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Zielsetzung und Anlass des Vorhabens

Aktuell fehlen fur die Walder Montenegros grundlegende Entscheidungsinformationen zur Sicherung einer
nachhaltigen, naturschutzgerechten Wal dwirtschah-
formationsbasis fur eine nachhaltige Waldbewirtschaftung und den Wald-Nat ur schut z i n
helfen, die wichtigsten 6kologischen Informationsgrundlagen fir eine nachhaltige, naturnahe Waldbewirt-
schaftung in Montenegro durch Zusammenfihrung vorhandener Unterlagen (Dateien, Karten), innovativer
Erhebungsmethoden und IT-Lésungen bereit zu stellen.

Um die Ziele und Grundsatze einer multifunktionalen, nachhaltigen und naturnahen Waldbewirtschaftung
erreichen zu kénnen, bendtigt der montenegrinische Forstsektor wichtige 6kologische Basisinformationen zu
den Waldotkosystemen. Derzeit fehlen dem Management als Planungsgrundlage und Entscheidungsunter-
stutzung: Informationen Uber die Waldstandorte (N&hrstoff-, Wasser-, Temperaturhaushalt), die potenziellen
natirlichen Waldgesellschaften sowie aktuelles Wissen Uber naturschutzrelevante, seltene und geféahrdete
Arten, Biotope und Habitate. Im Moment sind in Montenegro die folgenden Probleme zu erkennen:




1 Es existiert keine forstliche Karte der Waldstandorte, lediglich eine kleinmaRRstdbige Bodenkarte
(1:100.000), die fur die Bewirtschaftung von Waldern auf Bestandesebene nicht genau genug ist.
Klimatische Faktoren eines Waldstandortes werden darin nicht beriicksichtigt.

1 Es stehen derzeit nur veraltete Vegetationskarten auf nationalem Skalenniveau (1:1 Mill.) neben der
ebenfalls sehr kleinmaCst2bigen fAMap of the N
Verfugung.

1 Das AEmer al d Ne t n\orkdminenivonsatenenamdigefshreeten Arten, Biotopen
und Habitaten, jedoch fehlt eine systematische Kartierung. Derzeit wird die Definition von zu schiit-
zenden Biotopen/Habitaten erarbeitet. Viele Daten zu Vorkommen von Faunen- und Florenelemen-
ten sind verteilt iber verschiedene Institutionen, Nichtregierungsorganisationen oder i wie im Bei-
spiel der Wildarten - nur im Jagd-Sektor zu finden. Die Informationen sind nicht genligend aufberei-
tet und stehen fiir eine nachhaltige, naturschutzgerechte Waldbewirtschaftung nicht zur Verfligung.

Hauptziel dieses Projekts ist es daher, ein innovatives Konzept zur Verbesserung der 6kologischen Da-
tengrundlage fiir eine nachhaltige Waldbewirtschaftung und den Waldnaturschutz bereitzustellen und
durch Fallbeispiele exemplarisch zu erproben.

Darstellung der Arbeitsschritte und der angewandten Methoden

Das Hauptziel des Projektes wird durch die Bearbeitung folgender Teilziele und Aufgaben bzw. mit folgen-
den Herangehensweisen erreicht:

1 Verbesserung der Informationen zu Waldstandorten durch Kompilation aller verfigbaren Unterlagen;

' Aufbereitung von Waldnaturschutz-Informationen und Integration der 6kologischen Basisinformatio-
nen in eine °ffentlich zug2ngliche AWald°kol o

1 Verbesserung der Informationen zu den Standortseigenschaften durch Kombination von Boden-,
Klima-und Vegetationsparametern, Aufnahme von Pr

Bielasica), Auswertung durch multivariate Methoden (Ordination, Klassifikation);
1 Exemplarische Ableitung der potenziellen natirlichen Waldgesellschaften in zwei Testgebieten

(Gtitovo, Bielasica):;

1T Exemplarische Umsetzung der neuen °kol ogi sceie
ment PlansfA inklusive Definition un&T)ZwStanddrts-u n
und Vegetationstypen;
I ntegration aller verfgsggbaren Datenbanken in

Wissenstransfer durch Qualifizierung von montenegrinischem Forstpersonal;

Wissenstransfer durch Qualifizierung von zwei jungen montenegrinischen Doktoranden mit standort-
skundlicher Themenstallung (Doktorarbeiten in Belgrad; Betreuung durch Professoren aus Belgrad
und Freiburg);

1 Exemplarische Erstellung eines Managementplans fur einen Forstbetrieb.
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1 ZUSAMMENFASSUNG

Dieses DBWProjekt greift die fehlenden grundlegenden Entscheidungsinformationen zur Sicherun
einer nachhaltigen, naturschutzgerechten Waldwirtschaft fir die Walder Montenegros auf. @ie gen
relle Projektidee war, die wichtigsten 6kologischen Informationsgrundlagen fiir eine nachhaltige,
naturnahe Waldbewirtschaftung in Montenegro durch Zusammendiig vorhandener Unterlagen
(Dateien, Karten), innovativer Erhebungsmethoden undld3ungen im Sinne eines umfassenden
Umweltinformationssystems zu entwickeln.

Hauptziel des Projekts war, ein innovatives Konzept zur Verbesserung der 6kologischen Ddtengru
lage fur eine nachhaltige Waldbewirtschaftung und den Waldnaturschutz bereitzustellen und durch
Fallbeispiele exemplarisch zu erproben. Mehrere Teilziele und Aufgaben waren damit verbunden:

A Verbesserung der Informationen zu Waldstandorten und zur Waltagign;

p>N

A Aufbereitung von Waldnaturschutaformationen und Integration der 6kologischen Basiginfo

+ SNDS&aaSNUzy3d RSNILYF2NXIFGA2Y Sy Tdz at 2GSy T ASt S

YIGA2YySY Ay SAyS I FFSydtAOK T daANy3IftAO0OKS a2l f RI

A ExemJt | NAaOKS ! YaSGTdzy3 RSNJ ySdzSy |1 12f 2adAa0KSy
YIE3ASYSyild tflyaa AylfdaAaAiAdS 5STAYAGAZY dzy R %dz2 NR
Standorts und Vegetationstypen;

A LyYyGdSaNI agAazy +ft SN OSNFNA@2NBBY BYESENIBEYLABY f¥aR

A Wissenstransfer durch Qualifizierung von montenegrinischem Forstpersonal;

A Exemplarische Erstellung eines Managementplans fiir einen Forstbetrieb.

Dieses internationale Projekt wurde von der Albedadwigs UniversitatFreiburg (Professur fir
Standorts und Vegetationskunde) geleitet und in Zusammenarbeit mit folgenden Partnern durchg
fuhrt:

A Deutsche PartnerUNIQUE forestry and land use sowie die Firma Soilution;

A Montenegrinische PartnerMinisterium fiir Landwirtschafind landliche Entwicklung (MARD)
inklusive der dort zugeordneten staatlichen Forstverwaltung (Forest Administration); das Mini
terium fiir nachhaltige Entwicklung und Tourismus (MSDT); die Environmental Protection
Agency (EPAM); das Hydrometeorologisclstitit und die Real Estate Agency (REA);

A Serbische PartnetUniversitat Belgrad, Forstwissenschaftliche Fakultét (Bodenkunde, Vegetat
onskunde).

Der empirische Teil des Pilotvorhabens wurde in Form estandorts und Vegetationserhebungn

zwei 6kologi® K dzy § SNB OKA SRt AOKSY C2NEGSAYNROKGdzy3I&SAyK

Forsteinrichtungseinheiten befinden sich im Norden und im Zentrum Montenegros und verfiigen
Uber verschiedene Geologien (Kalk, Silikat) und Klimate (oromediterraiscilysowie unterschik

liche Pflanzenund Baumartenvielfalt.

Die neu entwickelte Methodik bietet die Grundlage fur detaillierte, fein aufgeléste thematische
Standorts und Vegetationskarten, welche in FoSiM integriert sind. Diese Karten fassen diei-Okolog
schen Informationen im Bezug zu Wasserd Néahrstoffhaushalt zusammen, sie sind die Grundlage
fur weitere Standortsanalysen. Die Methode ist prinzipiell auf andere Regionen ubertragbar.

Die Analyse der im Gelande erhobene Bodamd Vegetationsmerkmaleiehte der Identifizierung
der 6kologischen Grenzen fir das Wachstum der wichtigsten Baumarten und damit verbunden der
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Ableitung verschiedener Waldentwicklungstypen in den zwei ausgewahlten Forsteinrichtungseinhe
G§Sy 0~GAG202y . 2Stlarldloo

Aufgrund der natrnahen Auspragung der Inventurplots konnten Vorkommensbereiche aqind
grenzen wichtiger Baumarten identifiziert und durch Umweltparameter charakterisiert werden. Dies
erlaubt Rickschlisse auf die potentielle nattrliche Verbreitung dieser Baumarten.

Getrenrt von den auf empirischen Erhebungen basierenden Erhebungen erfolgtendiidcklung

eines webbasierten umfassenden Umweltinformationssystems dem die verschiedenen Formate

der Umweltdaten in einer walddkologischen Datenbank vergleichbar gemacht we@i&hasierte

Karten erstellt werden und Uber eine zu schaffetaiernet-Plattform offentlich zugéanglich gemacht

werden. Eine Vorlauferversion mit allen relevanten Funktionen konnte innerhalb des Projektes en

worfen und mit den Projektpartnern abgestimmierden. In diese kdnnen neue Daten eingepflegt

G SNRSY dzyR YINISYy SNEGStEfG 6SNRSYyS>S 0SAaLASt a86SA:
Weitere Auswertungen hinsichtlich der Baumarteneignung in der Waldwirtschaft waren mdglich,
konnten jedoch afgrund fehlender Waldinventurdaten aus den beiden Testgebieten nichteumg

setzt werden.

Die Projektziele wurden nicht alle erreicht, verschiedéterausforderungerhaben die Umsetzung

der Projektziele erschwert. Anderungen in der Legislative in Serbi¢rdenVerwaltungsstruktur in
Montenegro haben dazu gefihrt, den Auftakt der Gelandearbeit in der ersten Vegetationszeit zu
verzogern. Der Abschluss von Vertragen zur Zusammenarbeit zog sich Gber mehrere Prufinstanzen
bis zu 2 Jahre hin. Dies hat dazu gefuten burokratischen Aufwand zu erhéhen und erhebliche
Zeitverzdgerungen bewirkt. Dartber hinaus hat dieses Projekt gezeigt, dass bei der Erstumsetzung
der Methode die Anzahl der zu erhebenden Daten stark unterschétzt werden kann. Erst im Laufe der
Analyse wurde offensichtlich, dass mehr Proben notwendig sind, um die Varianzen besserteinscha
zen zu kénnen. Nicht alle bendétigten Daten konnten den Probeflachen zugeordnet werden. Dies gilt
beispielsweise fur die Modellierung von Niederschlagsdaten im Berglas extrem wenigen Klirea
tationen. Auch stellten die Messung der PY¥erte und die Tiefe der Bodenprofile unter 60 cm ein
grol3es Problem dar. Dies entstand v. A. aufgrund mangelhafter zeitlicher (z. B. nicht genligend Zeit
fur ProbenWiederholung) sowie &hnischer Kapazitaten (z. B. nicht verfligbare Ausriistung vor Ort).

Trotz dieser Herausforderungen liefert dieses Projekt die allererste 6kologisch®&eabasis fir
Bodenr und Vegetationsinformationen in Montenegro. Diese Datenbasis ist nicht nur dieralie
systematische Sammlung von 6kologischen Informationen in Montenegro, sondern auch eide Grun
lage fiir Weiterentwicklung und followp Tatigkeiten im montenegrinischen sowie regionalen t~ors
sektor.

Die Montenegrinischen Partner aus Politik und Vdtway haben die Vorteile eines holistischen
standortskundlichen Ansatzes sowie die Bedeutung eines umfassenden Umweltinformationssystems
erkannt, das beispielsweise fur Planungen und Reporting eingesetzt werden kann. In transparenter
Weise kénnen damit Misterien, Planungsinstitutionen (z.B. Ferdmweltbehdrden) sowie die
interessierte Offentlichkeit auf diese Informationen zugreifen und als Diskussimas Entschie
dungshilfe anwenden. Auch andere stdosteuropdische Nachbarlander haben die Bedeugsg ei
derartigen Umweltinformationssystems erkannt. Damit besteht die Grundlage fur eine wéiterfii
rende Zusammenarbeit, wie skirzeitmit Serbien in Form einer IPA2 Cross border Kooperatien s

wie einem weiteren Testprojekt in Zentralserbien in Vorbereitbagindet.
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2 BACKGROUND AND GOBEIHE PROJECT

In a country wheredrestscovers69.4% (0,96 mio hahe total of Montenegro is 1,4 mio haforest
are not only the characteristic landscape element but also a great natural resource. Almosf 52%
the Montenegrin forest istate owned andt8% of the forests are privately owned

These forest provide a@od volumeof 122 million m3(previously estimated 72 mio m?3) arath in-

crementof 2. 9 million m3/a(vs. 1.4 mio m3/ajn wood volume Thepotential for wood harvestfor

was estimatedas 1.8 mio m3/a (60% of the increment)r the period 2011 2020. If this potential

would be optimally used in modern wood industtyvould provide anRRSR @I f dzS8 2F wmZcn
and couldprovidework for 48,000 employeem the forestry and wood cluster

But the forest landscape also have a high environmental value because of its high amount of dead
wood (7.2 mé/ha) and 46% of the forest area was also classified as potential Annex | habitats regar
ing Natura 2000. Additionigl 23% of forests and forest land provides protection function.

