machine
2004 27884 - - - -
2005 40056 - - - -
2004-2005 34054 - - - -
2 areas/machines
2004 12036 15848 - - -
2005 14387 25670 - - -
2004-2005 13296 32626 - - -
3 areas/machines
2004 10471 13762 3820 - -
2005 22001 9973 8083 - -
2004-2005 10939 11262 11853 - -
4 areas/machines
2004 9142 3820 13361 1561 -
2005 12737 8083 9577 9659 -
2004-2005 10939 7449 7433 8233 -
5 areas/machines
2004-2005 10939 5705 11458 4286 1665

Thetable5.3.1.bshowsthe averagetranslocation costs inside eacharea.Knowing thatthey
consideralso theoperators daily costs,we shouldsaythattheyarequite low. Increasing the
numberaf working areas,the average distancedecreaseandconsequently costsdecrease.
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Four areasmake averagedistanceslower than 60 km, this meansthat the operatorsmight
comeback homeeveryday spendingnomorethanonehour.

Table 5.3.1.b: the translocation costs according to the number of working areas. The
averagedistanceis shownbetweenparenthesis.

Area1 Area2 Area 3 Area4 Area5
1 area/machine
2004 1,4 - - - -
Distanzamedia (120) - - - -
2005 1,3 - - - -

(144) - - - -
2004-2005 1,4 - - - -

(133) - - - -
2 areas/machines
2004 1,0 0,8 - - -

(75) (88) - - -
2005 1,1 0,9 - - -

(85) (92) - - -
2004-2005 1,0 0,9 - - -

(82) (91) - - -
3 areas/machines
2004 0,6 0,5 0,8 - -

(71) (48) (63) - -
2005 0,8 0,4 1,1 - -

(80) (43) (63) - -
2004-2005 0,7 0,5 0,9 - -

(76) (45) (63) - -
4 areas/machines
2004 0,4 0,8 0,3 0,2 -

(40) (45) (32) (55)
2005 0,4 0,7 0,3 1,1 -

(45) (62) (30) (28)
2004-2005 0,4 0,8 0,3 0,3 -

(43) (56) (32) (36) -
5 areas/machines
2004-2005 0,4 0,3 0,3 0,4 0,8

(42) (33) (30) (31) (8)

As final resultswe calculated total costsfor the four areashypothesis. Considering the
averageprice of wood about 80 euros, the net gain per cubic meter(Gc) is alwayshigher
than 24 euros, a 30% that we consider very good.The distribution of yield determine a
negative year insidearea4, but the averagedistribution (years2004-2005) allow to four
machinesaneconomically working. In fact, the averageworking site gain is between4000
and 10000 euroswhile the average yearly gain is between47000 and180000 euros. This
meansthat in theworstcasetheenterprisewill cover thevalueof a newmachinein 5 or 6
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years, that become 3 or 4 if asking the regional funds. Considering that an harvester,
accordingto its use,hasanaveragemachine life of about 4-6 years,andafter this period it
hasstill a quite high salvagevalue, the number of four machinesseemsto be optimal to
allow asustainabletechnology improvement.

Table 5.3.1.c:costsevaluationin thecaseof four working harvesters
year area Total costs Gc Gn Ga

Area1 54,7 25,3 4188 45591
Area2 55,1 24,9 10451 165497
Area3 54,7 25,3 9321 129765

2005

Area4 54,5 25,5 -4952 -43743
Area1 54,7 25,3 4737 52512
Area2 55,0 25,0 11050 215980
Area3 54,6 25,4 3883 41850

2004

Area4 55,4 24,6 10647 254699
Area1 54,7 25,3 4422 48513
Area2 55,1 24,9 10812 184090
Area3 54,6 25,4 6796 81561

