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Zielsetzung und Anlass des Vorhabens 

Aktuell fehlen für die Wälder Montenegros grundlegende Entscheidungsinformationen zur Sicherung einer 
nachhaltigen, naturschutzgerechten Waldwirtschaft. Das Projekt ĂVerbesserung der waldºkologischen In-
formationsbasis für eine nachhaltige Waldbewirtschaftung und den Wald-Naturschutz in Montenegroñ soll 
helfen, die wichtigsten ökologischen Informationsgrundlagen für eine nachhaltige, naturnahe Waldbewirt-
schaftung in Montenegro durch Zusammenführung vorhandener Unterlagen (Dateien, Karten), innovativer 
Erhebungsmethoden und IT-Lösungen bereit zu stellen.  

Um die Ziele und Grundsätze einer multifunktionalen, nachhaltigen und naturnahen Waldbewirtschaftung 
erreichen zu können, benötigt der montenegrinische Forstsektor wichtige ökologische Basisinformationen zu 
den Waldökosystemen. Derzeit fehlen dem Management als Planungsgrundlage und Entscheidungsunter-
stützung: Informationen über die Waldstandorte (Nährstoff-, Wasser-, Temperaturhaushalt), die potenziellen 
natürlichen Waldgesellschaften sowie aktuelles Wissen über naturschutzrelevante, seltene und gefährdete 
Arten, Biotope und Habitate. Im Moment sind in Montenegro die folgenden Probleme zu erkennen: 
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¶ Es existiert keine forstliche Karte der Waldstandorte, lediglich eine kleinmaßstäbige Bodenkarte 
(1:100.000), die für die Bewirtschaftung von Wäldern auf Bestandesebene nicht genau genug ist. 
Klimatische Faktoren eines Waldstandortes werden darin nicht berücksichtigt. 

¶ Es stehen derzeit nur veraltete Vegetationskarten auf nationalem Skalenniveau (1:1 Mill.) neben der 
ebenfalls sehr kleinmaÇstªbigen ñMap of the Natural Vegetation of Europeò (Bohn et al., 2000) zur 
Verfügung. 

¶ Das ĂEmerald Networkñ inventarisiert Vorkommen von seltenen und gefährdeten Arten, Biotopen 
und Habitaten, jedoch fehlt eine systematische Kartierung. Derzeit wird die Definition von zu schüt-
zenden Biotopen/Habitaten erarbeitet. Viele Daten zu Vorkommen von Faunen- und Florenelemen-
ten sind verteilt über verschiedene Institutionen, Nichtregierungsorganisationen oder ï wie im Bei-
spiel der Wildarten - nur im Jagd-Sektor zu finden. Die Informationen sind nicht genügend aufberei-
tet und stehen für eine nachhaltige, naturschutzgerechte Waldbewirtschaftung nicht zur Verfügung. 

Hauptziel dieses Projekts ist es daher, ein innovatives Konzept zur Verbesserung der ökologischen Da-
tengrundlage für 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: 

¶ Verbesserung der Informationen zu Waldstandorten durch Kompilation aller verfügbaren Unterlagen; 

¶ Aufbereitung von Waldnaturschutz-Informationen und Integration der ökologischen Basisinformatio-
nen in eine ºffentlich zugªngliche ĂWaldºkologische Geodatenbankñ; 

¶ Verbesserung der Informationen zu den Standortseigenschaften durch Kombination von Boden-, 
Klima- und Vegetationsparametern, Aufnahme von Probeflªchen in zwei Testgebieten (Ġtitovo, 
Bielasica), Auswertung durch multivariate Methoden (Ordination, Klassifikation); 

¶ Exemplarische Ableitung der potenziellen natürlichen Waldgesellschaften in zwei Testgebieten 
(Ġtitovo, Bielasica); 

¶ Exemplarische Umsetzung der neuen ºkologischen Informationen in ĂSustainable Forest Manage-
ment Plansñ inklusive Definition und Zuordnung von Waldentwicklungstypen (WET) zu Standorts- 
und Vegetationstypen; 

¶ Integration aller verf¿gbaren Datenbanken in das neue ĂForest Information Systemñ (FIS); 

¶ 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); 

¶ Exemplarische Erstellung eines Managementplans für einen Forstbetrieb. 
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1 ZUSAMMENFASSUNG 

Dieses DBU-Projekt greift die fehlenden grundlegenden Entscheidungsinformationen zur Sicherung 

einer nachhaltigen, naturschutzgerechten Waldwirtschaft für die Wälder Montenegros auf. Die gene-

relle Projektidee war, die wichtigsten ökologischen Informationsgrundlagen für eine nachhaltige, 

naturnahe Waldbewirtschaftung in Montenegro durch Zusammenführung vorhandener Unterlagen 

(Dateien, Karten), innovativer Erhebungsmethoden und IT-Lösungen im Sinne eines umfassenden 

Umweltinformationssystems zu entwickeln.  

Hauptziel des Projekts war, ein innovatives Konzept zur Verbesserung der ökologischen Datengrund-

lage für eine nachhaltige Waldbewirtschaftung und den Waldnaturschutz bereitzustellen und durch 

Fallbeispiele exemplarisch zu erproben. Mehrere Teilziele und Aufgaben waren damit verbunden: 

Á Verbesserung der Informationen zu Waldstandorten und zur Waldvegetation; 

Á ±ŜǊōŜǎǎŜǊǳƴƎ ŘŜǊ LƴŦƻǊƳŀǘƛƻƴŜƴ Ȋǳ αtƻǘŜƴȊƛŜƭƭŜƴ ƴŀǘǸǊƭƛŎƘŜƴ ²ŀƭŘƎŜǎŜƭƭǎŎƘŀŦǘŜƴάΤ 

Á Aufbereitung von Waldnaturschutz-Informationen und Integration der ökologischen Basisinfor-

ƳŀǘƛƻƴŜƴ ƛƴ ŜƛƴŜ ǀŦŦŜƴǘƭƛŎƘ ȊǳƎŅƴƎƭƛŎƘŜ α²ŀƭŘǀƪƻƭƻƎƛǎŎƘŜ DŜƻŘŀǘŜƴōŀƴƪάΤ 

Á ExemǇƭŀǊƛǎŎƘŜ ¦ƳǎŜǘȊǳƴƎ ŘŜǊ ƴŜǳŜƴ ǀƪƻƭƻƎƛǎŎƘŜƴ LƴŦƻǊƳŀǘƛƻƴŜƴ ƛƴ α{ǳǎǘŀƛƴŀōƭŜ CƻǊŜǎǘ aa-

ƴŀƎŜƳŜƴǘ tƭŀƴǎά ƛƴƪƭǳǎƛǾŜ 5ŜŦƛƴƛǘƛƻƴ ǳƴŘ ½ǳƻǊŘƴǳƴƎ Ǿƻƴ ²ŀƭŘŜƴǘǿƛŎƪƭǳƴƎǎǘȅǇŜƴ ό²9¢ύ Ȋǳ 

Standorts- und Vegetationstypen; 

Á LƴǘŜƎǊŀǘƛƻƴ ŀƭƭŜǊ ǾŜǊŦǸƎōŀǊŜƴ 5ŀǘŜƴōŀƴƪŜƴ ƛƴ Řŀǎ ƴŜǳŜ αCƻǊŜǎǘ LƴŦƻǊƳŀǘƛƻƴ {ȅǎǘŜƳά όCL{ύΤ 

Á Wissenstransfer durch Qualifizierung von montenegrinischem Forstpersonal; 

Á Exemplarische Erstellung eines Managementplans für einen Forstbetrieb. 