New challenges for the forest sector in Montenegare the alaptation to climate change and
preservation otbiodiversity. The latter is especially important gsrapartation for the EU biodigrsity
strategy to meet the requirements of the EU Natura 2000 framework

With the National forest policy (MARD 2008) and the new forest law Montenegro (MARD 2010)
committed itself to sustainable and multifunctional forest management and conservatioreand

hancement of biologic and landscape forest biodiversity, and its environmental quality. This-aation
O2YYAGYSyil o6l a &dzZJJI2aSR (2 FTR2LX Fy aSOg8pepadSy |
integrating the protection of biologic and landscapeSai i 06 A 2 RA @S NE A-th-Batuded ¢ St €
F2NBad YIyrFr3asSySyidiéo {LISOAFAOLEfe (GKS F2tb26Ay3 |
logical stability of forest ecosystems by making use of site information and (2) Orientation on site
conditions wlich means to match speciesite and the natural potential forest vegetation; and (3)
PGATATIGARZ2Y 2F yEGdaNI £ LINRPOS&aasSa (2 NBIFIOK (KS R
F3ASYSyGée YIF1Ay3 dzaS 2F yl ddzNI £ NBEISYSNIGAz2y o
However, he forest administriion of Montenegrowaslacking fundamental ecological and economic

data for decision making to ensure sustainable, conservaiitented forestry. This DBfiinded

project aimedto providethe most important environmental information base for sustainablatun

ral forest management in Montenegro by pooling of available documents (files, maps), drafting of
innovative research methods and IT solutions.

In order to achieve the objectives and principles of a rfultictional, sustainable and natural forest
management, the Montenegrin forest sectaeededecological base information on forest ecesy
tems. The forest management is missing the following inftiom as a basis for planning and dec
sion support: information on forest sites (nutrients, water, temperature), which could be linked to
forest inventory data; the finecale potential natural forest vegetatignas well as updated
knowledge about rare andndangered species and habitats.

At the beginning of the project, the following problems have been identified in Montenegro:

A Therewasno existing map of forest sites, only a snasathle soil map (1: 100,000), whidid not
have sufficient precision to bhesed for the management of forests to stand level. Climatic site
factorswere not integrated into the site classification system.

! Data are taken from the first Nianal Forest Inventory (Dees et 2D13)
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A Thenthere exised only imprecise vegetation maps at national scale (1 : 1 million) in addition to
the also very smalicale"Map of the Natural Vegetation of Europe" (Bohn et al., 2003).

A The "Emerald Network" inventoried the occurrence of rare and endangered species, biotopes and
habitats, however, no systematic mapping was performétedefinition of the protected lo-
topes /habitatswas notdeveloped. Many data on the occurrence of fauna and flora elements
weredistributed isolated throughout different institutions, negpvernmental organizations, er
as in the case of animal species concerning hurgioguld eonly obtained from hunters. Thexe
isting informationwasnot systematically processedvitasnot available for a sustainable, comse
vation-oriented forest management.

Objectives
General objectives of the Montenegrin partner:
A Increase the competitiveness ofdHorestry sector and

A Thereby foster rural development in Montenegro by improving and securing-ttesature sis-
tainable forest management that fulfill key EU standards on forest management and protection as
well environmental protection standards.

A Implement a modern, innovative methodological approach for improvement of the ecological
information base for sustainable forest management and forest conservation and

A To test it in several pilot areas of Montenegro.

Project objectives:

The main project ojective of the project was to provide an innovative approach to improve thé env
ronmental database for sustainable forest management and forest conservation; and to develop
methods for a systematical forest site and vegetation inventory which will be deisteexemplary

case studies.

Several detailed objectives and tasks were derived:
A Improving information on forest site conditions
A Improving the information on th@otential natural forest vegetation

A Preparation of forest conservation information and itseigiation in a publicly accessible "forest
ecological geodatabase

A Exemplary implementation of the new environmental information in "Sustainable Forest Ma
agement Plan", including definition and classification of forest development types (FDT) to site
and \egetation types

A Integration of all available data in the new "Forest Information System" (FIS)
Knowledge transfer through training of Montenegrin forestry personnel

v >

A Exemplary preparation of management plans for pilot management units

3 WORKING STEPS ANBLMED METHODOLOGIES

ThePhase 1'Pre-study” served all work packages by compiling and evaluation of available data. This
step was followed by a site productivity analysis in relation to existing data from the National Forest
Inventory of Montenegro, as shild be linked with the Forésvlanagement PlansThe recently fi-
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ished National Forest Inventory was an important element for an early test of the selection of the
model parameters for the method development in this project to classify the forest sitesoadet

rive the potential natural forest vegetation. This ptidy was done in a Master Thesis prior to the
project start (Zehfuss, 2013). As a result of this-gitely two out of the 135 Montenegrin "Forest
Management Units" were selected as areas to tix&t developed methodology of site and veget

tion survey, analysis and mapping.

The test areas were used Phase 2to develop and irPhase 3to implement the methods of the
work packages-B. After developing the inventory method, it was applied to asségesand veget-

tion data. The site mapping was performed mainly applying the forest site classification of the Ge
man Federal State of Rhinelafdlatia Arbeitskreis standortskartierunig der Arbeitsgemeinschaft
Forsteinrichtung2016).A prognostic angkis step ofegionalization and validatioof the site foe-

cast model was tested, a WebIS application for the forest ecgjical @odatabase was developed

to provide maps of forest sites conditions as thematic information layers.

With respect to the forst vegetation, in total 271 sample plots were recorded with combined soil
and vegetation data. The actual distribution of the tree species provided the base to construct their
potential natural distribution and their site limits which is an important stegonstruct the disti
bution of thepotential natural forest vegetation

Initially it was planned to construct map of the potential natural forest vegetatian a following

step, based on the assessed vegetation data and the compilation and analysg&ooical infa-
mation. This step was not performed, because the numerical classification of the vegetation data
remained preliminary, and their ecological limits were not quantified. This explains also why the
methods description in a manual as well &g tompilation of all conservatiarlated information

about the test areas remained rudimentary.

Also inPhase 3t was originally planned for these two test areas to introduce the results infoew

est management pland'hese should be based on the upeld and more precise new information
about site factors, vegetation and other habitat parameters, and the forest revised inventory data
from the two selected Management units. This step was not be performed because of incomplete
analysis of the vegetatiosite relationships, and the failing new forest management plan.

The originally planned forest ecological geodatabase, despite remaining rudimentary, became a
module for the developing Forest Information System (FIS). The planned workflow and results are
presented inFigurel.
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Figurel. Project phases and tasks within the work packages

3.1 Work package 1: Improving theformation on forest site conditions

In work packagela statistical approach for spatial prediction of site properties was developed and
tested from forest siteswhich is adapted to the specific physiographic conditidite goal is to e+
velop a methodthat can provide the ecological information baf® sustainable closeto-nature
forest management

The results are

A Aninnovativemappingand modelling concept for assessing spatial forest site information

A Maps with soil, climatend site conditions for forest arsagoall: 25,000, which served as a
base for deriving th@otential natural forest vegetatio@VFP2). For forest managementhese
mapsprovide the base for evaluating tree species suitability and productivity



3.2 Work package 2: Improving the information on the Poteritlatural
Forest \égetation

In direct connection wittthe first stageof the forest sitesampling, avegetation sampling and npa
pingwas planned, but remained incomplete and restricted to demonstthe&emethod to derive the
ecological limits of the most important tree species. The transfer to the analysis of the limits of the
actual forest types, and the transfer to thpotential natural forest vegetatiotimits, could not be
achieved, and also affead the mapping.

3.3 Work package 3: Delaping a Forest Ecological Gexdabase
(FEGDB)

As decision support system for the forest management and publicly accessible information platform

| forest ecological geodatabageC 9 D5 . 0 ¢ & K2 dzf R 0 Smpie$h@igforRdtighRom LG a K
different new sources:

A Forest #e geodatabase (see WP 1)

A Gealatabase orpotential natural forest vegetatiotsee WP 2)

A Information relevant for nature protection, wildlife management and biodiversity

For the third dataset thexisting information about rare and endangered species and habitats rel
vant for forestry, hunting and nature conservation sector should be integrated into the FEGDB. It was
foreseen to collaborate with the Ministry of Sustainable Development and ToukDT) to deve

op a systematic and permanent access to this data for all stakeholder and institutions that are active
in nature conservation, in forestry and in the hunting sector. In order to complement and update the
existing data which is very scattereah active access for relevant actors and institutions should also
be considered, which allows to add information on the occurrence of rare or/and endangesed sp
cies, biotopes and habitats to the database.

Expected results

A Webbasedforest ecological getatabaseas decision support for the forest sector and publicly
accessible information system and interactive application

A Technical concept for the integration of thierest ecological geodatabases a module in the
newly planned Forest Information SystériS).

3.4 Work package 4: Implementation of the new ecological information
into Sustainable Forest Management Plans

In the two selected test areas, the new ecological information (results of WP 1, 2 and 3) should be
used directlyin two case studiefor forest management plannindt would bethe first timethat the
objectives of a sustainable and natural forest management are planned making use of the new forest
ecological information

Therefore, the project plans to support the Forest Administration ingtaptation of planning ma
ualsandtechnigues How and where the new ecological information can be used during the Forest
Management Planning process will be added to the existing Forest Management Planning Manual



and the future utilization of the ecologal information will be described in the #gw on forest ma-
agement planning.

Expected results

A New version of the a | y dzIFdrest™Manddement Plannihgnder inclusion of the new forest
ecologicainformation and proposal for a updated version of thelaw on forest management
planning

A Sustainable Forest Managemé®ian for thetwo test Forest Management Unit®1U) created
using the neworest ecological geodataba$EEGDB)

4 RESULTS AND OUTCOMES

4.1 Preparationphase

The development of a method to classify Montenegrin forest sites had to use the available site and
vegetation data. Because not all needed data for each plot could be measured or recorded in the
field, they had to be modeled using exmlinearby measurements, e.g., from climatic stations, or
existing soil profile descriptions.

4.1.1 Data compilation and parameter selection

Initially, a checklist of potentially available (get@ta has been created to provide data for several
work packages:

A WP 1: Forest Site mapping

A WP 2: Mapping th@otential Natural Foresfegetation

A WP 3: Information relevant for nature protection, wildlife management and biodiversity

All available forest related datasets and maps were compiled.

The relevant institutiong mainly the partner institution in the projegthave been asked to provide
all existing and available datasets based on the checklist created. The following institutions were
contacted and provided data:
A Real Estate Agengyprovided data related téopography and administrative level
A Ministry of Agriculture and Rural Development (MARP)ovidedforestry related datasuch as
spatial data of forest management unitsrést management plans, the gagatabase of thee-
sults of the national forest inventory

A Institute for Hydrometeorology and Seismology (HMZE@pvided climate related data

A Ministry of environment and Environmental Protection Agegdsgta on nature protection

zones (national parks, Emerald network protection zones)
An overview of the requested and obtained data is availabthapter8, Appendix 1.
In the next chapter we present the available basic data selected for developing the methodologies.
The final model parameters selected and derived for the single models arenpeesm the core-
sponding chapterd.2and4.3.



4.1.2 Relevant basic data

4.1.2.1 Climatedata

Climate data in Montenegro is available as raster maps with a resolution of 100m based oR the cl
mate stations irFigure2. Although finer resolutions are generally recommended this data had to be
used for forest site mapping in Montenegfd. chapter 5.2.1)
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Figure2. Location of the climate stations draped over the DEM
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Figure3. Daily temperature averaged for the cold season Octdlarch
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Figure6. Daily precipitation averaged over the warm season Apgpptember

4.1.2.2 Digital elevatiormodel (DEM)

For the management unit survey during the project a DEM with a resolution of 2 m was available.
With respect of the aim to nyathe whole country and due to some artifagts. chapter 5.2.1in the
DEM the resolution was resampled to 10 m. On this level the DEM shows a good fuadity

mapping

4.1.2.3 Soil and parenmaterial

A soil mapcontaining some information on parent matatiwas available at scale 0f(1:50,000 for
Montenegro. However, soil data regarding water balance and nutrient regime, necessary for forest
site classification could only be estimatdde to the coarse scald-urther information was available

as referene soilprofiles These profiles were not available as GIS layers and georeferencing is not
possible Hence, this data was not availaloleringthe project.

4.1.3 ldentification of test areas

Besides data acquisition an important step was to decide abountimsber and the location of the

test areas in Montenegro. With the local partners we decided to select management unitsdgMU
fined regions for a common forest management plan be the spatial representation of the test
areas. Because these are also ussdlanning units in forestry which is the main application of the
methods developed in this project. The forestry administration divided the country’s forest area in
management unit$o organize inventory and planning (see Fig 7). Two MUs were seleased on

the following criteria discussed at the Kiaf meeting:

A The Forest Management Plan revision was planned for 2@iich should provide synergetic
effects regarding field work on site (WP 1) and vegetation assessment (WP 2)

A Representative regyding geology, climate and landscape formations
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A Homogeneity of the soil conditions within each MU
A A Diversity of vegetation types and tree species compositions

Managemant units and geological composition in Montenegro N

A

1:1.100.000

Legend

:’ Management units in forestry

‘| Soilmap of Montenegro 1:50

Geological classification
Non-carbonatic bedrocks like sh

Limestone, Dolomite, Marl tec

Figure7. Management units and geological composition in Montenegro (bedrock in the soilmap of
Montenegro (1.50.000)lilac: calcerous bedrock like dolomite or limestone; green:-calcerous
bedrocks like shist, sandstone, clay etc.)