average
2004-2005

Area4 54,6 25,4 4328 47319

5.3.2. An interregional approach: ITA-SLO cooperation

Theaim of theresearch was to investigate thedifferencebetween regionalandinterregional
wood chains.This was possibleby determining forest operation and wood transporting
rough costsinside Italian and Slovenianstudy area(figure 5.3.2.a). FOpPmodel results
wereusedin order to identify common areaswherewood supply canbe sortedout at the
sameeffectivecost from both Italian andSlovenianforest enterprises.
After the evaluationof skiddingsystemsandtheir costs (figure 5.3.2.b),thevaluesandthe
harvestable wood neededto be shifted (or allocated) to the nearestroad section for the
evaluationof roadtransportation to mills.
In order to generatewood sources along road network, from each forest road segment
(public and forest) a road catchment area was created.Catchment areasrepresent areas
whereeach GRID cell of a continuous surfaceis allocatedto the sameroad segment: it
consiststhus in “moving harvestable wood amount” from eachGRID cell to the closest
road segmentby an Euclidean Allocation (ESRI 2007). Roadsegments presentedthus a
sum of harvestablewood amount (m3/10y) and its averageforest operations unit cost:
cutting, skidding and administrationcost as calculated by S-DSS models. In order to
distinguishtransportation from forest to public roadandtransportation alongpublic roadto
terminals(sawmill, heating plant, fibre board mill), a further allocation wasdoneonly for
woodallocatedalongforestroads.This secondproceduremovedwoodfrom forestroadsto
thenearest crossingpoint wherea forestroadcrosses public road(figure5.3.2.c).
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Figure5.3.2.a: Study area liesoverthebordersbetween Italy andSlovenia

Figure5.3.2.b: skiddingsystemsoutput map
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Figure5.3.2.c: determiningsourcepointsvaluesprocedure.

Transportinganalysis
Transporting analysiswas basedon a networking methodology. Network is a system
throughwhich distribution and transportationof a genericgood occurs.It canbemodelled
as a one-dimensionalnon-planar graphor geometric network composedby features, where
networkconnectivity is based on geometric coincidence.Themainpurposeof this research
approach was to evaluate wood transporting costs by a real road network distance
optimization. The analysisis thus basedon the spatial distribution of wood sources and
sinks (terminals)alongroadnetwork.
Transporting analysisconsisted in two analysesaccording to the allocation procedure
applied. First calculation consistedon evaluating wood transporting from forest road to
road network crossing points by analysing results on distance allocation results.
Consequentlya second calculation was sorted out on transporting wood from sources
(crossing point between forest roads and public roads and allocation points along public
road)to terminals(sinks) by network analysis.
Accordingto GIS-basedresultsconcerning the allocated wood from forestroadsto public
roads, the straight line distancebetweenforest road catchments site and public road
crossing point was as average 607 m for Slovenian areaand 561 m for Italian area(one
way). To define a close to real transportation distance,a coefficient basedon the rate
betweenaverageslopeof forestareaand maximumaverage slopeparameterfor forestroad
(fixed in 12%) was considered(BERNETTI and FAGARAZZI 2003). Therefore average
transportationdistanceof woodalongforestroadsto sourceswere:for Slovenianarea1.81
km (oneway) andfor Italian area1.71km (oneway).
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In order to evaluate forest road transporting to main road sources, cost of 0.90 €/km per 
cubic meter(two ways)wasconsideredin allocation analysis from forest to main road.At
this stagewood transportation is doneby tractor and trailer and then from public roadside
to terminals by truck and trailer combination. Same costs were considered for both
countries. In this study, transportation of 6 m lengthlogsby truck andtrailer wassupposed.
The maximum payload considered was 40 t (20 t for truck and 20 t for trailer)
corresponding to 54 m3 of timber (with a wood density of 930 kg/m3 - averagevalue for
different broadleaveswood at 50% of moisture content). According to some studies
(SPINELLI et al. 2007; GRONALT and RAUCH 2007), a cost index of 0.25 €/km per cubic 
meter was considered. Distance between each source and sink was calculatedby a
networking analysis(GRIGOLATO et al. 2005).Thereforeeachsourcewascharacterizedby
transporting distanceoptimisedby the shortestway according to roadnetwork results. For
eachsource, thetotal amountof harvestablewood anditsaverage supply costwasset.

Woodflow analysis:definingscenarios
Two scenarios were defined in order to evaluate wood flow betweenItaly and Slovenia.
The first scenario(SA) aims to consider costs andwood flows asconstrained at regional
scale: wood flow of both countrieswithin thecountry borders.Secondscenario(SB) aims
to showwood flow over countriesborders. In order to simplify theanalysis, two terminals
wereconsidered:oneon Italian side and the otheron Slovenian side. In SB scenario wood
can indistinctly flow on bothterminals(supply points for wood). Thetwo sinks correspond
to two mainwoodindustrialdistricts insidethestudyarea.
Scenarios(SA and SB) presentresults concerningthe total cutting volume availablethat
could besupplied(m3) andits supply cost (€/m3).
In theSB case study,woodflow cansupply both terminals.Total amount andaverage cost
supplying wood to Italian or Slovenian terminal were calculated with excel spreadsheet
calculationsonmatricesobtainedby a roadnetworkingGISbasedanalysis.