Dieses internationale Projekt wurde von der Albert-Ludwigs Universität, Freiburg (Professur für 

Standorts- und Vegetationskunde) geleitet und in Zusammenarbeit mit folgenden Partnern durchge-

führt: 

Á Deutsche Partner: UNIQUE forestry and land use sowie die Firma Soilution;  

Á Montenegrinische Partner: Ministerium für Landwirtschaft und ländliche Entwicklung (MARD) 

inklusive der dort zugeordneten staatlichen Forstverwaltung (Forest Administration); das Minis-

terium für nachhaltige Entwicklung und Tourismus (MSDT); die Environmental Protection 

Agency (EPAM); das Hydrometeorologische Institut und die Real Estate Agency (REA); 

Á Serbische Partner: Universität Belgrad, Forstwissenschaftliche Fakultät (Bodenkunde, Vegetati-

onskunde). 

 

Der empirische Teil des Pilotvorhabens wurde in Form einer Standorts- und Vegetationserhebung in 

zwei ökologisŎƘ ǳƴǘŜǊǎŎƘƛŜŘƭƛŎƘŜƴ CƻǊǎǘŜƛƴǊƛŎƘǘǳƴƎǎŜƛƴƘŜƛǘŜƴ ό~ǘƛǘƻǾƻΣ .ƧŜƭŀǎƛŎŀύ ǳƳƎŜǎŜǘȊǘΦ 5ƛŜǎŜ н 

Forsteinrichtungseinheiten befinden sich im Norden und im Zentrum Montenegros und verfügen 

über verschiedene Geologien (Kalk, Silikat) und Klimate (oromediterran, illyrisch) sowie unterschied-

liche Pflanzen- und Baumartenvielfalt.  

Die neu entwickelte Methodik bietet die Grundlage für detaillierte, fein aufgelöste thematische 

Standorts- und Vegetationskarten, welche in FoSiM integriert sind. Diese Karten fassen die ökologi-

schen Informationen im Bezug zu Wasser- und Nährstoffhaushalt zusammen, sie sind die Grundlage 

für weitere Standortsanalysen. Die Methode ist prinzipiell auf andere Regionen übertragbar. 

Die Analyse der im Gelände erhobene Boden- und Vegetationsmerkmale diente der Identifizierung 

der ökologischen Grenzen für das Wachstum der wichtigsten Baumarten und damit verbunden der 
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Ableitung verschiedener Waldentwicklungstypen in den zwei ausgewählten Forsteinrichtungseinhei-

ǘŜƴ  ό~ǘƛǘƻǾƻΣ .ƧŜƭŀǎƛŎŀύΦ  

Aufgrund der naturnahen Ausprägung der Inventurplots konnten Vorkommensbereiche und ς

grenzen wichtiger Baumarten identifiziert und durch Umweltparameter charakterisiert werden. Dies 

erlaubt Rückschlüsse auf die potentielle natürliche Verbreitung dieser Baumarten. 

 

Getrennt von den auf empirischen Erhebungen basierenden Erhebungen erfolgte die Entwicklung 

eines web-basierten umfassenden Umweltinformationssystems, in dem die verschiedenen Formate 

der Umweltdaten in einer waldökologischen Datenbank vergleichbar gemacht werden, GIS-basierte 

Karten erstellt werden und über eine zu schaffende Internet-Plattform öffentlich zugänglich gemacht 

werden. Eine Vorläuferversion mit allen relevanten Funktionen konnte innerhalb des Projektes ent-

worfen und mit den Projektpartnern abgestimmt werden. In diese können neue Daten eingepflegt 

ǿŜǊŘŜƴ ǳƴŘ YŀǊǘŜƴ ŜǊǎǘŜƭƭǘ ǿŜǊŘŜƴΣ ōŜƛǎǇƛŜƭǎǿŜƛǎŜ Ǿƻƴ ŘŜǊ ōŜƛŘŜƴ ¢ŜǎǘƎŜōƛŜǘŜƴ ό~ǘƛǘƻǾƻΣ .ƧŜƭŀǎƛŎŀύΦ 

Weitere Auswertungen hinsichtlich der Baumarteneignung in der Waldwirtschaft wären möglich, 

konnten jedoch aufgrund fehlender Waldinventurdaten aus den beiden Testgebieten nicht umge-

setzt werden. 

 

Die Projektziele wurden nicht alle erreicht, verschiedene Herausforderungen haben die Umsetzung 

der Projektziele erschwert. Änderungen in der Legislative in Serbien und der Verwaltungsstruktur in 

Montenegro haben dazu geführt, den Auftakt der Geländearbeit in der ersten Vegetationszeit zu 

verzögern. Der Abschluss von Verträgen zur Zusammenarbeit zog sich über mehrere Prüfinstanzen 

bis zu 2 Jahre hin. Dies hat dazu geführt, den bürokratischen Aufwand zu erhöhen und erhebliche 

Zeitverzögerungen bewirkt. Darüber hinaus hat dieses Projekt gezeigt, dass bei der Erstumsetzung 

der Methode die Anzahl der zu erhebenden Daten stark unterschätzt werden kann. Erst im Laufe der 

Analyse wurde offensichtlich, dass mehr Proben notwendig sind, um die Varianzen besser einschät-

zen zu können. Nicht alle benötigten Daten konnten den Probeflächen zugeordnet werden. Dies gilt 

beispielsweise für die Modellierung von Niederschlagsdaten im Bergland aus extrem wenigen Klimas-

tationen. Auch stellten die Messung der pH-Werte und die Tiefe der Bodenprofile unter 60 cm ein 

großes Problem dar. Dies entstand v. A. aufgrund mangelhafter zeitlicher (z. B. nicht genügend Zeit 

für Proben-Wiederholung) sowie technischer Kapazitäten (z. B. nicht verfügbare Ausrüstung vor Ort). 

Trotz dieser Herausforderungen liefert dieses Projekt die allererste ökologische Geo-Datenbasis für 

Boden- und Vegetationsinformationen in Montenegro. Diese Datenbasis ist nicht nur die allererste 

systematische Sammlung von ökologischen Informationen in Montenegro, sondern auch eine Grund-

lage für Weiterentwicklung und follow-up Tätigkeiten im montenegrinischen sowie regionalen Forst-

sektor. 