Only two management units werin the pipeline to be inventoried in 2014 and 2015 and wege h
mogenous regarding the soil conditions, but with a diversity in the vegetation. The management

A 2 4 A x

dzyAdda o6a! v &St SO0 Sva(154%) anil Bjdlabical(I@Y). & 6SNB ~GA G2

4.1.3.1 a | Bjalasica

4.1.3.1.1 Studyregion

The MU Bjelasica (1101) is situated in the mideiist of Montenegro near the border to Serbia in
the administrative district of Bijelo Polje including a small area of Beratiee southern part of the
municipality of Bijelo Polje, on the left sidf the river Lim, on the northra side of mountain Bjat
sica Figure8). The total area under forest management comprises 9205 hect&48 ha ardor-
ested, of which high forests having senaitural tree species composition (i.e., resulting from natural
regeneration) cover 82%.
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Geographical position of Bjelascia N

A

1:250.000

Pljevija

Bijelo Polje

Mojkovac

Berane

o Legend
ROZAIE| ) rance_opstna.umm

Test area Bjelascia

Kolasin

Andrijevica
FAG, NS NRCAN, Geobase, b, KatasiedhiL.Grdnahce
o A

A

Figure8. Administrative position of MU Bjelascia

4.1.3.1.2 Geology and Soil

The geology is vemgiverse. At lower altitudes predominantly shale and sandstone occur. At higher
altitudes carbonatesilicate bedrock prevails. The main characteristics of this area are moderately
steep to steep slopes. 53% of forest area is located on a moderately stgms 11120°) and 43%

on steep slopes (230°). The MU is located at the northern slopes of Bijelasica Mountain, therefore
the prevailing exposure of the terrain is north (N, NE and NW comprise 77% of the Management unit
G. 2SSt aA0F£0d 8KIN,fth aighastieletdfioh sédched E850pm NN. Many springs
and streams have deeply incised their riverbeds. Between the water courses are ridges, mostly ru
ning from south to north.

The soil map of Montenegro describes the pedological situation adzRenover hard limestone in
small patches surrounded by Brown Soil on carbossilteate bedrock and a few places with Ranker
on sandstone in the highest mountains. On the slopes Brown Soil was dominating on shisk-or san
stone.In furthest Northwest allual sediments were commoffrigure9).
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Soilmap of Montenegro 1:50.000 in Bielascia

y

Legend

Soils

Soilmap of Montenegro

[ Awvial soit:
[ ] Awvial soit:
- Brown soil: Alkaline igneous rocks
[:l Brown soil:
- Brown soil:
- Ranker: Sandstone
- Brown soil:
|:, Brown soil:

- Rendzine: Hard limestones and dolomite

1:75.000

carbonate and gravel

sandy

Gravel
Sandstone

Schist

Carbonate-silicate

Figure9. Soils of the test area Bjelascia based on the soil map of Montenegro (1:50.000)

4.1.3.1.3 Climate

The climate of the MU Bijelasica was characterized by the fdata the climatic station Bijelo Polje.
It is characterized by its location on the inland side of the mountain ranges, i.e. as more continental

aLtte@NROe VD SOFdzaS 2F GKS KA3IK It dAddzRS
mmmonth  Climaticdiagram ToC
120 50,0
100 A 40,0
o 80 — 30,0
°
o
o 60 20,0
2 /\
@ 40 / \ 10,0
20 —— ~ 0,0
0 . -10,0
Jan| Feb| Mar | Apr | Maj | Jun| Jul | Avg| Sep| Okt | Nov| Dec
Presipitation/84,4763,8160,8(79,7774,4577,5/68,0961,1(72,6573,31107,989,55
= Temperature -1,9/ 0,9 | 4,7| 9 |13,3| 16 |17,7/17,3| 14 | 93| 4,3|-0,4
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Figurel0. Annual course of temperature and precipitation of the climatic station Bijelo Polje (570 m
NN)

Based on the measured values of the climatic station Bijelo Polje the temperature was modelled for
the altitudes between 620 and 1% m NN:

A The mean annual air temperature at 620 mis 8.7 ° C, and at 1719 m is 3,3° C.

A At 620 m a.s.l. the duration of the vegetation period is about 230 daysr(ayer 2007). There
the growing season usually begins around March 19 and ends November Evelfy 100 mni-
crease in altitude vegetation period shortens for 11.5 days. On the basis of legality cam be co
cluded that the length of the vegetation period of 1300 m a.s.l. lasts about 165 days, and at the
upper limit of the studied zone at 1700 m &.enly 126 days.

A Measured temperature data from climatic reference station were used to model the regional
variability including elevational differences. These calculations were based on a temperature
lapse rates of 0,65C (in summer and spring), 0,5 (in autumn) and 0,35C (in winter) per 100
Y fGA0GdzZRS daArfzal gt 2SPA0T Mpyyod

A The amplitude of monthly mean temperature is 20.2 ° C at 591 m and 18.2 ° C at 1467 m a.s.l.
That means with increasing altitude continentality decreases. The temperaturétadepof
monthly mean temperatures during the growing season is at all altitudes between 9.8 and 10.7 °
C. The annual precipitation was modeled according to changes in elevation, it ranged below 800
mm and exceeded 1600 mm at the highest plots.

Tablel. Monthly mean temperature in the MU of Bijelasica, modeled for different elevations

T°C Jan |Feb [Mar |Apr |May |Jun |Jul Aug |Sep |Oct |Nov |Dec |Year
900m -2,89| -0,09| 3,71| 8,01| 12,31| 15,01| 16,71| 16,31| 13,01| 8,31| 3,31| -1,39| 7,71
1100m -3,99| -1,19| 2,61| 6,91| 11,21| 13,91| 15,61| 15,21| 11,91| 7,21| 2,21| -2,49| 6,61
1300m -5,09| -2,29| 1,51|5,81| 10,11| 12,81| 14,51| 14,11| 10,81| 6,11| 1,11| -3,59| 5,51
1500m -6,19| -3,39| 0,41| 4,71| 9,01 11,71} 13,41| 13,01 9,71| 5,01| 0,01| -4,69| 4,41
1700m -7,29| -4,49| -0,69| 3,61| 7,91| 10,61| 12,31| 11,91| 8,61| 3,91| -1,09| -5,79| 3,31

Table2. Monthly mean precipitation for the period 1960990, Bijelo Polje (mm/month)

Bijelo Polje |Jan Feb |Mar |Apr |May |Jun |Jul |Aug |Sep|Oct |Nov |Dec |Year
Precipitation
(mm) 84,5 63,8/ 60,8/ 79,8 74,5|/77,5/68,1| 61,1|72,7|73,3| 108| 89,6/ 913,7

4.1.3.1.4 Vegetation

In the highlands lllyriadinaric altimontane beechfir-beech and lllyrianwest Balkan montane
spruce forest®ccurred On the slopes on shist and sandstone were Dinaric beech forest and West
Moesian herkrich sessile oak forestgere common(Figurell).
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Pot. Vegetation in Bjelascia N

A

1:80.000

Legend

Pot. Vegetation

Dinaric beech forests
‘7' Dinaric mountain pine scrub on carbonate rocks
i lllyrian-Dinaric altimontane beech forests
‘ lllyrian-Dinaric fir-beech forests

lllyrian-west Balcanic montane spruce forests

‘ West Moesian herb-rich sessile oak forests

Sources: Esri, DeLorme, USGS, NPS

Figurell. Potentialnatural forest vegetatiomf MU Bjelasica based on the European Maphn et
al. 2000)

4132al ~0Ad202 ompnmo
4.1.3.2.1 Study region

¢ KS a! o-~adcadl hddtBeast of Banilbvgradnd extends from 1% H Q mtp ©F1632°

eastern longitude and from 48 o0 Qo p &p Qinzc I+ v 2 NHigkr&1R\/t béldngs foiihdzR S
municipality of Danilovgrad and leans on to the border of the municipality of Niksic and Kolasin . The
YIEYFISYSyYylG dzyAld o~0AG202a O2 O Svdfordsyfypds NBformed¥ Hn T N
by Pinus heldreich{it087,5 ha = 56,34%jagus sylvaticd419,50 ha = 21,73%), aRdgus sylvatica

mixed withAbies albg 412,50 ha = 21,37%). The mean timber volume is 7§Ham

The lowest point of this unit is locatext 1400 meters above sea level (Vodni do), and highest point

at 2124 meters (Kurozeb). The forest area can be classified into three altitudinal zones, i.e. between

1401 and 1600 m a.s.l. (1589 ha = 64%); between 1601 and 1800 m NN (659 ha = 27 %),eand abov
1800 m NN (223 ha = 9 %).
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Geographical position of Stitovo N
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Sources: EsriJHERE, DeLormie, Intermap, increment P Corp., GEBCO, USGS.
FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan
MET1,"ESrChinas{lipng Korg), swisstopo, Mapmyindia, © OpenStreetMap,
contributdrs; and thei@l S Wser Community; Sources: Esri, DeLorme, USGS, NPS
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4.1.3.2.2 Geology and soll

The geology of the area is mainly formed by limestone with all phenomena of typical karst: karst
valleys, sinkholes, caverns, gorgélsere is no abovground stream or river. Several small sources of
RNAY1AYy3 61 0SNIowlk(126A0FE {(dzRSYFO IyR dRYA R20
f23A0Ft ONIYyOK bAl1aA0 FASEIRI a (GKS -mineaBcEad 1 NJ
careous black soil and Brown soil on limestone.

The soils were locally shallow with dolomite rocks without soil cover at the sulfaper¢13).
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Soilmap of Montenegro 1:50.000 in Stitovo A
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4.1.3.2.3 Climate

The climate of the plots was modelled, based on the measured values-{B®8) of the Institute for
Hydrology and Meteorology af 2 Y 1 SY SANR  F2NJ G§KS Ot AYFGAOnalGl GAZ2Yy
nual air temperature in this unit is 1€, mean annual precipitation 1982 mm, the mean relative h

midity 71%.
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individual plots were based on temperature lapse rates of 0®%in summer and spring), 0,%2 (in

auumn)and 0,38/ O0AY GAYGSND LISNI mann Y FtGdAGdzRS dairfz2al
The precipitation data were calculated based on the existing measurements (climatic stations) and
interpolation by elevation.

The PET was calculated using the formula of Turc (¥66djfferent time periods (summer season,

annual). Based on the average values, there is not semiarid month. However, during extreme years
there is not enough rainfall and humidity during the vegetation period (15.-Adil October), and

particularly onshallow soils the conditions for tree growth are rather unfavorable.

4.1.3.2.4 Vegetation

The map of thepotential natural forest vegetatiomones of Europe showed two units: In the rort
ern and eastern part of the area lllyrig@inaric altimontane beach forest) the south and west llty
ian-dinaric fir beach forestFigurel5s).
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. llyrian-Dinaric altimontane beech forests
E lliyrian-Dinaric fir-beech forests

Figure15. Potentialnatural forest vegetatiorof thei Sa i F NBI ~{iA (202 ol aSR

(Bohn et al2000)

4.2 Method development |: Data Preparation, Sampling Design and ge
eral concept

4.2.1 Backgroundn Forest Site Mapping

The major aim of developing FoSIiM (Forest Site Mapping) is to providficiant and reliable co-
cept for forest site mapping with special focus on sparse data. The system should be simpte and a
plicable by norscientific staff.

Minimum data requirements are aigltal elevation model of 10m resolution, average summes-pr
cipitation and temperature. Soil or parent material maps are recommended but not required.

The FoSiM concept is based on the recommendations of the German working group on fgpest ma
LAy 3 a! D {GFyYyR2NI AT NI A SNYzy 3 AY
{G1F YR2NI a1 I NI A S Niyha Gerntadforéstiplafiningla§encies.n n o 8 &

ForSiM is an integrated concept comprising the

A selection of representative sampling locations

A preparation of initial concept maps

A integration of soil and vegetation feblsurvey data

A efficient spatial prediction

By analogy with most common forest site mapping approaches the most crucial point is a detailed
landscape segmentation approach. This is based on the existing and relevant environmental covar
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ates and conductecccording to the guidelines of the German working group on forest mapping.
This landscape segmentation forms the basis for the concept map, the sampling design, the field
work and the final forest site magrigurel6).

Landscape
segmentation

Sampling design
Field mapping

Forest site classification

Regionalization

Figurel6. General concept and workflow of the FoSiM approach

The relevant soil properties required in FoSIM are reduced to the fundamental properties ikquire
The following properties are crucial:

A water balance
- available field capacity in the root zone
A base saturation
A pH values in different depth
The DEM as well as the climate data has to be in grid format with spatial resolutions around 10m.
The forest sitdype results from climate, soil and terrain conditions
A climate and terrain determine the growing zone
A climate, soil and terrain determine the water balance
A soil and vegetation determine the nutrient regime

The growing zone changes locally based on tepasgition and regionally based on elevation and the
geographical location. In FoSiM the growing zones is factored in by the altitude zone and the diffe
entiation in sunlit and shaded terrain.

Both the nutrient regime and the water balance level are infleshby the environmental cord
tions. The most important factor are:

A available water capacity
precipitation
evapotranspiration
terrain position and slope

> > > >

vegetation
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The nutrient regime is a complex measure and thus not easy to determine with resgfect$o site
mapping. It is characterized by parent material, the weathering regime, vegetation, water fluxes and
climate. Relevant datasets are

A Soil and parent material maps
A Soil survey data
A Vegetation survey data

4.2.2 Development of a concept map

A concept mp which can be used as a basis for sampling design and mapping should comprise all
relevant data to provide a system of landscape units which should be as homogeneous as possible
regarding their site characteristics.

A concept map for forest site mappingauld thus include terrain structures, a climate zoning as well
as basic information on soil properties. The specific content has to be adjusted according to the
available basis data.

4.2.2.1 Parentmaterial

The first level of the concept map in FOSIM consisisformation from the soil map. The spoil map
is classified according to the parent material properties to derive differences in base saturation. The
following classes have been aggregated based on the [ABR_GEO] data column:

A SH, SHk: Shist

A Psh: Sandstoe
A C: Hard Limestone and dolomite
A Ks: Calcerous material

4.2.2.2 Elevationzones

A growing zones describes locations with a similar thermal regime. These have to be differentiated in
horizontal and vertical differences. Locally, it is differentiated by temaiition and solar insolation,
regionally be the elevation gradient and the geographical location.