Regionalscale (SA)
Accordingto FOpPforestoperations results (harvestable amount and cost), allocationand
transportationcostswereaddedin order to define the total costof wood flow at regional
scale. A GIS-based network analysis defined the amount and supply cost of wood
accordingto the distancebetween the samewood sourcesandsinks. On table 5.3.2.a and
figure 5.3.2.d, resultsof regional scaleflow are reported for both terminals investigated.
Results concern10 yearsscheduled forest planning and distanceclass is related to the
supplydistance(oneway).Transportation costincludestwo ways. Results at regional scale
areshowedonmap(figure5.3.2.e). Supplycosts areidentified at wood sourceslocation.
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Table 5.3.2.a: constraintof woodflow at regional scale

Figure 5.3.2.d: supply cost in relation to distance(two way) from sinks (constrained
woodflow at regionalscale)

ITA Distance Sources Volume
Accumulated

volume
Forest

operation Transporting TOTAL

km n° m3 m3
€/m3

€/m3
€/m3

<10 58 175196 175196 26.60 4.9 31.5

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 1 016086 28.40 11.9 40.3

40-50 45 233821 1 249907 26.78 14.3 41.1

50-60 19 180261 1 430168 28.10 16.6 44.7

> 60 1 55 974 1 486 142 32.96 18.5 51.5

m3
€/m3 - €/m3

TOTAL 1 486142 AVERAGE 28.11 - 39.88

SLO Distance Sources Volume
Accumulated

volume
Forest

operation
Transporting TOTAL

km n° m3 m3
€/m3

€/m3
€/m3

10 39 67 951 67 951 27.81 4.8 32.6

10-20 40 48 016 115967 18.66 7.4 26.0

20-30 72 114311 230278 20.37 9.8 30.2

30-40 120 200878 431156 22.43 11.9 34.3

40-50 69 126163 557319 25.02 14.8 39.8

50-60 12 3 912 561231 24.42 16.2 40.6

>60 0 - 561231 - - -

m3
€/m3 - €/m3

TOTAL 561 231 AVERAGE 22.32 - 33.92
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Figure5.3.2.e: spatial distributionof woodsourcesandits supply cost (constrainedwood
flow at regionalscale)

Largescale(SB)
Large scalewood flow analysissupposedthat terminals can be supplied from all sinks of
thearea,without considering borders.
As it is shown on figure 5.3.2.ffor thespecific case study on inter-regionalsupplyanalysis,
Italian terminal is morecost-efficient when it is supplied by wood source over 30 km. On
the other side, Slovenian terminal is more cost-efficient when it is supplied from sources
within 30km.
On figure 5.3.2.g, map showsan inter-regional supply area,where wood sources have
approximatelya correspondingsupply costfor both terminals: the supply basin presentsan
area of 20000 ha, with an available cutting volume of 690000 m3/10y and a maximum
differenceonsupplycostbetweenthetwo terminals of ± 2 €/m3.
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Results overtheinter-regional supply basin evidencethatSlovenian terminal, evenif it has
a lower efficiency in long distancesupply over Italian area (figure 5.3.2.f), can have
advantageby increasingits intereston Italian wood availability. Inside the inter-regional
basin area,as it is reported on table 5.3.2.b, Slovenian sourcesgenerallyshow a higher
supply cost but a lower forestoperation cost than Italian sources. Slovenianterminal can
find advantageof this situation expanding the supply area over Italian boundaries.
Therefore,Slovenianterminal canpotentially takeadvantageincreasing supply amount of
572000 m3/10y. On the other side, Italian terminal could potentially take advantage of
118000m3/10y comingfrom Slovenianside. Transportation costhavean influencebetween
24 and32% on total cost: this meansthat if we want to try reducing wood cost we haveto
intervene in cutting and skidding operations. One solution could be introducing new
technology with higher productivit y or cutting more wood per unit areawhereforesthas
prevailing productivefunction.