 

Die Montenegrinischen Partner aus Politik und Verwaltung haben die Vorteile eines holistischen 

standortskundlichen Ansatzes  sowie die Bedeutung eines umfassenden Umweltinformationssystems 

erkannt, das beispielsweise für Planungen und Reporting eingesetzt werden kann. In transparenter 

Weise können damit Ministerien, Planungsinstitutionen (z.B. Forst-, Umweltbehörden) sowie die 

interessierte Öffentlichkeit auf diese Informationen zugreifen und als Diskussions- und Entschei-

dungshilfe anwenden. Auch andere südosteuropäische Nachbarländer haben die Bedeutung eines 

derartigen Umweltinformationssystems erkannt. Damit besteht die Grundlage für eine weiterfüh-

rende Zusammenarbeit, wie sie zurzeit mit Serbien in Form einer IPA2 Cross border Kooperation so-

wie einem weiteren Testprojekt in Zentralserbien in Vorbereitung befindet. 
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2 BACKGROUND AND GOALS OF THE PROJECT 

In a country where forests covers 69.4% (0,96 mio ha, the total of Montenegro is 1,4 mio ha), forest 

are not only the characteristic landscape element but also a great natural resource. Almost 52% of 

the Montenegrin forest is state owned and 48% of the forests are privately owned. 

These forest provide a wood volume of 122 million m³ (previously estimated 72 mio m³) and an in-

crement of 2. 9 million m³/a (vs. 1.4 mio m³/a) in wood volume. The potential for wood harvest for 

was estimated as 1.8 mio m³/a (60% of the increment) for the period 2011 ς 2020. If this potential 

would be optimally used in modern wood industry it would provide an aŘŘŜŘ ǾŀƭǳŜ ƻŦ мΣслл Ƴƛƭƭ ϵκΣ 

and could provide work for 48,000 employees in 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 m³/ha) and 46% of the forest area was also classified as potential Annex I habitats regard-

ing Natura 2000. Additionally 23% of forests and forest land provides protection function.1 

New challenges for the forest sector in Montenegro are the adaptation to climate change and 

preservation of biodiversity. The latter is especially important as a preparation for the EU biodiversity 

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 conservation and en-

hancement of biologic and landscape forest biodiversity, and its environmental quality. This nation-al 

ŎƻƳƳƛǘƳŜƴǘ ǿŀǎ ǎǳǇǇƻǎŜŘ ǘƻ ŀŘƻǇǘ ŀƴ άŜŎƻǎȅǎǘŜƳ ŀǇǇǊƻŀŎƘ ǘƻ ŦƻǊŜǎǘ ƳŀƴŀƎŜƳŜƴǘάόbCt ǇǊƛƴ-ciple) 

integrating the protection of biologic and landscape forŜǎǘ ōƛƻŘƛǾŜǊǎƛǘȅ ŀǎ ǿŜƭƭ ŀǎ άŎƭƻǎŜ-to-nature 

ŦƻǊŜǎǘ ƳŀƴŀƎŜƳŜƴǘέΦ {ǇŜŎƛŦƛŎŀƭƭȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇǊƛƴŎƛǇƭŜǎ ǎƘƻǳƭŘ ƎǳƛŘŜ ŦƻǊŜǎǘ ƳŀƴŀƎŜƳŜƴǘΥ όмύ 9Ŏo-

logical stability of forest ecosystems by making use of site information and (2) Orientation on site 

conditions which means to match species - site and the natural potential forest vegetation; and (3) 

¦ǘƛƭƛȊŀǘƛƻƴ ƻŦ ƴŀǘǳǊŀƭ ǇǊƻŎŜǎǎŜǎ ǘƻ ǊŜŀŎƘ ǘƘŜ ŘŜǎƛǊŜŘ ƳŀƴŀƎŜƳŜƴǘ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ άƭƻǿ ƛƴǇǳǘ Ƴŀn-

ŀƎŜƳŜƴǘέ ƳŀƪƛƴƎ ǳǎŜ ƻŦ ƴŀǘǳǊŀƭ ǊŜƎŜƴŜǊŀǘƛƻƴΦ 

However, the forest administration of Montenegro was lacking fundamental ecological and economic 

data for decision making to ensure sustainable, conservation-oriented forestry. This DBU-funded 

project aimed to provide the most important environmental information base for sustainable, natu-

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 multi-functional, sustainable and natural forest 

management, the Montenegrin forest sector needed ecological base information on forest ecosys-

tems. The forest management is missing the following information as a basis for planning and deci-

sion support: information on forest sites (nutrients, water, temperature), which could be linked to 

forest inventory data; the fine-scale potential natural forest vegetation; as well as updated 

knowledge about rare and endangered species and habitats. 

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

Á There was no existing map of forest sites, only a small-scale soil map (1: 100,000), which did not 

have sufficient precision to be used for the management of forests to stand level. Climatic site 

factors were not integrated into the site classification system. 

                                                           

 

1 Data are taken from the first National Forest Inventory (Dees et al. 2013) 
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Á Then there existed only imprecise vegetation maps at national scale (1 : 1 million) in addition to 

the also very small-scale "Map of the Natural Vegetation of Europe" (Bohn et al., 2003).  

Á The "Emerald Network" inventoried the occurrence of rare and endangered species, biotopes and 

habitats, however, no systematic mapping was performed. The definition of the protected bio-

topes / habitats was not developed. Many data on the occurrence of fauna and flora elements 

were distributed isolated throughout different institutions, non-governmental organizations, or - 

as in the case of animal species concerning hunting ς could e only obtained from hunters. The ex-

isting information was not systematically processed, it was not available for a sustainable, conser-

vation-oriented forest management. 

 

Objectives 

General objectives of the Montenegrin partner: 

Á Increase the competitiveness of the forestry sector and  

Á Thereby foster rural development in Montenegro by improving and securing close-to-nature sus-

tainable forest management that fulfill key EU standards on forest management and protection as 

well environmental protection standards. 

Á Implement a modern, innovative methodological approach for improvement of the ecological 

information base for sustainable forest management and forest conservation and  

Á To test it in several pilot areas of Montenegro.  

 

Project objectives:  

The main project objective of the project was to provide an innovative approach to improve the envi-

ronmental database for sustainable forest management and forest conservation; and to develop 

methods for a systematical forest site and vegetation inventory which will be tested in exemplary 

case studies. 

Several detailed objectives and tasks were derived: 

Á Improving information on forest site conditions 

Á Improving the information on the potential natural forest vegetation 

Á Preparation of forest conservation information and its integration in a publicly accessible "forest 

ecological geodatabase" 

Á Exemplary implementation of the new environmental information in "Sustainable Forest Man-

agement Plan", including definition and classification of forest development types (FDT) to site 

and vegetation types 

Á Integration of all available data in the new "Forest Information System" (FIS) 

Á Knowledge transfer through training of Montenegrin forestry personnel 

Á Exemplary preparation of management plans for pilot management units 

 

3 WORKING STEPS AND APPLIED METHODOLOGIES  

The Phase 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 should be linked with the Forest Management Plans. The recently fin-
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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 sites and to de-

rive the potential natural forest vegetation. This pre-study was done in a Master Thesis prior to the 

project start (Zehfuss, 2013). As a result of this pre-study two out of the 135 Montenegrin "Forest 

Management Units" were selected as areas to test the developed methodology of site and vegeta-

tion survey, analysis and mapping. 

The test areas were used in Phase 2 to develop and in Phase 3 to implement the methods of the 

work packages 1-3. After developing the inventory method, it was applied to assess site and vegeta-

tion data. The site mapping was performed mainly applying the forest site classification of the Ger-

man Federal State of Rhineland-Palatia (Arbeitskreis standortskartierung in der Arbeitsgemeinschaft 

Forsteinrichtung 2016). A prognostic analysis step of regionalization and validation of the site fore-

cast model was tested, a Web-GIS application for the forest ecological geodatabase was developed 

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

With respect to the forest 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 step to construct the distri-

bution of the potential natural forest vegetation.  