In this project we use the elevation zones of the Orjen consisting of the following 5 climate zones:

Table3. Climate zones of thine Orjen

Climate zone Altitude [m 0. NN]
eumediterran 0-400
supramediterran 400- 1100
oromediterran 1100- 1450
altimediterran 1450-1700
kryomediterran > 1700
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4.2.2.3 Landformclassification

Terrain position and landform classes are typically ugsesbil and site mapping schemes. They d
scribe characteristic and complex areas. Regarding the local climate conditions and growing zones
the differentiation between sunlit and shaded areas is most important. It is based on the total solar
insolationbetween May 15 and September 15. Three classes have been derived:

A Sunlit 925¢ 2000 kKWh/m?2
A Intermediate 825- 925 kWh/m?2

A Shaded 0- 825 kWh/m?

Several additional landform classes are important for the water balance. In FoSiM we use the terrain
segmentation based on the works of Yokohama et al. (2002) and Stepinski und Jasiewicz (2011). This
approach classifies the zenith and nadir angles to the closest visible peak and pit found in eight radial
directions around a pixeF{gurel?) to determine so called geomorphonkigurel8). The geomop

phons are then aggregated to landform uniigurel9).

. : ,
—9 ~qp" lookup
¢,=90 DERLE distance :

) ' \|/3>¢3 W4> ¢4

e
Figurel7. Basic concept of landform analysis using zenith and nadir angles. Stepinski and Jasiewicz
(2011)
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Figurel8. Aggregation of viewing angles to geomorphons. Stepinski and Jasiewicz (2011)
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Figurel9. Classified landform units according to the geomorphins (Stepinski and Jasiewicz (2011))

The following classes were aggregated according to the common soil and site mapping schemes:
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peak

ridge
shoulder
spur + slope
hollow

foot slope

> > > > > D> >

pit + valley

A further layer included is slope. Spur and foot slope are subdivided in areas <= 30° and > 30°. This
results in:

A peak (200)
A ridge (300)
A shoulder (400)

>\

spur + slope <= 30{560)
spur + slope > 30° (564)
hollow <= 30° (700
hollow > 30° (704 / 740)
foot slope <= 30° (800)
foot slope > 30° (804 / 840)
pit + valley (900)

> > > > > D>

4.2.2.4 Complexityof the concept map

Combining the 10 resulting terrain classes with the solar insolation classes the concept map contains
30 differentterrain units. Including the parent material classes based on the soil map this sums up to
on dzyAita F2N ~GAdG202 om LI NBydG YFGSNRIFIE OtfFaao

4.2.3 Sampling Design

Sampling design focusses covering fisa&ure space; i.e., to ensure that all base saturation classes,
all altitude levels and solar insolation classes as well as landform units are covered. The second aim is
to reduce travel time since the area is not well accessible.

To achieve both aims sampling scheme based on nowrerlapping 500*500m patches was déve
oped. The general scheme is a stratified random sampling approach and works as follows:

for each base saturation class
for each altitude level
for each solar insolation class

select th e patch comprising all landform units with  equal
probability/area

sample each landform unit randomly
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The analysis is based on the concept map. The selection of the patches is done in Microsoft Excel
(Figure20) and the random sampling is done using a GIS. Each combination should be samples more
than once to estimate the variance.

750-800_1 750-800_2 750-800_3 BO0-850_1 BOO-850_2 B800-850_3
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Figure20. Pivot table (subset) used tterive the sampling patches
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Figure21. Patch sampling structurg’i itovo
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Figure22. Sampling locations in Bjelascia (repeated samples are not shown)

4.2.4 FieldSurvey

The two Montenegrin doctoratandidates were trained in the field and tested the methodologies in
the field in 2014. Based on their preliminary results, the sampling design was revised and updated for
the second vegetation season (2015), where it was successfully implemented oros71 pl

4.2.4.1 Vegetation

On selected sample plots, relevés were recorded using the modified Blanguetscale (van der
Maarel 1979), and were used to describe and classify the forest types. Data were recorded from a
nested plot formed by a vegetation rectanglad an adjacent soil profild-igure23). Plot size was

100 nf, representing homogenous site conditions.

The sample points were located in the fielding handheld GPS receivers. At each sample point the
following parameters were recorded: Location and landform, terrain form, slope, aspect, curvature,
elevation a.s.l., terrain position, humus layer thickness (L, Of, Oh), soil horizons (FAO/KAE), soil t
ture, stone content, humus content, lime content, root penetration, bulk densityVahie (in va-

ter). Within the sampling plot, the soil auger/soil pit was positioned in the southern left corner of the
vegetation plot (which is oriented towards northi}limatic parameters were not measured in the
field, they were modeled and attributed to each plot using existing climatic data from climatic st
tions.

The structure of the vegetation was described by three layers: (1) Ground vegetation layer (height < 1
m), (2) Shrub layer (heightd m), (3) Tree layer (height > 5 m). As first step the total cover of each
layer was estimated. All vascular plant species were listed for each layer. The vegetation for each
layer was recorded using the modified BraBlanquetscale (van der Maarel (19¥9
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Tabled). For numerical analyses this scale was transformed into a rank scale with a range from 0 to 9.
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Figure23. Design of plots

Table4. Modified BraurBlanquetscale (MuelleiDombois & Ellenberg 1974, van der Maarel 1979)

Description
<1% cover of the total plot area, 1-3 individuals/plot

<1% cover of the total plot area, 4-10 individuals/plot
1-5% cover of the total plotarea, 10-50 individuals/plot

2m 1-5% cover of the total plotarea, >50 individuals/plot

2a 5-15% cover of the total plot area, abundant (>50 individuals/plot)

2b 16-25% cover of the total plot area, abundant

3 26-50% cover of the total plot area, abundant (small clumps)

4 51-75% cover of the total area of the plot, abundant (extensive matts/clumps)
5 76-100% cover of the total area, abundant (continuous cover)

The sample plots were grouped to define the forest types on a floristic base. Printigally
classification methods were available: The own relevés were (1) related to already described
forest communities from adjacent regions and countries of the Balkan region; (2) classified
using numerical methods (clustering). The latter approach wasestabut could not be

completed during this project. Applying ordination techniques the relations between sp
OAS&azx F2NXBad deLsSa FyR aaidsS TIFHrOG2NER ¢&NB
YSYGSR Ay awé O0YSUK2RA lof)R NBadzZ 6a y2a a
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4.2.4.2 Soll

Soil is surveyed with a minimal dataset in mind. The approach foltagpari andshackKirchner
(2008).Relevant data are:

Site

GPS coordinates

Elevation

Terrain position

Date

ID

Geographic name

Stone cover at surface in 10 % steps

Percentage of karstic area in 10 % steps (if applicable)
Soil type

> > > > > > > D> D>

Profile:

A Name of the horizon
Horizon depth

Soil texture

Stone content in 10% steps
Stone type

> > > > > >

Humus content

Soil color (Munsell)

Bulk density

(at least) one pH measurement in 80 cm

> > > >

(at least) one pH measurement in-400 cm

4.3 Method development Il: Classification of sites

The concept for the forest site classification as implemented in FoSiM are adapted to the available
data and the geographic situation in Montenegro. To descrilf@rest site type information on &l

mate, vegetation and soil is requireBigure24 shows the general relations between environmental
conditions and feest site type.
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Figure 24. Forest site type and environmental conditions [simplified from: Forstliche
Standortskartierung Hessen, Abb. 29, S. 285]

4.3.1 Siteanalysis

Vegetation patterns are principally caused by the primary fEtg¢ors nutrients, temperature and
water, and their spatial and temporal patterns. The trophic conditions (nutrient regime) are shaped
by geology and soil parameters. The temperature regime is formed by the macroclimatic conditions
which are modified by leal topography. The water supply depends both from soil and climatic fa
tors.

The following chapters describe the approach developed in this project for site classification and
regionalization based on the concept map, the field survey data as well ésoadHrelevant and
classified basis data.

4.3.2 Precipitationin summer

For Montenegro precipit#on in FOSIM is classified as describedable5:

Table5. Precipitation classes using for site mapping

RRwarm [mm] Precipitation dasses
<300 1
300- 450 2
450- 600 3
600- 750 4
> 750 5
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4.3.3 Available water capacity

Available water capacity (AWC) is derived for each hofizsed on soil texture, stone content, bulk
density and humus content. The AWC is derived based on existing transfer funEtguneZ5, Table
6).

Sand [%]

Figure25. Diagramm to derive the availablgater capacity based on soil texturettp://www.lgb-
rlp.de/fileadmin/cd2009/images/content/bodenuebersichtkarte/Diagramme_pt300.pdf

Table6. Water capacity for 10 cm depth based on soil texture.

A heavy clay 9
A sandy clay 11
A clay 12
A silty clay 12
A sandy clay loam 13
A clay loam 15
A silty clay loam 15
A sand 11
A loam sand 15
A sandy loam 18
A loam 19
A silty loam 22
A silt 29

The values shown ifable6 are corrected by stone content and summed up for the entire profile
according to the flowing functions:

AVC . i0n = (AWC ,, * stone content [9%/100) * depth [dm
AV\CprofiIe = AMOrizon7n1 + AMOrizon7n2 oo AV\chorizonin
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To classify the AWC aiming to characterize the water regime FoSiM uses the following classes for
Montenegro:

Table7. AWC classes

AWC [mm] AWC classes

1-10

10-25

25-45

45-65

65-95

95-130

N |o|loal s~ W[N] P

>130

4.3.4 Soil Water Balance Level

To derive the relevant soil water balance level (WBL) the AWC has to be adjusted according to the
climate and terrain position. The classification is based on a system of tahldsq).

Table8. Transformation matrix to determine WBL based on AWC mit Hilfe der Reliefelemente und
der SonneneinstrahlungnFK > 45mm]

nFK |Genm|ﬁeliefeinheit sun | mid | sha | sun | mid | sha | sun | mid | sha
> 130 560 spurandslope:slope <309 7 7 8 8 8 9 9 9 9
> 130 564 spurand slope:slope > 307 & 7 8 7 8 9 9 9 9
>130 400 shoulder [ B 7 7 7 8 9 9 9
»>130 200 peak [ 6 7 7 7 8 9 9 9
»>130 300 ridge 6 6 7 7 7 3 9 9 9
>130 | 700 hollow; slope < 30° 7 3 8 3 9 9 9 9 9
=130 740 hollow; slope > 30¢ B 7 8 7 8 9 9 9 9
=130 800 footslope; slope < 30° 7 e 8 8 9 g 9 9 9
=130 804 footslope; slope > 30° 7 e 8 8 9 g 9 9 9
>130 500 walley 8 3 9 9 9 9 9 9 9
85-130 560 spurandslope: slope«<30f 6 6 7 7 7 8 9 El El
95-130 564 spurandslope:slope>30f 5 B 7 B T 8 3 9 9
95-130 400 shoulder 5 5 B B B 7 B g 9
95-130 200 peak 5 5 B [ [ 7 8 9 9
95-130 300 ridge 5 5 B [ [ 7 8 9 9
95-130 700 hollow;slope < 30° [ 7 7 7 8 8 9 9 9
95-130 740 hollow;slope > 30° 5 B 7 [ 7 8 8 9 9
95-130 800 footslope;slope<30° [ 7 7 7 8 8 9 9 9
95-130 804 footslope;slope>30° [ 7 7 7 3 8 3 9 9
95- 130 900 walley 7 7 8 3 3 3 9 9 9
65-95 560 spurandslope:slope<30f 5 5 5 B B 7 a8 8 8
65-95 584 spurandslope:slope =309 4 5 B 5 B 7 7 8 3
65-95 400 shoulder 4 4 5 5 5 B 7 3 3
65-95 200 peak 4 4 5 5 5 B 7 3 3
65-95 | 300 ridge 4 4 5 5 5 6 7 3 3
E5-95 700 hollow; slope < 30° 5 6 6 6 7 7 3 3 9
E5-95 740 hollow; slope = 30° 4 5 6 5 [ 7 7 3 3
65-95  B00 footslope;slope < 30° 5 5] B 5] 7 7 8 8 9
65-95 B04 footslope; slope = 30F 5 B B [ 7 7 7 8 e
65-95 | 900 valley [ 5 7 7 7 7 8 8 9
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65-95 560 spurand slope: slope < 307
65-95 584 spurandslope:slope = 307
65-95 400 shoulder

65-95 200 peak

65-95 300 ridge

65-95 700 hollow;slope < 30°

65-95 740 hollow; slope = 30°

65-95 B0O0 footslope;slope < 30°
65-95 B0 footslope;slope » 30°
65-95 900 valley

[ T T R T I S A S S|
- NN - T R SRR R T |
= WM
=l oW qwnwnown WM
ENRENRENEY. RENRIT RIT BRIV RF. A
B N R - B - RETREN)
[ R R N AL
00 0 00 00 D0 00 00 D0 0 0
W 0 W 0 W o000 0o

25-45 560 spurand slope: slope < 307
25-45 564 spurand slope: slope = 30°
25-45 400 shoulder

25-45 200 peak

25-45 300 ridge

25-45 700  hollow; slope < 30°

25-45 740 hollow; slope > 30°

25-45  BOO footslope; slope < 30°
25-45 | 204 footslope; slope > 30°
25-45 900 valley

10-25 560 spurand slope: slope < 307
10-25 564 spurand slope: slope = 30°
10-25 400 shoulder

10-25 200 peak

10-25 300 ridge

10-25 700  hollow; slope < 30°

10-25 740 hollow; slope > 30°

10-25 BOO footslope; slope < 30°
10-25 | 804 footslope; slope > 30°
10-25 900 valley

<10 560 spurand slope: slope < 307
<10 564 spurand slope: slope > 307
<10 400 shoulder

<10 200 peak

<10 300 ridge

<10 700 hollow; slope < 30°

<10 740 hollow; slope > 30°

<10 20D footslope; slope < 30°

<10 2804 footslope; slope > 30°

<10 900 valley

(SRR RIS SAr e | [TRECR R PR N | F R R R R R Ry SR SR
R R e e e S S Sl | [T TR T R R R e R R A A A T R S I R PR
Wk R R R e e e ko Rl W oW w oW e | s s e e W ow W s R
W R e ke e e e ka e W w e W ke W e W s W oW W oWw
Wow oWk W e = e ko R le B s W e e ow oWl e W oW W s R
Wowowww koW w|e ks e R wwws B[ B s & NN
B e W ke bt s e e wwoww R @ @ n e &
R S ST RN TR R TR TR Y | [T RV, BT R ST, I SN S S T N | EYRE- R BT R - BT T B -
[ T, Y I S N S S S N | R L R R R RV BT RET | | BN Y. VY. . - W - ]

4.3.5 Water regime

The water regime is shaped by the climatic component (climatic water balance) and the soil acting as
buffer (in form of the Available Soil Water Storage Capacity, (AWC) (Allen et al. 1998).