Figure5.3.2.f: supplycostin relation to distance(two way) from sinksfor wood flow at
inter-regional scale

For this stageof development the resultsshowed that theapproachhasbeensuccessful: as
it wasexpectedthescenariowhich includesregionsin bothcountriesshowedbetter results.
Theprocedureis almost suitablefor practical use, wherespecificrecommendationsshould
be presented to the stakeholders on both sidesof the state border. Models showedgood
flexibility andreadinessfor practicaluseevenif somegapsandpits havebeendiscovered
(seefor example§ 3.7.2.2).
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Figure5.3.2.g: supply basin resulting asinter-regional supply area by considering
maximumdifferenceon supply costbetweenthetwo terminalsof ± 2 €/m3

Table 5.3.2.b: Source points located inside the interregionaleffective-cost area analysis
accordingto their locationanddestinationoverborders

DISTANCE COST
WOOD
FLOW

Forest
operations

Allocation +
transport

Total

FROM TO average maximum minimum average average average

sources terminals km km km €/m3
€/m3

€/m3 m3/10y

ITA ITA 22 46 10 27.67 8.72 36.38 572000

ITA SLO 27 68 10 27.67 9.94 37.61 572000

SLO SLO 31 48 12 23.42 11.13 34.55 118 000

SLO ITA 31 45 12 23.42 11.12 34.54 118 000

Furtherstudies shouldfollow the commonmarketdevelopmentof this region on oneside
and peculiaritiesof eachcountry on the other side. In the future the study areashould be
larger and should include greater numberof mills, platforms, harboursand power plants
along the border betweenItaly andSlovenia. In this it would be possible to seehow the
resultsvary with the sizeof area– it is thequestion of cutting volumeavailable,transport
costsandmarketopportunities.Morewood assortments should alsobe considered astheir
different valueson theside of sources(wherethey areproduced) andsinks (where theyare
consumedor processed). Largerareashould give better result of optimal scenarios.For this
purposethe sametechnological models for specific terrain and stand conditions on both
sidesof bordershouldbe chosen,andtypical machine andlabour configuration shouldbe
defined for eachtechnology including long distance transport. Technologiescanbe same
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with minor specific differences between countries. The same is true also with cost
calculations, which differ in some degree, and daily performances, which should be
calculatedfor chosenmachineson thebasis of futuretime studies.
Theresults of this study showedin some cases(by forest compartmenton figure3.6.2.2.c)
extreme differences,but closer analysisshowed that it is normal result under certain
combination of variables.It was already discussed(LUBELLO et al. 2007) thepossibility to
use in minor extend a stochastic(randomisedwithin chosen range)variables(i.e. daily
performances,skidding distances,tree size, assortment structure within stand type etc.)
insteadof puredeterministic approach. On this way we could level different influenceson
largerscale.Thereis alwaysa challengeto validateandprovetheresults by observation (or
questionnaire)in thereal life, but this is for the timebeingadistantfuture goal.
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6. CONCLUSIONS

TheForestOperationPlanning model wasthoughtasa helpful decision support tool for an
integrated forest and harvestingplanning. The integration of different aspectslike terrain
evaluation, skidding systems and their technical limits, productivi ties and costs,
assessmentalplansdata andforestroad network wassuccessful. Requiring only five input
files (we admit that they arenot alwaysso easyto fulfi ll!) the modelprovidepreciseoutput
maps which canbeusedandinterpretedfor different purposes.As showedinside this work,
outputsmay behelpful both on small andon big scaleplanning andcan be integratedwith
othersimpleapplications.Theuseof GISsoftwaresis stil l increasingandwe think thatalso
the numberof toolsandmodelswill increase.TheFOpPmodel herepresentedis surely not
the first andlast version, but it will slowly changein the future, implementing it with new
functionsor newalgorithms,programminglanguage anduserwindows.Theintroductionof
new technologiesas Lidar and new forest planning proceduresas the data and surveys
required,might allow more and more preciseevaluations.So we hope that in the future
foresters wil l usethe model during the planningphase: we tried to demonstrate that it is
helpful evaluating the cheapest and environmentally sound skidding system,calculating
and optimizing utilization costsand that is a good instrument to judge the road network
insidea forest area.
If all operatorsof theforestsectorsapply for improvingtheir “ring” of thewood chain,the
woodmight bethebestmaterialfor the future for anykind of use, from building housesto
heatingand maybeproducingfuel… andit will beecologically andenvironmentally sound.
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