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

step, based on the assessed vegetation data and the compilation and analysis of historical infor-

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 as the compilation of all conservation-related information 

about the test areas remained rudimentary.  

Also in Phase 3 it was originally planned for these two test areas to introduce the results in new for-

est management plans. These should be based on the updated 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 vegetation-site 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 in Figure 1.  
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Figure 1. Project phases and tasks within the work packages 

 

3.1 Work package 1: Improving the information on forest site conditions 

In work package1, a statistical approach for spatial prediction of site properties was developed and 

tested from forest sites, which is adapted to the specific physiographic conditions. The goal is to de-

velop a method that can provide the ecological information base for sustainable, close-to-nature 

forest management. 

The results are: 

Á An innovative mapping and modelling concept for assessing spatial forest site information 

Á Maps with soil, climate and site conditions for forest areas (goal 1: 25,000), which served as a 

base for deriving the potential natural forest vegetation (WP2). For forest management, these 

maps provide the base for evaluating tree species suitability and productivity. 
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3.2 Work package 2: Improving the information on the Potential Natural 

Forest Vegetation 

In direct connection with the first stage of the forest site sampling, a vegetation sampling and map-

ping was planned, but remained incomplete and restricted to demonstrate the method 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 the potential natural forest vegetation limits, could not be 

achieved, and also affected the mapping. 

 

3.3 Work package 3: Developing a Forest Ecological Geodatabase 

(FEGDB) 

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

ŀ άforest ecological geodatabase όC9D5.ύέǎƘƻǳƭŘ ōŜ ŘŜǾŜƭƻǇŜŘΦ Lǘ ǎƘŀƭƭ Ŏƻmpile the information from 

different new sources: 

Á Forest site geodatabase (see WP 1) 

Á Geodatabase on potential natural forest vegetation (see WP 2) 

Á Information relevant for nature protection, wildlife management and biodiversity  

For the third dataset the existing information about rare and endangered species and habitats rele-

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 Tourism (MSDT) to devel-

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 scattered, an active access for relevant actors and institutions should also 

be considered, which allows to add information on the occurrence of rare or/and endangered spe-

cies, biotopes and habitats to the database.  

Expected results: 

Á Web-based forest ecological geodatabase as decision support for the forest sector and publicly 

accessible information system and interactive application 

Á Technical concept for the integration of the forest ecological geodatabase as a module in the 

newly planned Forest Information System (FIS). 

 

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 directly in two case studies for forest management planning. It would be the first time that 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 in the adaptation of planning man-

uals and techniques. 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 
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and the future utilization of the ecological information will be described in the by-law on forest man-

agement planning.    

Expected results: 

Á New version of the αaŀƴǳŀƭ ŦƻǊ Forest Management Planning" under inclusion of the new forest 

ecological information and proposal for a updated version of the by-law on forest management 

planning  

Á Sustainable Forest Management Plan for the two test Forest Management Units (MU) created 

using the new forest ecological geodatabase (FEGDB). 

 

4 RESULTS AND OUTCOMES 

4.1 Preparation phase 

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 existing nearby 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 (geo)-data has been created to provide data for several 

work packages:  

Á WP 1: Forest Site mapping  

Á WP 2: Mapping the Potential Natural Forest Vegetation 

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

All available forest related datasets and maps were compiled. 

The relevant institutions ς mainly the partner institution in the projectς have been asked to provide 

all existing and available datasets based on the checklist created. The following institutions were 

contacted and provided data: 

Á Real Estate Agency ς provided data related to topography and administrative level 

Á Ministry of Agriculture and Rural Development (MARD) ς provided forestry related data such as 

spatial data of forest management units, forest management plans, the geodatabase of the re-

sults of the national forest inventory 

Á Institute for Hydrometeorology and Seismology (HMZCG) ς provided climate related data 

Á Ministry of environment and Environmental Protection Agency ςdata on nature protection 

zones (national parks, Emerald network protection zones) 

An overview of the requested and obtained data is available in chapter 8, 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 are presented in the corre-

sponding chapters 4.2 and 4.3. 
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4.1.2 Relevant basic data 

4.1.2.1 Climate data 

Climate data in Montenegro is available as raster maps with a resolution of 100m based on the cli-

mate stations in Figure 2. Although finer resolutions are generally recommended this data had to be 

used for forest site mapping in Montenegro (cf. chapter 5.2.1). 

 

Source: M. Ivanov, Institute of Hydrometeorology and Seismology, Montenegro 

Figure 2. Location of the climate stations draped over the DEM 

 

 

Source: M. Ivanov, Institute of Hydrometeorology and Seismology, Montenegro 

Figure 3. Daily temperature averaged for the cold season October-March 
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Source: M. Ivanov, Institute of Hydrometeorology and Seismology, Montenegro 

Figure 4. Daily temperature averaged for the warm season April-September  

 

 

Source: M. Ivanov, Institute of Hydrometeorology and Seismology, Montenegro 

Figure 5. Daily precipitation averaged for the cold season October-March 
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Source: M. Ivanov, Institute of Hydrometeorology and Seismology, Montenegro 

Figure 6. Daily precipitation averaged over the warm season April-September 

 

4.1.2.2 Digital elevation model (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 map the whole country and due to some artifacts (cf. chapter 5.2.1) in the 

DEM the resolution was resampled to 10 m. On this level the DEM shows a good quality for site 

mapping. 

 

4.1.2.3 Soil and parent material  

A soil map containing some information on parent material was available at a scale of (1:50,000 for 

Montenegro. However, soil data regarding water balance and nutrient regime, necessary for forest 

site classification could only be estimated due to the coarse scale. Further information was available 

as reference soil profiles. These profiles were not available as GIS layers and georeferencing is not 

possible. Hence, this data was not available during the project. 

 

4.1.3 Identification of test areas 

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

test areas in Montenegro. With the local partners we decided to select management units (MU; de-

fined regions for a common forest management plan) to be the spatial representation of the test 

areas. Because these are also used as planning 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 units to organize inventory and planning (see Fig 7).  Two MUs were selected based on 

the following criteria discussed at the Kick-off meeting:   

Á The Forest Management Plan revision was planned for  2015 ς which should provide synergetic 

effects regarding field work on site (WP 1) and vegetation assessment (WP 2) 

Á Representative regarding  geology, climate and landscape formations  
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Á Homogeneity of the soil conditions within each MU  

Á A Diversity of vegetation types and tree species compositions 

 

 

Figure 7. Management units and geological composition in Montenegro (bedrock in the soilmap of 

Montenegro (1.50.000): lilac: calcerous bedrock like dolomite or limestone; green: non-calcerous 

bedrocks like shist, sandstone, clay etc.) 

 

Only two management units were in the pipeline to be inventoried in 2014 and 2015 and were ho-

mogenous regarding the soil conditions, but with a diversity in the vegetation. The management 

ǳƴƛǘǎ όa¦ύ ǎŜƭŜŎǘŜŘ ŀǎ ǘŜǎǘ ŀǊŜŀǎ ǿŜǊŜ ~ǘƛǘƻvo (1541) and Bjelasica (1101). 