The Climatic Water Balan¢EWB) was calculated for given time periods based on data from precip
tation (P, in mm) and potential evapotranspiration f&Tn mm). (Allen et al. 1998):

CWB = PET

Precipitation data are available from climatic stations. For specific sample fgiey have to bed:

justed in a similar way as it was mentioned for the temperature data. It should be mentioned, that an
exclusion of uncertain precipitation data does not provide a solution, because they are essential for
the water balance.

Evaporationis normally included as potential evapotranspiration, (g TAllen et al. 1998). It depends
from many factors; because most parameters are not available for each plot, the most complete
formula to calculate evapotranspiration, the physical Penfviomtheith-formula, cannot be applied.
Instead of that the simplified approach based on Turc’s method which includes air temperature and
solar irradiation (Turc 1963) can be used (also in this project):
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ETpotu= 0,013*(Tve Tavet 15)*(Rs+50)
Tae = average tempetture CC), Rs = solar insolation (g calori.fgm
< r fraSyd KSIFG 2F GFLRNRAFGAZ2Y
Solar insolation was calculated following Frank & Lee (1966).

Available Soil Water Storage Capacity (AWC) was calculated from texture, stone content and soil
depth, following Arbeitskreis Standortskartierungn der Arbeitsgemeinschaft Forsteinrichtung
(2016):

AW Gorizon= (AWGp * (1-stone.c[%]/100)) * depth [dm]
AVchrofile = AW(I:rorizon_nl"' AWGorizon_nZ"' AW@)rizon_n

4.3.6 Temperature regime

Temperature has two functions: (1) It limits the vegetation period, low temperatures can cause frost
damage. (2) Temperature is related to water loss by evapotranspiration.

Plant growth depends from the temperature regime of a site during the course of the lyear.
temperature can cause chilling effects (for tropical plants), frost damage (including frost drought) at
tree lines. Therefore for site classification, absolut@imum temperatures, length and severity of
winter period are important.

High temperatureresults in a decrease of photosynthesis and an increase heat respiration and finally
death. Additionally, high temperature leads to increased evapotranspiration wiginhcause shor

age of water supply, drought stress and beyond the wilting point of a plant finally its deatle-Ther
fore for site classification, absolute maximum temperatures, and length and severity of periods with
high temperatures are important.

Optimumtemperature for photosynthesis and growth is speesgecific, in the majority of plants it
ranges between 5 and 3. At the climatic tree lines it seems that not photosynthesis, but plant
growth limits growth: Growing season air temperature at the tree line is ca. 6.6 °C (Hoch & Kodrner
2012, Korner 2003). Therefore for site classification, the length of vegetatidodpie an important
factor for plant growth.

For optimum plant growth, the temperature sum during the vegetation period may be a relevant
indicator. Example: Under continental climate, tree line is higher because of less cloud cover, higher
irradiation,therefore warmer days (Ellenberg & Leuschner 2011).

For practical applications, the temperature patterns for each sample plots can be modeled by using
the data of the nearby climatic stations, and interpolations, e.g. by geostatistical methods (Samaras
et al. 2014). If only one climatic station is available, linear extrapolation using known elevational
temperature lapse rates can be performed.

4.3.7 Nutrient regime

Nutrient regime is crucial for plant growth and is driven by chemical anadh®Bmical processeis
soils. Data available to characterize the nutrient regime are

A soilmap of Montenegro (1:50.000)
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A pH values in different soil depth (field survey data)

A vegetation survey data (field survey data)

Estimators to classify nutrient regime are:

A Trophic level

A pHvalues in different soil depth

A parent material of the soil map 1:50.000

Trophic data were derived from the pH values ({®@Hof soil horizons which were measured during

the field work. The pHB | £ dzZS& @SNB NBf I G6SR (2 (K3I daNB&E 3 6 a 16 th deddn
Six trophic classes were defined ($e8gure26).

Nutrient -Base saturation derived from pH-value

regime

-pH
v

0 nodata
1 pH entire profile =>6.5 base-rich
2 pH topsoil <6.5 subsoil (< 6 dm) >6.5 deep base-rich
3 pH topsoil »5-<6.5 subsoil {<6dm) 5-6.5 base-rich
4 pH topsoil <5 subsoil (< 6 dm) 5-6.5 deep base-rich
5 pH topsoil >5-<6.5 subsoil{<6dm) <5 shallow base-rich
6 pH entire profile <5 base poor

Figure26. Nutrient regime

4.3.8 Decision matrix to classifite nutrient regime

The decision matrix to classify the nutrient regime is showhahle9 and the classification matrix
for base saturation is presésd in Figure27.

Table9: Decision matrix to classify the nutrient regime

Classes Properties

Parent material &oil map

0 NA
1 high: baserich (e.g. limestone)
2 intermediate:  basepoor (e.qg. silt)
to baserich
3 low: basepoor (e.g. weathered

sandstone)
Base delivery potential for horizons
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0 no horizon with > 25 % stone content for base rich parent material or > 50 stone conten
base poomparent material

1 high: base rich parent material, stone content > 25 % (e.g. limestone)
2 intermediate: basepoor to baserich parent material, stone content > 50 % (e.qg. silt)
3 low : basepoor parent material, stone content > 50 % (e.g. weathesaadstone)
pH value for different depth intervals
0 NA topsoil pH value  subsoil pH value
1 entire profile =>6.5 base rch
2 topsoll <6.5 >6.5 deep base rich
3 entire profile 5-6.5 base rch
4 topsoil <5 5-6.5 deep base gh
5 topsoil 5-6.5 <5 shallow base c¢h
6 entire profile <5 base poor
Trophic level based on vegetation survey
0 NA
1 Eutrophic
2 Mesotrophic
3 Oligotrophic
coarse >50%
fraktion | <50% alkanality of bedrock
pH class high medium less
1 rich rich "c_h- "c-h-
medium | medium
2 rich- rich- rich- medium
medium | medium | medium
3 medium ”c_h_ medium | medium
medium
4 medium | medium | medium medium
poor
medium . medium 1 medium -
5 medium
poor poor poor
medium { medium -
6 poor poor
poor poor

Figure27. Classification matrix for base saturation

4.3.9 Classification of parent material classes of thems@ip 1:50.000

Tablel0 shows the classification of the parent material classéh respect to trophyof the soil map
1:50.000 as used in FoSiM for Montenegro

TablelO. Classificatiomf the parent material classes of the smiap 1:50.000

GEO_ENG Baseclassification km?2
Alkaline igneous rocks 1 342
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Andesits

Carbonate (drobine)

Carbonatesilicate

Clay

Clay to ilite

Conglomerates

Diabase

Dolimites to hard limestones and dolomites
Dolomites

Flysh

Gravel

Gravel, conglomerates

Hard limestones and dolomite

Hard limestones and dolomites to dolimtes

Hard limestones and dolomites to hornstones

Hard limestones and dolomites; gravell
Hard limestones and dolomites; marl
Hornstone

lllite

lllite, clay

Illite, marl

lllite-sandstone

Keratophyre

Marl

Marl to conglomerate

Marl to hardlimestones and dolomites
Metamorph

Mixed carbonate rocks

Pliocene formation

Quartzite

Relict tera rossa

Sandstone

Sandstone, gravel

Sandstone, shisht, (glinci)
Sandstone, shist

Sandstonestone clay

Schist

Serpentin to hard limestones and dolomites
Serpentines

Soft limestones

Soft limestones to gravel

Standstone, stone clay
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40
292
1.253
0,3
27
11
22
82
110
979
174
1,7
8.424
88
44
1,4
2,3
10
2,0
16
32
38
0,7
68
7,5
151
0,1
11
7,0
45
80
1.183
19
62
222
8,1
753
2,2
0,3
225
1,9
0,2



(Empty) 0 1.280
Summary 16.116

4.4 Method development llIClassification of forest types

4.4.1 Relevance

Until now, the knowledge of the vegetation types of Montenegro is incomplete, and their site d
mands and distribution limits under natural conditions is poor. Montenegro has aldstigg land

use history, which iituenced the species composition, the community structure, of species amnd ve
etation units and their distribution limits under natural conditions, i.e. under exclusion of human
influence. The existing maps of tpetential natural forest vegetatioare gereral andof low preg-

sion, the distribution limits often follow topographical contour lines (Bohn et al. 2003; Horvat et al.
1974).

Montenegro in future will need a transparent and complete compilation of habitats, quantifyieg cla
sification and mapping dbrest sites, and sciendeased relation of tree species to sites. This basic
knowledge will necessary for international reporting, nature conservation, aneadapted forest
management and timber production. Because of these demands, a method waopeddbr to
provide a comprehensive description and mapping of actual existing vegetation patterns, of the sites,
and of the pnV occurring under natural conditions. Such information also provides the basedfor mo
elling future climate scenarios (Hickleradt 2012).

Based on the methods for a critefissed plot selection, and a conceptual framework to record-rel
vant site information for the temperature, water and nutrient regime, the vegetation parameters
were recorded, and combined with the site infornuat.

4.4.2 Vegetation analysis: Classification and ordination of forest types

Two case study regions were selectady’ F2N)Y 2F (KS Gg2 F2NBaAdG YIyl 3¢
(by MilanGazdd | YR a~0A (2 @#)EIn tihededwo StOLR @dioyfs, thee erdudcies-

tics and the forest vegetation were inventoried.

¢tKS &d2Ata O2ddZ R 0SS OKIFNIOGSNAT SR olFlaSR 2y CdzOGA®G
Only few existing climatic stations provided climatic reference data for the calculation of the local
climate of each sample plot. Because of the complex mountain topography with windward end le

ward sides, big differences between the few available climatic stations can be recognized. Therefore

the macroclimatic most similar station was used as referen@q(folje for Bjelasica; NiksF 2 NJ ~

tovo), having different lapse rates for temperature and precipitation. For the precipitation rates it

must be assumed, that they increase in relating to altitude. Data of the precipitation gradients were

not available Therefore existing knowledge from adjacent countries, mainly from Serbia, was used
barf2al Ot 2SPABE MpyyOY aShadNBR G(SYLSNI (dNBE RE
model the regional variability including elevational differences. Theseillatiins were based on a
temperature lapse rates of 0,6% (in summer and spring), 0,52 (in autumn) and 0,35C (in win-

GSNL LISNIwmnn Y FfGA0GdzZRS darfz2al gt 2SOA06 mMpyyL d

The actual distribution patterns of the forest trees were related to the relevaetfsittors. Thea-

sults illustrate how the scientific base could be provided to construct the ecological limits of the most
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important tree species and the related forest types. Other initially planned applications, including the
analysis of site suitabilitgnd productivity, could not be performed.

4.4.3 Construction opotential natural forest vegetation

The potential natural distribution of the dominant tree species, and related with them the forest
communities, was derived from analyses of the actual distitbuof the tree species. The following
assumptions were made:

The climax tree species beedrafus sylvatigaand Fir Abies alba are not limited by competition
through other tree species, but by abiotic site factors (Ellent@erd Leuschner 2010). Thislaws
direct conclusions with respect to their ecological niches under natural conditions.

Lightdemanding tree species, namely pinéanus heldreichiiand other pioneers, are limited by
competition of shadecreating canopy trees, and not by abiotic didéetors, at least locally or in the
region. On sites where beech and fir can grow hdgatnanding tree species can occur as pioneers
after disturbance (e.,g., fire, clearcut); in the climax forest they can be a minor species, or completely
absent.

The tree species distribution as most important component ofghtential natural forest vegetation
was related to the most important site factors, and the potential distribution was constructed based
on these ecological assumptions described before.

4.5 Site productivity and species suitability assessment

The assessment of site productivity in the DBU project was envisaged as one of the working activities
of both the WP 1 andNP 2. Few factors influenced the delay of this working activity. A manifold of
chalenges resultingrom the organization of project activities at the beginning of the projecuinfl
enced the late start for this analysis. Furthermore, there was a certain delay of the necessary data
deliveryand a countrywide Dgital Elevation Model, which causedate start of this analysis, which

is still ongoing. The site productivity and site suitability assessniemlontenegro is being carried

out within one of the doctoral theses within the project, which has an ovaiall to identify from
existing literature the decisiemaking criteria for tree species selection suitable to the site, te-cat
gorize them and to identify their priorities. The output is a set of recommendations for tree species
selection suitable to the &, also according to the priorizition of forest functions. In a second stage,
the aim is to demonstrate the implementation of the identified decisinaking criteria through the
example of Montenegro. This will be done through (a) analysis of tree spsmitgmance in red-

tion to site conditions and ecological thresholds within the recognized deeisaking criteria; and

(b) analysis of tree species distribution under current and climate change conditions andpdevelo
ment of a scientific basis for reconamdation of tree species selection suitable to the site fomMo
tenegro

The following data available from the project will be prospectively used for this study:

2 The assessment of site productivity and site suitability is carried out within the dissertation of the doctoral candidate Sfsikova.
The analyses of this thesis will be carried out on the entire area of Montenegro. The doctoral theses of SrdjandPejdMilan Gazdic
SyO2YLJl aa +tylteasSa 2F aAiGsS O2yRAGAZYy&a F2N) GKS (g2 GSad INBLa Ay
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A Climatic data (temperature, precipitation) for estimating growing zones and climatic water ba
ance; climate projections for Montenegro for simulating future distribution of tree species

A Digital Elevation Model (DEM) for the description of topography and estimation of erergy r
sources, like solar radiation and correction of the estimated climatiemtzdlance.

A Geological and soil data to estimate nutrient availability and site productivity

Vegetation and forest inventory data about tree species occurrence and distribution, available from
the Forest Management Plans (FMP) and the National Foresttorye(NFI).

4.6 Case studies: Regionalization of site characteristics

All data from the field survey have to be regionalized to produce the final forest site map. The basis
for the regionalization are the precipitation in summer (RRWarm), total insolationlardform
units.

4.6.1 Water balance level

In a first step the AWC values determined after the field survey using the transfer functions were
transformed into WBL value$ablel1shows the results for Bjelasica,

Tablel2F 2 NJ ~(iA(202d ¢KS YSRAlFLY O0FAStRA YImIn®R Ay 3N
ence of outliers.

Tablell: Frequency of the WBL classes in Bielscia in relation to RRwarm, landform unit [Geom] and
total insolation [TI]

Ti=1 Ti=2 Ti=3

Rrwarm|Geom| 1 | 2 | 3 | 4 [ 5 [ 6 | 7 [sum| 1 | 2 [ 3 [ a5 [ 6] 7 [sum[ 1 [ 2] 3] a5 ] 6] 7 [sum total
200 1 1 2 2
300 2 2 1 1 3 101 1| 3 g
400 1 1 101 11 4 5
2 560 11 . a 1 20 2[5 12 3 1| 7 16
T 564 101 23 1 1|5 178 1 1] s 2 1| 3 18
8 700 1 2 3 2 2 1 1 1| = g
740 1 s 1 = 2 1 1 | 4 | 101 2 | 4 13
200 1 |2 EN 1 2 [ 3| 2 g
300 2 1 1 4 1 1 5
sum [1 [ 6 Jww][ 9 [3]1][30 [ [ 6 [ s [a]afs3]o3s [ [ [ 6 [ 7] 6| 6 [2a] s3

Rrwarm Geom | 1 | 2 | 3 | a4 | 5 | 6 | 7 |sum|[ 1 | 2 | 3 | [ s T 6] 7 sum[ 2 [ 23] a]s[s] 7 [sum
200 ] 1 1 1]
300] 1 1 ] 1 1 2 3
00 1 1 2 P
g 560 3 20 1 6 |2 1AW 2z 1 7 1 1 02 e 18
P seal 1 2 1 1 1 6 | 1 1 i1 1| s 2 1| 3 14
ot 700 11 [ 1 | 5 | 3 N 2 1 4 12
740 2 | 2 | 1 121 1 1 3 7
200 1|2 3 1 2 z | 1 1 1|z 9
s00] 1 il 1 3 1 il 1] s 1 4 2 3
sum | 3 [ 3 [ 7 [w ][ 2 [ 1] % | 3 [ 3 [ 6] 2] af2]323[2]1]9[3]6]1]3 2]
total 3] a 13| a0 n[ 4] af se[ 3] [ wa o] s 6] 6] as[ o[ 4] 13 o] a3l 7 o s3] 1s7

Table12. Frequency of the WBL classes-itii A inZefaon to RRwarm, landform unit [Geom] and
total insolation [TI]
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Ti=1 Ti=2 Ti=3 total
Geom| 3 [ a [ 5] 6 [ 7] 9 [sum| 3] a5 [6]7[s[sum|2[[3]a]s][s6] 7] s [sum

200 1 [1 1 3

300 1 1 3 1 4 s
400 11 2 2 70 2 1 10| 14
560 1 1 2 a1 6 16 13 7 21 39| 47
564 1 1 2 | 2 1 a T30 1 4 10
700 1 [ 2 3 3 7 105 6 2 1 S
704 | 1 1 2 1 1 1 72 3] 6
800 1 2 a a 6 | 5 1 12] 18
804 11 2 1 1 1 1] a
900 1 1 2 1 1 3 | 3 6 o
total 1| 5] 6] s 2] 1| 17l 2] 4] 3] s[ a1l e8] 1] 34| 29| 18] [ 5] 2] 106 129

In the case of insufficient sample sizes to determine the median the total insolation was skipped in
the analysis. A final classification table can be extracted which can be jartéd polygons of the
concept mapTablel3andTablel4a K 2 &
GKS NBIA2YyI AT SR 2

Figure29a K 2 ¢

Tablel3. Transfer table of WBL, Bjelasica

Geom | Ti=1 | Ti=2 | Ti=3

300-450

200

3

5

5

300

400

560

564

700

740

800

900

450-600

200

300

400

560

564

700

740

800

900
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Tableld. ¢ NI YA FSNJ Gl ot S 27

Geom | Ti=1 | Ti=2 | Ti=3

200

4

4

3

300

400

560

564

700

704

800

804

900

=0 LI R A T I S R I

[0 I U T I S W O I

Ln(en (e jun | e fpd [ (R |

2 [ %

~dAG202

Water Balance Level in Bjelascia

1:65.000

WBL Bjelascia
Water Balance Level
s
s

4
B :
N :

Figure28. WBL in Bilasca
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Water Balance Level in Stitovo A

1:50.000

Legend

WBL Stitovo
Water Balance Level
B s
B s
4
| K
B :

Figure29® 2 . [ Ay ~0GAG202
4.6.2 Nutrient regime

To regionalize the base saturation information of the soil map as well as the landformisurgts
quired(Tablel5).
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Tablel5. Frequency of the base saturation classes in relation to landform unit and parent material
Bielscia [ri = rich,#ihe = rich to medium, med = mediumpoor = poor]

Geo |GEOM |rich |ri-me |r‘ned |me-|::|c||pnnr Total
200 1
300 2 1 2
400 1 1
560 1 3 5 1 6 16
" 564 2 3 6 2 13
= 700 2 2 1 3 3
740 2 3 5
800 4 2 6
900 3 1 a
Summe 3 10 25 3 17 a0
200 1 1
300 1 1 2
400 1 1
560 a 2 6
< 564 6 1 7
o 700 1 a 1 6
740 1 5 6
800 5 5
900 3 3
summe 2 28 1 ] 37
200 1 1
300 3 1 4
400 2 2 4
560 6 6 12
= 564 1 3 6 2 12
w 700 3 3 6
740 1 7 1 9
800 4 2 6
900 2 3 1 6
summe a4 32 14 10 a0
Total | sl 18] 85| 20| 33] 157

The final site map is a result of an overlay of the WBL and base saturgionalization Additiond-
ly, a temperature layer is added to account for differences in growing zones. The final results are
shown inFigure30 and Figure31 for Bjelasica an@figure32andFigure33F 2 NJ ~ A (12 @2 @
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Site classification map of Bjelascia

Legend

site_class

I rodata - ary

I rodata - mod. dry

I nodata - mod. fresh

[ nodata - rather fresh

I medium-poor - dry

[ medium-poor - mod. dry

1 medium-poor - mod. fresh
medium-poor - rather fresh

I medium - ary

[ medium - mod. dry

~ medium - mod. fresh

medium - rather fresh

Figure30. Sitemap of Bjelasica

Site map with Growing Zones in Bjelascia A

Legend

B1101_Hoehenzonen_1

Zone

[=—]> 1900

[[TTTT] kryomed

[ altimed

[I]II] oromed

I:I supramed

site_class

- nodata - dry

I rodata - mod. dry

[0 nodata - mod. fresh

1 nodata - rather fresh

- ‘medium-poor - dry

- ‘medium-poor - mod. dry

- medium-poor - mod. fresh
‘medium-poor - rather fresh

- medium - dry

| medium- mod. dry

.~ medium- mod. fresh
medium - rather fresh

Figure31. Sitemap of Bjelasica with growing zones
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Site classification map of Stitovo

Legend
M2_Geom_1_

I rich-medium

I rich-medium -

- nich-medium
- rich-medium

rich-medium

1:50.000

- very dry
dry

- mod. dry
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4.7 Casestudies: Regionalization of forest types

4.7.1 Actualforest flora

The sampling provided an overview of the actual vegetation. The actual vegetation and site factors
were sampled o161 plots in MU Bjelasica ad@0 plotsh y a ! . +niolalitrey@cdntainedea-
ly 200vascular plant taxachapterl10, Appendix 3).

4.7.2 Actual distribution of tree species

4.7.2.1 MU Bjelasica

The actual distribution of the main tregpecies beech, fir, and Hop hornbea@sfrya carpinifolia

was related to the actual site conditions. Based on the complete species compaosition, forest types
could be described.

Theclimatic water balanceof sample plots in Bijelasica was mainly influenbgdlevation (models

of precipitation and temperature follow elevation) and elevation combined with exposition arid incl
nation (= irradiation) (potential evapotranspiration after Turc 1961). It could be shown, that

A beech is able to grow on all sitdsigure34)

fir is absent when precipitation is less than 900 mm per yegue35)

A spruce can become dominant when precipitation exceeds 1400 mm per year, i.e., in high alt
tudes. It is absent on plots with precipitation <900 mm per yEagure36)

A Hop hornbeam@strya carpinifoliapccurs on plots with low precipitation (< 1200 mm per/year)
combined with high evapotranspiration (< 3,5 mm/per day daring the y&agu(e37).

>

A
ETref Bielasi = | )
mm/day jelaSICa Fagussy vatica
° a Cover:
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5 e 5%
®3,75%
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3 ®87,50%
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P
2 ' ' ' ' . mm/year
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Figure34. Occurrence and coverage of Fagus sylvatica in relation to potential evapotranspiration
(ETref) and precipitatian
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Figure35. Occurrence and coverage Abies alban relation to potential evapotranspiration (ETref)
and precipitation.
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Figure36. Occurrence and coverage Bicea abie# relation to potential evapotranspiration (ETref)
and precipitation.
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Figure37. Occurrence and coverage Obtrya carpinifolidan relation to potential evapotranspiration
(ETref) and precipitation

The climatic water balands modified by the soil water storage capacity. This interacts with ke cl
matic water balance. For the occurrence of fir could be shdvigufe35), that (1) increased positive
climatic water balance is related to increased cover of fir in the canopy; above an annual climatic
water balance of 600 mm, fir can become a dominant tree gsedR) fir is absent on shallow soils
combined with low climatic water balance, i.e., dry sites; (3) fir is absent on many plots which are
within the ecological envelope of fir. That means, that human influence must have removed fir from
these stands. Thebear the potential for fir under natural conditions, but also under improved silv
cultural management.
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The actual distribution of the main tree species beech, fir, Balkan Pinaq heldreichiivas related

to the actual site conditions.

The climatic water balance of samgléf 2 Ga Ay ~0AG202 6l a YIAyte AyTFf
precipitation and temperature follow mainly elevation) and elevation combined with exposition and
inclination (= irradiation) for the calculation of the potential evapotranspiration after TL®61). It

could be shown, that

A High evapotranspiration and shallow soil limit beech (and fir), therefore creating the spatial niche
for the lightdemandingPinus heldreich{Figure39)

A Pinus heldreichis not limited by lack of water, but excluded by competition. On moist sites,
beech and fir would predominate, b&inus heldreichidan also grow, if the shad®eating dmax
species are removed after severe distrubance, e.g., logging oFigeré40). That means in in the
climax forest Balkan Pine can be only a miwecies (temporal successional relict species), or
completely absent.
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factor water, but excluded by competitio@n moist sites it can be a temporal component in form of

a successional relict species.
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4.7.3 Actualforest types

4.7.3.1 MU Bjelasica

The actual flora and vegetation of Bjelasica was described based on 161 sample plots (relevés and
site factors). From 13 (representative soil profiles) sample plots physical and chemical soil properties
were analyzed The forests are commerciptoduction forests which means extraction of firewood

and timber.

C2tfft26Ay3 GKS {SNBAlLY OflFaaArAFTAOIGAZY O0¢2YADSX HAN
1. Abieti-Fagenion moesiacae

General characteristics of the habitat

A Elevation: 800 to 1800 m:

Meanannual temperature: 8°C (year), 1414°C (vegetation period);

Mean annual precipitation: 1162800 mm (per year);

Soil: deep, acidic, brown soils, pH-%,5 (in water);

> > > >

Floristic compositionFagus sylvatica, Abies alba, Picea abies, Acer pseudoplaBorbsis aud-

paria, Lonicera nigra, Mycelis muralis, Galium odoratum, Aremonia agrimonioides, Fragaria vesca,
Rubus hirtus, Epilobium montanum, Geranium robertianum, Dryopterigfiix Prenanthes pu

purea, Viola reichenbachiana, Oxalis acetosella, Athyfilixfemina, Daphne blagayana, Ame

one nemorosa, Galium rotundifolium, Lamium galeobdolon, Veronica officinalis, Allium ursinum.