 

4.1.3.1 a¦ αBjelasicaά 

4.1.3.1.1 Study region 

The MU Bjelasica (1101) is situated in the middle-east of Montenegro near the border to Serbia in 

the administrative district of Bijelo Polje including a small area of Berane in the southern part of the 

municipality of Bijelo Polje, on the left side of the river Lim, on the northern side of mountain Bjela-

sica (Figure 8). The total area under forest management comprises 9205 hectares. 5248 ha are for-

ested, of which high forests having semi-natural tree species composition (i.e., resulting from natural 

regeneration) cover 82%. 
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Figure 8. Administrative position of MU Bjelascia 

 

4.1.3.1.2 Geology and Soil 

The geology is very diverse. At lower altitudes predominantly shale and sandstone occur. At higher 

altitudes carbonate-silicate bedrock prevails. The main characteristics of this area are moderately 

steep to steep slopes. 53% of forest area is located on a moderately steep slopes (11-20o) and 43% 

on steep slopes (21-30o). 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 

ά.ƧŜƭŀǎƛŎŀέύΦ ¢ƘŜ ƭƻǿŜǎǘ Ǉƻƛƴǘ ƛǎ р85 m NN, the highest elevation reaches 1850 m NN. Many springs 

and streams have deeply incised their riverbeds. Between the water courses are ridges, mostly run-

ning from south to north.  

The soil map of Montenegro describes the pedological situation as Rendzina over hard limestone in 

small patches surrounded by Brown Soil on carbonate-silicate bedrock and a few places with Ranker 

on sandstone in the highest mountains. On the slopes Brown Soil was dominating on shist or sand-

stone. In furthest Northwest alluvial sediments were common (Figure 9). 
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Figure 9. 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 data from the climatic station Bijelo Polje. 

It is characterized by its location on the inland side of the mountain ranges, i.e. as more continental 

όάLƭƭȅǊƛŎέύΦ .ŜŎŀǳǎŜ ƻŦ ǘƘŜ ƘƛƎƘ ŀƭǘƛǘǳŘŜ όƳƻƴǘŀƴŜ ȊƻƴŜύ ǘƘŜǊŜ ŀǊŜ ƴƻ ŀǊƛŘ ƳƻƴǘƘǎΦ 

 

 

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 9,3 4,3 -0,4
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Figure 10. 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 1719 m NN: 

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

Á At 620 m a.s.l. the duration of the vegetation period is about 230 days (Formayer, 2007). There 

the growing season usually begins around March 19 and ends November 15. For every 100 m in-

crease in altitude vegetation period shortens for 11.5 days. On the basis of legality can be con-

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 a.s.l. only 126 days. 

Á 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 0,65o C (in summer and spring), 0,52 o C (in autumn) and 0,35 o C (in winter) per 100 

Ƴ ŀƭǘƛǘǳŘŜ όaƛƭƻǎŀǾƭƧŜǾƛŏΣ мфууύΦ 

Á 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 temperature amplitude of 

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. 

 

Table 1. Monthly mean temperature in the MU of Bijelasica, modeled for different elevations 

T
o
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 

 

Table 2. Monthly mean precipitation for the period 1961-1990, 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 Illyrian-Dinaric altimontane beech-, fir-beech- and Illyrian-west Balkan montane 

spruce forests occurred. On the slopes on shist and sandstone were Dinaric beech forest and West 

Moesian herb-rich sessile oak forests were common (Figure 11). 
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Figure 11. Potential natural forest vegetation of MU Bjelasica based on the European Map (Bohn et 

al. 2000) 

 

4.1.3.2 a¦ ~ǘƛǘƻǾƻ όмрпмύ  

4.1.3.2.1 Study region 

¢ƘŜ a¦ α~ǘƛǘƻǾƻά ƛǎ ƭocated northeast of Danilovgrad and extends from 19oмнΩмуΩΩ   to 19o16Ω32Ω  

eastern longitude and from  42oооΩорΩΩ ǘƻ пнoпрΩпсΩΩ ƴƻǊǘƘŜǊƴ ƭŀǘƛǘǳŘŜ (Figure 12). It belongs to the 

municipality of Danilovgrad and leans on to the border of the municipality of Niksic and Kolasin . The 

ƳŀƴŀƎŜƳŜƴǘ ǳƴƛǘ α~ǘƛǘƻǾƻά ŎƻǾŜǊǎ ŀƴ ŀǊŜŀ ƻŦ нптмΦнл ƘŀΦ ¢ƘŜ Ƴƻǎǘ ŎƻƳmon forest types are formed 

by Pinus heldreichii (1087,5 ha =  56,34%), Fagus sylvatica ( 419,50 ha =  21,73%), and Fagus sylvatica 

mixed with Abies alba ( 412,50 ha = 21,37%). The mean timber volume is 79,1 m3/ha. 

The lowest point of this unit is located at 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 %), and above 

1800 m NN (223 ha = 9 %). 
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Figure 12Φ !ŘƳƛƴƛǎǘǊŀǘƛǾŜ Ǉƻǎƛǘƛƻƴ ƻŦ a¦ ~ǘƛǘƻǾƻ 

 

4.1.3.2.2 Geology and soil 

The geology of the area is mainly formed by limestone with all phenomena of typical karst: karst 

valleys, sinkholes, caverns, gorges. There is no above-ground stream or river. Several small sources of 

ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ όwŀƪƻőƛŎŀΣ {ǘǳŘŜƴŀŎ ŀƴŘ ±ƻŘƴƛ Řƻύ Ŏŀƴ ōŜ ŦƻǳƴŘΦ ¢ƘŜ ŀǊŜŀ ōŜƭƻƴƎǎ ǘƻ ǘƘŜ ƎŜƻƳƻǊǇƘo-

ƭƻƎƛŎŀƭ ōǊŀƴŎƘ bƛƪǎƛŏ ŦƛŜƭŘΣ ŀǎ ǘƘŜ ƭŀǊƎŜǎǘ ƪŀǊǎǘ ŦƛŜƭŘ ƛƴ aƻƴǘŜƴŜƎǊƻΦ ¢ƘŜ ǎƻƛƭǎ ŀǊŜ ƻǊƎŀƴƻ-mineral cal-

careous black soil and Brown soil on limestone.  

The soils were locally shallow with dolomite rocks without soil cover at the surface (Figure 13). 
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Figure 13Φ {ƻƛƭǎ ƻŦ ǘƘŜ a¦ ~ǘƛǘƻǾƻ ōŀǎŜŘ ƻƴ ǘƘŜ ǎƻƛƭ ƳŀǇ ƻŦ aƻƴǘŜƴŜƎǊƻ όмΥрлΦлллύ 

 

4.1.3.2.3 Climate 

The climate of the plots was modelled, based on the measured values (1961-1990) of the Institute for 

Hydrology and Meteorology of aƻƴǘŜƴŜƎǊƻ ŦƻǊ ǘƘŜ ŎƭƛƳŀǘƛŎ ǎǘŀǘƛƻƴ ƛƴ bƛƪǑƛŏ όCƛƎΦ мнύΦ ¢ƘŜ ƳŜŀƴ ŀn-

nual air temperature in this unit is 11oC, mean annual precipitation 1982 mm, the mean relative hu-

midity 71%.  
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Figure 14. Annual course of temperature and preciǇƛǘŀǘƛƻƴ ƻŦ ǘƘŜ ŎƭƛƳŀǘƛŎ ǎǘŀǘƛƻƴ bƛƪǑƛŏ όслл Ƴ ŀΦǎΦƭΦύ 

 

¢ƘŜ ƳŜŀǎǳǊŜŘ ǘŜƳǇŜǊŀǘǳǊŜ Řŀǘŀ ŀǘ bƛƪǑƛŏ ǿŜǊŜ ǳǎŜŘ ŀǎ ǊŜŦŜǊŜƴŎŜΦ 9ƭŜǾŀǘƛƻƴŀƭ ŘƛŦŦŜǊŜƴŎŜǎ ŦƻǊ ǘƘŜ 

individual plots were based on temperature lapse rates of 0,65o C (in summer and spring), 0,52 oC (in 

autumn) and 0,35 o / όƛƴ ǿƛƴǘŜǊύ ǇŜǊ млл Ƴ ŀƭǘƛǘǳŘŜ όaƛƭƻǎŀǾƭƧŜǾƛŏΣ мфууύΦ  

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 (1961) for different 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. April- 15. October), and 

particularly on shallow soils the conditions for tree growth are rather unfavorable. 

 

4.1.3.2.4 Vegetation 

The map of the potential natural forest vegetation zones of Europe showed two units: In the north-

ern and eastern part of the area Illyrian-dinaric altimontane beach forest, in the south and west Illyr-

ian-dinaric fir- beach forest (Figure 15). 
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Figure 15. Potential natural forest vegetation of the ǘŜǎǘ ŀǊŜŀ ~ǘƛǘƻǾƻ ōŀǎŜŘ ƻƴ ǘƘŜ 9ǳǊƻǇŜŀƴ aŀǇ 

(Bohn et al. 2000) 

 

4.2 Method development I: Data Preparation, Sampling Design and gen-

eral concept 

4.2.1 Background on Forest Site Mapping 

The major aim of developing FoSiM (Forest Site Mapping) is to provide an efficient and reliable con-

cept for forest site mapping with special focus on sparse data. The system should be simple and ap-

plicable by non-scientific staff. 

Minimum data requirements are a digital elevation model of 10m resolution, average summer pre-

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 forest map-

ǇƛƴƎ α!D {ǘŀƴŘƻǊǘǎƪŀǊǘƛŜǊǳƴƎ ƛƴ ŘŜǊ !ǊōŜƛǘǎƎŜƳŜƛƴǎŎƘŀŦǘ CƻǊǎǘŜƛƴǊƛŎƘǘǳƴƎ ώCƻǊǎǘliche 

{ǘŀƴŘƻǊǘǎƪŀǊǘƛŜǊǳƴƎΣ сΦ !ǳŦƭŀƎŜΣ нллоϐά of the German forest planning agencies.  

ForSiM is an integrated concept comprising the 

Á selection of representative sampling locations 

Á preparation of initial concept maps 

Á integration of soil and vegetation field survey data 

Á 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 covari-
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ates and conducted according 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 map (Figure 16). 

 

Figure 16. General concept and workflow of the FoSiM approach 

 

The relevant soil properties required in FoSiM are reduced to the fundamental properties required. 

The following properties are crucial: 

Á water balance 

- available field capacity in the root zone 

Á base saturation 

Á 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 site type results from climate, soil and terrain conditions 

Á climate and terrain determine the growing zone 

Á climate, soil and terrain determine the water balance 

Á soil and vegetation determine the nutrient regime 

The growing zone changes locally based on terrain position and regionally based on elevation and the 

geographical location. In FoSiM the growing zones is factored in by the altitude zone and the differ-

entiation in sunlit and shaded terrain. 

Both the nutrient regime and the water balance level are influenced by the environmental condi-

tions. The most important factor are: 

Á available water capacity 

Á precipitation 

Á evapotranspiration 

Á terrain position and slope 

Á vegetation 
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The nutrient regime is a complex measure and thus not easy to determine with respect to forest site 

mapping. It is characterized by parent material, the weathering regime, vegetation, water fluxes and 

climate. Relevant datasets are 

Á Soil and parent material maps 

Á Soil survey data 

Á Vegetation survey data 

 

4.2.2 Development of a concept map 

A concept map 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 mapping should 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 Parent material 

The first level of the concept map in FoSiM consists of information 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: 

Á SH, SHk:  Shist 

Á Psh:   Sandstone 

Á C:   Hard Limestone and dolomite 

Á Ks:   Calcerous material 

 

4.2.2.2 Elevation zones 

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 terrain position 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: 

 

Table 3. Climate zones of the the Orjen 

Climate zone Altitude [m o. NN] 

eumediterran 0 - 400 

supramediterran 400 - 1100 

oromediterran 1100 - 1450 

altimediterran 1450 - 1700 

kryomediterran > 1700 
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4.2.2.3 Landform classification 

Terrain position and landform classes are typically used in soil and site mapping schemes. They de-

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 

insolation between May 15 and September 15. Three classes have been derived: 

Á Sunlit  925 ς 2000 kWh/m² 

Á Intermediate 825 -    925 kWh/m² 

Á Shaded       0 -    825 kWh/m² 

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 pixel (Figure 17) to determine so called geomorphons (Figure 18). The geomor-

phons are then aggregated to landform units (Figure 19). 

 

 

Figure 17. Basic concept of landform analysis using zenith and nadir angles. Stepinski and Jasiewicz 

(2011) 

 

 

Figure 18. Aggregation of viewing angles to geomorphons. Stepinski and Jasiewicz (2011) 

 

 

Figure 19. 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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Á peak  

Á ridge 

Á shoulder  

Á spur + slope  

Á hollow 

Á foot slope 

Á pit + valley 

 

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

results in: 

Á peak    (200) 

Á ridge    (300) 

Á shoulder   (400) 

Á spur + slope <= 30°  (560) 

Á spur + slope > 30°  (564) 

Á hollow <= 30°   (700) 

Á hollow > 30°   (704 / 740) 

Á foot slope <= 30°  (800) 

Á foot slope > 30°  (804 / 840) 

Á pit + valley   (900) 

 

4.2.2.4 Complexity of the concept map 

Combining the 10 resulting terrain classes with the solar insolation classes the concept map contains 

30 different terrain units. Including the parent material classes based on the soil map this sums up to 

ол ǳƴƛǘǎ ŦƻǊ ~ǘƛǘƻǾƻ όм ǇŀǊŜƴǘ ƳŀǘŜǊƛŀƭ Ŏƭŀǎǎύ ŀƴŘ сл ǳƴƛǘǎ ŦƻǊ .ƛŜƭŀǎƛŎƛŀ όн ǇŀǊŜƴǘ ƳŀǘŜǊƛŀƭ ŎƭŀǎǎŜǎύΦ 

 

4.2.3 Sampling Design 

Sampling design focusses covering the feature space ς 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 a sampling scheme based on non-overlapping 500*500m patches was devel-

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 

(Figure 20) and the random sampling is done using a GIS. Each combination should be samples more 

than once to estimate the variance. 