N

LuzuleFagenion moesiacae

Elevation _: 80600 m;

Slope: 26-40°;

Soil: shallow, very acidic soil with a low pH values;

> > > >

Floristic compositiontuzula luzuloides, Fagus moesiaca, Veronica officinalis, Mycelis muralis,
Festuca drymeia, Viola reichenbachiana, Dryopterignidiz, Galium odoratum

Fagenion sylvaticae submontanum
Elevation: 50a.300m;
Soil: brown soil on silate parent material;

> > W

Floristic compositionFagus sylvatica, Carpinus betulus, Prunus avium, Acer campestre, Acer
pseudoplatanus, Corylus avellana, Pyrus pyraster, Sambucus nigra, Rosa sp., Fragaria vesca, Rubus
hirtus, Dryopteris filsnmas, Mycelis murai Allium ursinum, Hedera helix, Geranium robertianum,

Geum urbanum, Poa nemoralis, Helleborus odorus, Athyriudfefiina, Anemone nemorosa.

Ostryo-Fagenion moesiacae
Elevation: 85a.000 m;

Soil: shallow;

Slope: steep.

B B > A

Floristic compositionOstrya capinifolia, Fagus sylvatica, Quercus petraea, Q. cerris, Lonicera
nigra, Sesleria rigida, Sesleria argentea, Veronica officinalis, Vaccinium myrtillus
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Three vegetation types were identified, based on the dominating tree species: Beech forest
OaCl 3Shdzy Y2y il ydzyé o gKAOK Ay OffuzRigd forast) PineMa ¢ A (0 K
Saild odat AySihdzy KSE{YRNBAGHAX OTSRNRS MMy $AIA Yy S Wdzy A LI
nanaeintermediae).

Fagetum montanum(51 plots)

Widespread, typh OF f & LISOASA Ay Hinifdrest® wkaeFagus Shatica, PrgnBnthesS S O K
purpurea, Anemone nemorosa, Dryopterisitias, Epilobium angustifolium, Lamium galeobdolon,
Veronica urticifolia, Veronica officinalis, Viola reichenbachiana, Epiiabiontanum.

Pinetum heldreichii mediterraneanontanum (37 plots)

The pine tree specieBinus heldreichiChrist can be regarded as a Tertiary relict and subendemic

species of the western part of the Balkan Peninsula. The community dominated by thé twede-

ALINBIFR Ay GKS Y2dzyilAya | NRdzy R b ARin&tdnOheldreichiiA (1 2 @2 X
mediterraneeY 2 Y (i I y dzY T 2 NJré éxposed tp stronij antheo@hgenic pressures including

fire.

Wided LINB I RZ (& LA Ot (it tdrePihug heldielclii 2J@hberusihafds DianthisS &
petraeus, Sorbus aria, Hieracium_sp, Hieracium tomentosum, Arctostaphylagsyv®otentilla

erecta, Coronilla coronata, Asperula scutellaris, Galium lucidum, Gentiana asclepiadea, Hieracium
pavichii Veratrum album.

¢t26FNRa SlFad GKSNB A& F 3INFRdzZrf OGNIXyardazy G2 0
Komova and Prokletija regian. t &d[Al6] dz@® 6 ™ ¢

Juniperetum nanaentermediae shrubland (22 plots)

The vegetation with mountaifuniper Juniperetum nanaimtermediag occurs at high altitudes in

the subalpine zone from Slovenia to Macedonia and Montenegro. This vegetation type was-first d

scribed under the name Juniperetum narkie/ § SNY SRA IS O0W2 G y2 A ®led mdpp o U «
at high altitudes between 1500 and 2100 m a.s.l..

Wided LINBIF R (e LA OLt GFEI 2F GKAA& & dzodurfipedisyhdha, & K NHzo f
Lonicera formanekiana, Potentilla erecta, Hieracium_sp, Hieracium tomentosum, Sorbus ari&, Coroni

la wronata, Asperula stellaris, Galium lucidumyeratrum album.
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Figure4l Distribution of beechand pineR2 YA Yl G SR FT2NBald GeLlsSa Ay a] -~
and Precipitation. It seems that under higher precipitation pine is not occurring (outcompeted by
beech). The large range of the site factors precipitation and potential evapotranspiration indicates,

that soil water storage capacity (AWC) is another @heactor.

4.7.4 Application of method to construct thegotential naturalforestvegetation

The information of the actual distribution of a certain species, e.g., a tree species, and the#-site p
rameters (on sample plots) allows us to identifyptsysiological and ecological amplitude, and the
limits of its occurrence. If forest inventory data would be available, additional conclusions could be
drawn of their growth and production potential. In a similar way, the description and mapping of
plant canmunities, e.g., forest types, could be performed by relating the forest type identified for a
nearnatural sample plot with the site data.

4.7.4.1 Potential natural distribution of tree species

From the actual distribution of selected tree species, conclusiansbe drawn with respect to their
200dZNNBYy OS dzy RSNJ LR GSYGAlLf yIF0dz2NI £ O2yRAUGAZYAEAD C
be shown, that within these management units clear ecological limits for the tree species can be
detected. It could beshown, that

A The climax tree species beedRagus sylvatideand Fir Abies albyare not limited by competition
through other tree species, but by abiotic site factdEfignberg and.euschner 2010). This allows
direct conclusions with respect to their@ogical niches under natural conditions.

A Lightdemanding tree species, namely pin®nus heldreichiiand other pioneers, are limited by
competition of shadecreating canopy trees, and not by abiotic site factors, at least locally or in
the region. Onites where beech and fir can grow ligtitmanding tree species can occur as-pi
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neers after disturbance (e.,g., fire, clearcut); in the climax forest they can be a minor species, or
completely absent.

A High evapotranspiration and shallow soil limit beechd(&in), therefore creating the spatial niche
forthe lightRS Y| yRAY 3 { NRBw&addrekhfi ~GA G2 02

Because these findings derive from case studies designed for a method development, they need to

be confirmed and enlarged by further studies. Basedhanexisting knowledge of these tree species,

more site factors and their interrelation in form of indices have to be included in the analyses.

4.7.4.2 Potential natural distribution of forest types

The construction of the potential natural distribution of therdést types needs the identification of
the existing forest type and the relevant site factors for each sample plot.

Forest types can depend from the influence of the tree species composition, which could be man
made. An example: The ground flora undamanmade oak or spruce forest which replaces pote
tial natural beech forest is very different (different influences of the canopy).

Therefore construction of the potential natural model of the occurrence of the tree species is the
first crucial step forhe construction of the pnV, because the tree species have a strong influence of
the complete species composition. Sample plots assessed to benaganal have the function to act

as reference for vegetatiosite-relationships, identifying the plant commiy limits in form of
thresholds for abiotic site factors, and finally mapping.

4.7.4.3 Conclusion

For other regions under different climatic conditions the limiting site factors can changen-or i
stance, drought may limit beech at low elevation, and temperatetated factors at its upper limit.

This affords separate analyses for the actual tree limits under the regional different climate (and soil)
conditions. A stepwise procedure can be recommended:

A Identification of existing ecological limits of tree spec@stjmally under neanatural conditions
A Quantification of these limits in form of formulas describing the relation between the site factors

A Using thematic maps of site factors to relate them to the detected ecological limits of the tree
species.

A The constuction of the model of the pnV of the plant communities (forest types) principaly fo
lows the same procedure.

4.8 Work package 8 Forest Ecological Gdatabase (FEGDB)

4.8.1 Background and objectives

The concept behind the development off@rest ecological geodatabag€EGDB) is based on the
idea of collecting all information that are relevant for Forestry, Ecology and Nature Protection in one
place allowing an easy access and analysis for the decision making in forest managemennand as i
formation for the environmental sector and an environmental monitoring.

Currently basic ecological information as exact soil maps, forest site maps and vegetation data are
not existing. Data on biodiversity, endangered species, habitats, wildlife andenptotection is
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spread out in different institutions or organization, making their utilization very time and effort co
suming.

Making all of the data available through one single database would allow each institution to use it
whenever needed. For the Fatey sector access to data from the environmental and nature mrote

tion sector (such as habitats of endangered species, protected areas, biotopes etc.) are crucial for a
modern sustainable forest management.

One other benefit of such a web based databasglatform is that it provides a very easy approach

for sharing forestry and nature protection relevant information with the public. With the proper user
rights management and techniques it allows to collect and update the information from the itteres

ed public, NGOs, associations or any related governmental body, for example sightings of rare and
endangered species. This information can then be directly saved in a central database and shared
between all related institutions.

During the kicloff workshop (8.11.2013) the concept for achieving this goal was presented and
accepted from all partners. It includes the following work steps:

1 Work step 1: Evaluation of the current status regarding forestry and environment related geo
data (already described in chagtd.1.1)

1 Work step 2: Assessment of GIS standards and web based geodatabases in the foresi-and env
ronmental sector

1 Work step 3: Design and devploent of a prototype for aforest ecological geodatabase
0C9D5. 0vd

4.8.2 Work step 2: Assessment GiS standards and web based databases

All partner institutions were visited and interviewed about the existence, design and content of Gl
systems respectivepgtial databases.

A Real Estate Agency: Desktop GIS is one of the main tools for the daily work. A central-file data
storage exists which enables sharing of certain data types, but the data content is not related to
forestry and environment.

A Ministry of Agiculture and Rural Development (MARD): The use of GIS is integral part of certain
work processes for example in Forest Management Planning or Operational Planning. However
the GIS is used decentralized on individual work stations. There is a centraskataintaining
information on forest management planning, which however is not on a server, and cannot be
accessed by all relevant user remotely (like Forest district offices, MARD or the Forest Admi
istration headquarter).

A Ministry of sustainable developamt and tourism (MSDT): Only a few work stations equipped
with GIS exist. There is no central database and no central retrieval systems using spatial data.

A Institute for Hydrometeorology and Seismology (HMZCG): GIS and remote sensing software is
availableand used within the institute as one of their basic tools. However as the institute is not
dealing with the respective topics, spatial data on biodiversity, nature conservation or forestry
are not existing. A welslS is not existing.

A Environmental Proteatin Agency (EPAM): Individual GIS workstations are available at the age
cy. There is @ central gedatabase with forest, vegetation or biodiversity information.

The survey showed:
A GIS workstations are available in each institution, but as individual desk&iems.
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A With exception of REA and HMZCG the partners do not manage data in central geodatabases.

A Forest Management Plans are available in one database, but without link to spatial entities
(FMU, Compartment, SeBompartments, Forest roads)

A A centralgeodatabase with forestry or nature protection related data is qget ¢ available in
MARD or MSDT

A Data sharing between Ministries and institutes is not possible.

A Data access for the public is not possible

4.8.3 Work Step 3: Design and development gfratotype for a Forest Ecological

Gedalatabase (FEGDB)

There was and is no centrg¢odatabasen MARD, the Forest Administration or MSDT BBAM. As
conseqguence a prototype of a wdlased FEGDB using open source products was developed. It shall
serve as a first framework and a shoase of a future integrated geoortal of the Forest Admk
istration or EPAM.

The draft concept for thgeodatabaewas already presented during the kioK workshop in Podgr

rica. The concept and main content has been discussed that time and it was accepted by all partners.

Figure42 shows the main components of the system.
Existing information Results from

Administrative Work Packages 1 and 2

Forestry Input: Map of Potential

Natural Vegetation
Vegetation & Environment

Soil
Input: Forest site map
Hydrology and climate

N2000 sites

Endangered & rare species

Homeranges and Utilization of freely
observations of protected available tools for the

game species and birds server and webgis setup

Qualified user can add
information, observations,
home ranges o a

Figure42. Concept of the Forest Ecolo@godatabaséFEGDB)

4.8.3.1 Information content

As previously described the necessity for suafeadatabases to compile all aailable information

related with forestry, ecology, biodiversity and nature protection. The main data input comes from

the side of both ministries and their forestrgnd environment related institutions in Montenegro.

The second part of the data is projespecific and would be incorporated in tiggodatabaseat the

end of the project. These are the results of the first two work packages, namely the forest site map
and map ofpotential natural forest vegetatiorof the study sites. The datasets of the priyjoe

cC9D5. OFry 06S aSSy F2ftft2¢6Ay3 (GKS €t DPY] LWNBIEFYZHNSR
chapter1l, Appendix4). Moreover the build in datasets are marked in gtepter8, Appendixi.
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4.8.3.2 The Gedatabase

This is the central technical component of the system where all the spatial data are compiled. As a
result of the discussions inside the project and during the-&ftkneeting it was decided that the
system would be based on freelyahable and open source technologies, which would reduce the
implementation costs but allows upgrades and improvements in the future. The decision on which
system thegeodatabasavould be set up, was based on that principle. According to previous iexper
ence and current state of the art technologies, it was decided to use a PostgreSQL database with
PostGIS component. This system provides a relational database which can store all data and with the
PostGIS component it supports spatial data as well.

The benets of the system are as follows:
A Free of license fees

A Provides standard interfaces with most of the standard technologies used for setting up web
based platforms

A Updates of the system do not require a purchase of a new license
A It can be set up on onglace and accessed locally and remotely.

4.8.3.3 Web Interface

The setup of theyeodatabasén PostgreSQL is already a step forward into sharing the data between
the different ministries and institutions. This however does not allow for a simple utilizatioreof th
data, especially for users that are not familiar with databases and GIS.

In order to make the system more user friendly, the data from gleedatabasecan be presented,
visualized and used on a web based system. Such a system allows to present thetHataaitic
maps online, and has a familiar look as nowadays the utilization ofbasbd mapping services
(google maps, open street maps etc.) is wide spread.

A detailed description of the components will be made available to the partners from the Menten
grin institutions, with the intention of building up the system internally at one central place in-Mo
tenegro. Below we shortly give an overview of the key components in the system.