 

 

Figure 20. Pivot table (subset) used to derive the sampling patches 

 

 

Figure 21. Patch sampling structure iƴ ~ǘitovo 
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Figure 22. Sampling locations in Bjelascia (repeated samples are not shown) 

 

4.2.4 Field Survey 

The two Montenegrin doctoral candidates 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 on 271 plots. 

 

4.2.4.1 Vegetation  

On selected sample plots, relevés were recorded using the modified Braun-Blanquet-scale (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 rectangle and an adjacent soil profile (Figure 23). Plot size was 

100 m2, representing homogenous site conditions. 

The sample points were located in the field using 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/KA5), soil tex-

ture, stone content, humus content, lime content, root penetration, bulk density, pH-Value (in wa-

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 north). Climatic parameters were not measured in the 

field, they were modeled and attributed to each plot using existing climatic data from climatic sta-

tions. 

The structure of the vegetation was described by three layers: (1) Ground vegetation layer (height < 1 

m), (2) Shrub layer (height 1-5 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 Braun-Blanquet-scale (van der Maarel (1979). 
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Table 4). For numerical analyses this scale was transformed into a rank scale with a range from 0 to 9. 

 

Figure 23. Design of plots 

 

Table 4. Modified Braun-Blanquet-scale (Mueller-Dombois & Ellenberg 1974, van der Maarel 1979) 

 

The sample plots were grouped to define the forest types on a floristic base. Principally two 

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 was started, but could not be 

completed during this project. Applying ordination techniques the relations between spe-

ŎƛŜǎΣ ŦƻǊŜǎǘ ǘȅǇŜǎ ŀƴŘ ǎƛǘŜ ŦŀŎǘƻǊǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘΣ ǳǎƛƴƎ ǘƘŜ ǇǊƻƎǊŀƳ ά±ŜƎŀƴέ ǿƘƛŎƘ ƛǎ ƛƳǇƭe-

ƳŜƴǘŜŘ ƛƴ άwέ όƳŜǘƘƻŘǎ ŀƴŘ ǊŜǎǳƭǘǎ ƴƻǘ ǎƘƻǿƴ ƛƴ ǘƘƛǎ ǊŜǇort). 
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4.2.4.2 Soil  

Soil is surveyed with a minimal dataset in mind. The approach follows Caspari and Schack-Kirchner 

(2008). Relevant data are: 

 

Site: 

Á GPS coordinates 

Á Elevation 

Á Terrain position 

Á Date 

Á ID 

Á Geographic name 

Á Stone cover at surface in 10 % steps 

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

Á Soil type 

 

Profile: 

Á Name of the horizon 

Á Horizon depth  

Á Soil texture 

Á Stone content in 10% steps 

Á Stone type  

Á Humus content 

Á Soil color (Munsell) 

Á Bulk density 

Á (at least) one pH measurement in 0 - 60 cm 

Á (at least) one pH measurement in 60-100 cm 

 

4.3 Method development II: 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 describe a forest site type information on cli-

mate, vegetation and soil is required. Figure 24 shows the general relations between environmental 

conditions and forest 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 Site analysis 

Vegetation patterns are principally caused by the primary site factors 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 local topography. The water supply depends both from soil and climatic fac-

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 as additional relevant and 

classified basis data. 

 

4.3.2 Precipitation in summer 

For Montenegro precipitation in FoSiM is classified as described in Table 5: 

 

Table 5. Precipitation classes using for site mapping 

RRwarm [mm] Precipitation classes 

<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 horizon based on soil texture, stone content, bulk 

density and humus content. The AWC is derived based on existing transfer functions (Figure 25, Table 

6). 

 

Figure 25. Diagramm to derive the available water capacity based on soil texture. http://www.lgb-

rlp.de/fileadmin/cd2009/images/content/bodenuebersichtkarte/Diagramme_pt300.pdf  

 

Table 6. Water capacity for 10 cm depth based on soil texture. 

Á heavy clay   9 

Á sandy clay   11 

Á clay    12 

Á silty clay   12 

Á sandy clay loam 13 

Á clay loam   15 

Á silty clay loam  15 

Á sand    11 

Á loam sand   15 

Á sandy loam  18 

Á loam    19 

Á silty loam   22 

Á silt    29 

 

The values shown in Table 6 are corrected by stone content and summed up for the entire profile 

according to the flowing functions: 

 

AWChor i zon = ( AWCt ab *  s t one cont ent  [ %] / 100)  *  dept h [ dm]  

AWCpr of i l e = AWChor i zon_n1 + AWChor i zon_n2 + . . .  AWChor i zon_n 

 

http://www.lgb-rlp.de/fileadmin/cd2009/images/content/bodenuebersichtkarte/Diagramme_pt300.pdf
http://www.lgb-rlp.de/fileadmin/cd2009/images/content/bodenuebersichtkarte/Diagramme_pt300.pdf
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To classify the AWC aiming to characterize the water regime FoSiM uses the following classes for 

Montenegro: 

 

Table 7. AWC classes 

AWC [mm] AWC classes 

1 - 10 1 

10 - 25 2 

25 - 45 3 

45 - 65 4 

65 - 95 5 

95 - 130 6 

> 130 7 

 

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 tables (Table 8). 

 

Table 8. Transformation matrix to determine WBL based on AWC mit Hilfe der Reliefelemente und 

der Sonneneinstrahlung [nFK > 45mm] 
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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 Balance (CWB) was calculated for given time periods based on data from precipi-

tation (P, in mm) and potential evapotranspiration (ETpot, in mm). (Allen et al. 1998): 

 

CWB = P - ETpot 

 

Precipitation data are available from climatic stations. For specific sample plots, they have to be ad-

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. 

Evaporation is normally included as potential evapotranspiration (ETpot) (Allen 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 Penman-Montheith-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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ETpotTurc= 0,013*(Tave/Tave+15)*(Rs+50) 

Tave = average temperature (oC), Rs = solar insolation (g calori./cm2); 

˂  Ґ  ƭŀǘŜƴǘ ƘŜŀǘ ƻŦ ǾŀǇƻǊƛǎŀǘƛƻƴ ό˂ҐнΣнсптс aWκYƎύΤ 

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 Standortskartierung in der Arbeitsgemeinschaft Forsteinrichtung 

(2016): 

 

AWChorizon = (AWCtab * (1-stone.c[%]/100)) * depth [dm] 

AWCprofile = AWChorizon_n1 + AWChorizon_n2 + ... AWChorizon_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 year. Low 

temperature can cause chilling effects (for tropical plants), frost damage (including frost drought) at 

tree lines. Therefore for site classification, absolute minimum temperatures, length and severity of 

winter period are important. 

High temperature results in a decrease of photosynthesis and an increase heat respiration and finally 

death. Additionally, high temperature leads to increased evapotranspiration which can cause short-

age of water supply, drought stress and beyond the wilting point of a plant finally its death. There-

fore for site classification, absolute maximum temperatures, and length and severity of periods with 

high temperatures are important. 