A Geoservecr is a server for sharing spatial data. It provides interopeitghilith a wide selection
of platforms

A Openlayers is an open source library used for displaying map and spatial data on web pla
forms

A Javascript is a programming language used for development of web platforms. In this case it is
used for customizinghe GUI to fit the needs of the users

With the combination of these components the WEINS system provides the following functianal

Storage of all data in one place
Easy access to the data from different places simultaneously

Standardized format of the data

A
A
A Access through a WeBISplatform or directly in GIS as a WMS service
A
A Management of user accounts and rights

A

Possibility to add and edit data
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Ecological information base for sustainable forest management and nature protection Montenegro

WEB-GIS Portal - Montenegro
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Figure43. User interface of the WelBIS platforml) Start page, 2Example with European Veget

tion Map. User can influence what information is combined. Labels can be used or transparency set.
An attribute table can be opened or data of each layer element can be retrieved using the information
button. 3) Two examples foie editing and addition of the database content are implemented. Here
the definition of rare and endangered habitats is presented
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The possibility to add and edit data is a crucial part of the system. This is designed in a way that not
only users fromnside the forestry and environmental sector can add data, but that it can be opened
to the public as well.

It is a two phase process where the user can add point or polygon data (for example: sighting of
brown bear) in a predefined dataset. This inforroatiwill be than saved preliminary and controlled

by an administrator. If this information satisfies the quality criteria it will be added to the central
database and directly made accessible to all users.

Such systems are already functioning for a rangenefronmental and forestry topics. For example,
mapping of lynx habitats in GermanytiQ://luchsmonitoring.luchsprojekiharz.de)) or a wild boar
information systemlttp://www.bayerischerbauernverband.de/9s

The WebGIS was developed and tested in the period prior to the workshop in Podgorica held-on 23.
24.03.2015. During the workshop all functionalities were presented to the paitner

It can be accessed herbttp://83.169.12.98/mne/login.php(Username for guests: guestl123, Bas

word: guest123).

For a first step UNIQUE will host and adstisite the prototype of the gedatabase. Asoon as

MARD and MSDT have decided, how the system shall be used and where the host server and admi
istration can be placed, the system will be moved to this respective institution. Potential institutions
discussed are the Forest Administration or EPAM.

Aa! aSNJ DdZARS F2NJ 6KS 286 DL{ tfFdF2N¥Vé oka RSOS
tached to this report (seehapterll, Appendix 4).

4.9 Work package 4: Concept for the use of the Forest Ecoldgexada-
tabaseas a module the Forest Information System (FIS)

4.9.1 Introduction

There have been two different approaches foreseen in the project outline how the information of the
forest ecological getatabasgFEGDB) can be used.

Approach 1Web Basedorest ecological geodatabag€EGDB), which is freely accessible amd pr
vides interactive user interface

The development of such a WébL { O2 Y LJ2 yi&rgsilecopdicaHIK2SR |6l is debcéibed

in chapter4.8.3The tool is flexible, allows easy access to the Forest Administration, the MARD, pr
vate forest owners, EPAM and the MSDT as well as relevant stakeholder dealing with biodiversity and
nature conservation. However it is not fully integrated in a Forest Information System.

Approach 2 Connecting thdorest ecological geodatabaseda | Y2 Rdz S (2 (GKS ySg
LYF2NXIOGA2y {2adSY o6CL{vé¢® ¢ I NHySniegrated intih FI§ G K S
and accessible from inside the system and not only via a separate website.

The task here was to draft a concept how the FEGDB can be integrated in the Forest Information
system.

The concept work was planned in the following thrésps:
A Work step 1: Assessment of the FIS and the status of development and implementation

A Work step 2: Assessment of the technical concept and design of the FIS for the existing comp
nents
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A Work step 3: Proposal of a concept to connect FEGDB as a modueFits

One important deviation from the planned steps 2 and step 3 was necessary as the survey under step
1 (see chapten.9.2 showed that the @nned new FIS is far away from being implemented. In result

it was concluded to present the connection and integration for a theoretical and ideal design of the
future FIS, that is presented in chap#®.5 Instead of a full concept for the connection and integr

tion a stepwise approach to establish a more comprehensive FIS based on the few existiog comp
nents is presented in chaptdr9.2

4.9.2 Work Step 1: Assessment of the FIS status of development and implament
tion

The relevant partners, Forest Administration and MARD (CMU) have been interviewed in e wor
shop in March 20150tassess the status of development and implementation of the FIS.

A comprehensive FIS was planned and a concept exists, but its implementation process is not fully
developed (timeline, budget, software development, interface development, hardware, adraiist

tion and maintenance structures) and the few existing software modules are not accessible to all
users and not connected. A few but central components are existing:

A C2NBai RIGFOFrasS¥ A{a2 WEASIRNEI 24 lO2bynLamlt S CcaNBaid al )
base with all valid Forest Management plans and nearly 300.000 ha of forest existsAne®4S

database at the Forest Administration and CMU, but is not centrally stored and not centrally

available.
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Figure44. User interface of the software OSNOVA, which allows a utilization for forest sampling i
ventories, forest management planning and as a central forest database

A {2F06FNB FT2NILYGSSYli2NER YR C2NBaid alylr@SYSyid L
larly used to perform the sampling inventory and the stand description during Forest Manag
ment Planning.

% Product of GREFOR, Belgrad
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A Geodata of FMU, Compartments, forest stands are existing out of the forest managemant pla
ning process, but are not managed in a geodatabase. An inteidabe tabular data in the 6-
NOVA system is technically possible but is not established.

2 ,#n

r L - .

Figure45. Forest map in a GIS format: It contains compartment and stand boundaries inside of each
Management unit, forest roads. In additi the location of the forest inventory plots are shown here.

A 514 NBGNRSOIt TNRY b'%Geadatgbastand Sctvieke folanalyzg BS y (1 2 NB Y
results of the National Forest Inventory

* Product of GREENFOR, Belgrad
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Figure46. Retrieval software for the information of the National Forest inventory: Outputs are tables
and maps

A Several other software modules are available mainly from GREENFOR, Belgrade and cauld be pu
chased and incorporated fast:
- Software for operational plarsnd annual budget planning
- {2F06I NB Y2RdzZ S G90ARé¢ F2NJ NBO2NRAyYy3 2F KI NBS
ing or tending
Finally it can be stated that the existing FIS concept is only implemented to a very low extent at the
moment. Therefoe, it is not- yet - possible to define a technical solution for a connection between
FEGDB and the FIS.

4.9.3 Work step 2: Assessment of the technical concept and design of the FIS for the
existing components

As the step 2. Assessment of the technical conespk design of the FIS for the existing components
could only be performed for the few and scattered existing modules of a future FIS, a prot@ype d
sign of a comprehensive, but ideal FIS was presented, which reflects the typical functions iand bus
ness praesses of a state forest administration. The system was used to illustrate where and how the
new information of the FEGDB could be located and retrieved in a future FIS for Montenegro.
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4.9.4 Work step 3: Comprehensive structure of a Forest Information Sykiem
Montenegro

4.9.4.1 The design and technical layout of a modular Forest Information System (FIS)

A modern and comprehensive FIS for a typical public forest administragerit is planned in Mo
tenegrog can mostly not be realized in one software product. $istems are modular and consist

of several software components and databases connected by interfaces with optimally standards for
data exchange. Latter is recently more and more established in the EU countries, but also worldwide
for spatial data. The Eopean spatial data infrastructure (INSPIRE) is template for all weBtdkan

states at the moment (INSPIRATIOBpatial Data Infrastructure in the Western Balkans projest

will also lead to technical standards for spatial data exchange and acligssibi

In this FIS system the different user have access to all components relevant for their daily work and
decision making via one general useterface, which is often build up as wqgortal. Here the ing-
gration of geedata and tabular data is pos$#and leads to a welslSportal. The following figure
illustrates a wekGISportal. The example of this forest weblS portal is taken from the state of
Sachsen, Germahy
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Figure47. Example for a welsISportal ¢ potential central User interface for a modern FIS

°INSPIRATION Spatial Data Infrastructure in th&estern Balkans http://www.gfa-group.de/webarchive/inspire/www.inspiration
westernbalkans.eu/inde.html (retrieved 12.07.2016)

® Forest webGIS prtal from the state of Sachsen, Germany: Figure extracted from the follquiblication: Hergert and Kranz 2009
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The next graph shows the modular system structure and the potential technical approach reflecting
the organizational structure of the Forest Administration in Montenegro.

MARD / CMU
!

| Forest Managment
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(Map creation, Remote

p ~rs - Desk GIS :
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(Maps and tables, Retrieval, Editing) Clients
(ArcGis, QGIS)
T T T T

Iritsgration Ssrvices

~  (standardized, harrmonized *

Web . NSDI conform) < Fl
a A : ;
. map e 8patial planning
services / - .
Cadast l N iodiversity
Topograph Central Forest Database
Terrain I ~

System
administration

Figured8. FIS system structure and outline for the Forest Administration in Montenegro

The following graph gives an overview of relevant software components and their interfaces. The
components are grouped by the origin of the data managed. A central software compopasiin all
land use management systemss ageodatabaselescribing anananaging the basic units of forest
management, the forest stands and their tree species.

The position of the three new information compiled in the FEGDB are highlighted. Technically all
three components are gedatasets (mapayer and geodatabases), whican be interfaced through
the Glwindow of the central welportal.
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Figure49. FIS¢ Modular structure of a comprehensive Forest Information and Monitoring System

for Montenegro
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4.9.4.2 Main Components of the Forest Informati@ystem (FIS)

The following table presents the different software modules, respective datasets and functions. The
components are ordered by their importance for the FIS logic driven by the needs of forest managers

in a typical state forest administration.

Tablel6. Software modules of a comprehensive FIS for Montenegro

Module 0: Cadaster and land registration

- Location
- Parcel ID
- Ownership
- Land use rights
- Landuse classes

/ (0) Cadaster and Land Registration\

(0) Cadaster
spatial
database

(0) Cadaster
and land
register

$l b
P
o
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Purpose: Basic management and political and spatial planning information:

A Where is the forest located?

A Size / area ofhe forest?

A Who is owner?

A Who manages the forest?

External data: All parcels covering forests

Internal data: All parcels managed by the specific forest administration / enterprise

Module 1: Forest and Forest Structure: Central Forest Database

(1) Central Forest (spatial) Database \ m

- Forest stands ForestDatabase

- Stand description:
- Forest type, Stand Layer, Species, Age, DBH, H, Vol, Increment,

Quality, Assortments Forest stands,
- Stand leveplanning: Forest ecosystems
- Type of measure, Yield by species, planting, weeding, tending, wo &

area, time line, frequency Forest structure

- Roads
- Mainandsecondary: Roads as Objects, length, status
- Skidding roads

\-\Other supportinfrastructures (Offices, storage placf'eelin?
d)

Managementstructures(Estates> FMU > Compartmer Stan

A Central internal information
A Central data base and module
A Contains the core forest management entities (Stands, tree species)

Module 2: Forest Site Map

/ (2) Forest Sites

- Soil conditions: Geology, soil type, water Sites
household, nutrients
- Climate conditions: Temperature,
precipitation, snow, frost etc.
- Terrain conditions: Slope, aspect, terrain form
- Tree species risknd species suitability

k classes
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A New information from the FEGDB.
A Internal information created by the Forest sector

A As described ishapter4.6of a multisource mapping activity leading to basic ecologicatinfo
mation and information on productivity (site index, risks, tree spesuitability, terrain)

Module 3: Natural and Potential Forest Vegetation

/ (3) Potential Natural Forest Vegetation\

- Potential Natural Forest Vegetation Communities
- Species list with data for abundance of the
communities
- Differencationin species lists for regional units
- Typical terrain conditions and locations for
occurrence
(indicators: altitude, aspect, soil conditions, climat
- Evaluation: Human influence, historical
Kdevelopment, threats and endangerments

A First new information from the FEGDB
A Internal information based on a mix of external and internal sources on vegetation

A Result of the multisource mapping process descrilpechapter4.7.4 presented in a gedlata
layer and database

A After overlay or intersection with forest stand data used for management decisiortsdikepe-
cies selection and promotion, risk assessment, climate adaptation strategies.

Module 4 a: Forest Management Inventories & Planning

/ (4 a) Forest Management Inventories

- Statistical sound samplirigventory
Combinedwith remote sensing based data collectio

- Part of Forest ManagemeRtlannningprocess

- Smallest unit Stand

- Data are used tdescribestands

- Typical data collected:
- Forest area
- Forest Type & Species :
\ - Perforest type / species: Age, N, BAngrement, mortality

yield, tree quality, damages, dead wood
Siteinformation, Ground vegetation

A Small unit: Forest Type / Species in a region / district

A Internal core information creation processes

A Speciamodule and database for data collection, data analysis
A Interface to feed stand data to the Central Forest Database
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Module 4 b: Forest Management Planning

(4 b) Forest Management Planning
Combination of data sources
- Stand sampling inventomyr Taxation _
6SadGAYlI A2y o6F3a8SR 2y €a
ments of H, DBH, BA) g
- Standdescription
- Forest types, Layer, Species, Age, DBM, H
Increment
- Stand level planning
- aSladNBasz | NBlIz 8ASt
- Controlling: Evaluation of last period
\\Planned measuref®r a 10 years period

(4a) FM
Inventory

(4b) Forest
Management
Planning

(4) FMPq
analysis
spatial
database

A Internal information related with FMI Inventory
A Core spatial data creation process
S

A Special module to update stand data, update forest maps

AVLIRIFIGS 2F GKS OSyidNlt F2NBad RIGlIolaSloa

Module 5: Forest Function Mapping

/ (5) Forest Function Mapping \

- Soil an slopgrotection
- Steep slopes > 35Unmanaged
- Water protection:
- Springs
- Drinking water protection
- Buffer zones along waters
- Nature protection:
- Forest habitat mapping (Fauna and Flora)
- Recreation:
- City parks

- Skiing resorts etc.
- X

A Internal information

Function
Mapping I

A Multi source mapping procedure using externatianternal sources. Initially one time mapping
project with mostly long validity, updated by spatial plans and forest management plans

A Elementary information for planning decisions in Forest Management Planning
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