Optimum temperature for photosynthesis and growth is species-specific, in the majority of plants it 

ranges between 5 and 30o C. 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 & Körner 

2012, Körner 2003). Therefore for site classification, the length of vegetation period is 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 and bio-chemical processes in 

soils. Data available to characterize the nutrient regime are 

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

Á vegetation survey data (field survey data) 

Estimators to classify nutrient regime are: 

Á Trophic level 

Á pH values in different soil depth  

Á parent material of the soil map 1:50.000 

Trophic data were derived from the pH values (in H2O) of soil horizons which were measured during 

the field work. The pH-ǾŀƭǳŜǎ ǿŜǊŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ōŀǎŜ ǎŀǘǳǊŀǘƛƻƴ ŦƻƭƭƻǿƛƴƎ CǳǑǘƛŏ ϧ 7ǳǊŜǘƛŏ όнлллύΦ 

Six trophic classes were defined (see Figure 26). 

 

 

Figure 26. Nutrient regime 

 

4.3.8 Decision matrix to classify the nutrient regime 

The decision matrix to classify the nutrient regime is shown in Table 9 and the classification matrix 

for base saturation is presented in Figure 27. 

 

Table 9: Decision matrix to classify the nutrient regime 

Classes Properties    

  
Parent material (soil map) 

  

0 NA    

1 high:  base-rich  (e.g. limestone)  
2 intermediate:  base-poor 

to base-rich 
(e.g. silt)  

3 low:  base-poor  (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 content for 
base poor parent material 

1 high: base rich parent material, stone content > 25 % (e.g. limestone) 
2 intermediate: base-poor to base-rich parent material, stone content > 50 % (e.g. silt) 
3 low : base-poor parent material, stone content > 50 % (e.g. weathered sandstone) 
       

pH value for different depth intervals 

 

0 NA topsoil pH value subsoil pH value  
1 entire profile  =>6.5  base rich 
2 topsoil  < 6.5  > 6.5  deep base rich 
3 entire profile 5 - 6.5  base rich 
4 topsoil  <5 5 - 6.5 deep base rich 
5 topsoil  5 - 6.5  < 5  shallow base rich 
6 entire profile  < 5  base poor 
       

Trophic level based on vegetation survey 

 

0 NA    

1 Eutrophic    

2 Mesotrophic    

3 Oligotrophic    

 

 

    

 

Figure 27. Classification matrix for base saturation 

 

4.3.9 Classification of parent material classes of the soil map 1:50.000  

Table 10 shows the classification of the parent material classes with respect to trophy of the soil map 

1:50.000 as used in FoSiM for Montenegro. 

 

Table 10. Classification of the parent material classes of the soil map 1:50.000 

GEO_ENG Base classification km² 

Alkaline igneous rocks 1 342 
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Andesits 1 40 

Carbonate (drobine) 1 292 

Carbonate-silicate 2 1.253 

Clay 1 0,3 

Clay to ilite 1 27 

Conglomerates 2 11 

Diabase 1 22 

Dolimites to hard limestones and dolomites 1 82 

Dolomites 1 110 

Flysh 2 979 

Gravel 2 174 

Gravel, conglomerates 2 1,7 

Hard limestones and dolomite 1 8.424 

Hard limestones and dolomites to dolimtes 1 88 

Hard limestones and dolomites to hornstones 1 44 

Hard limestones and dolomites; gravell 1 1,4 

Hard limestones and dolomites; marl 1 2,3 

Hornstone 2 10 

Illite 1 2,0 

Illite, clay 1 16 

Illite, marl 2 32 

Illite-sandstone 2 38 

Keratophyre 1 0,7 

Marl 1 68 

Marl to conglomerate 1 7,5 

Marl to hard limestones and dolomites 1 151 

Metamorph 2 0,1 

Mixed carbonate rocks 2 11 

Pliocene formation 2 7,0 

Quartzite 3 45 

Relict tera rossa 2 80 

Sandstone 2 1.183 

Sandstone, gravel 2 19 

Sandstone, shisht, (glinci) 2 62 

Sandstone, shist 2 222 

Sandstone, stone clay 2 8,1 

Schist 2 753 

Serpentin to hard limestones and dolomites 1 2,2 

Serpentines 1 0,3 

Soft limestones 1 225 

Soft limestones to gravel 1 1,9 

Standstone, stone clay 2 0,2 
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(Empty) 0 1.280 

Summary 

 

16.116 

   

4.4 Method development III: Classification of forest types 

4.4.1 Relevance 

Until now, the knowledge of the vegetation types of Montenegro is incomplete, and their site de-

mands and distribution limits under natural conditions is poor. Montenegro has a long-lasting land 

use history, which influenced the species composition, the community structure, of species and veg-

etation units and their distribution limits under natural conditions, i.e. under exclusion of human 

influence. The existing maps of the potential natural forest vegetation are general and of low preci-

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, quantifying clas-

sification and mapping of forest sites, and science-based relation of tree species to sites. This basic 

knowledge will necessary for international reporting, nature conservation, and site-adapted forest 

management and timber production. Because of these demands, a method was developed for 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 base for mod-

elling future climate scenarios (Hickler et al. 2012). 

Based on the methods for a criteria-based plot selection, and a conceptual framework to record rele-

vant site information for the temperature, water and nutrient regime, the vegetation parameters 

were recorded, and combined with the site information.  

 

4.4.2 Vegetation analysis: Classification and ordination of forest types 

Two case study regions were selected ƛƴ ŦƻǊƳ ƻŦ ǘƘŜ ǘǿƻ ŦƻǊŜǎǘ ƳŀƴŀƎŜƳŜƴǘ ǳƴƛǘǎ όa¦ύ ά.ƛŜƭŀǎƛŎŀέ 

(by  Milan Gazdiŏύ ŀƴŘ ά~ǘƛǘƻǾƻέ όōȅ {ǊŘƧŀƴ tŜƧƻǾƛŏ). In these two study regions, the site characteris-

tics and the forest vegetation were inventoried.  

¢ƘŜ ǎƻƛƭǎ ŎƻǳƭŘ ōŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōŀǎŜŘ ƻƴ CǳǑǘƛŏ ϧ 7ǳǊŜǘƛŏ όнлллύ ŀƴŘ ƻǿƴ ŦƛŜƭŘ ŘŀǘŀΦ 

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 and lee-

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

the macroclimatic most similar station was used as reference (Bjelopolje for Bjelasica; Niksiŏ ŦƻǊ ~ǘi-

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 

όaƛƭƻǎŀǾƭƧŜǾƛŏΣ мфууύΥ aŜŀǎǳǊŜŘ ǘŜƳǇŜǊŀǘǳǊŜ Řŀǘŀ ŦǊƻƳ ŎƭƛƳŀǘƛŎ ǊŜŦŜǊŜƴŎŜ ǎǘŀǘƛƻƴǎ ǿŜǊŜ ǳǎŜŘ ǘƻ 

model the regional variability including elevational differences. These calculations were based on a 

temperature lapse rates of 0,65o C (in summer and spring), 0,52 o C (in autumn) and 0,35 o C (in win-

ǘŜǊύ ǇŜǊ млл Ƴ ŀƭǘƛǘǳŘŜ όaƛƭƻǎŀǾƭƧŜǾƛŏ мфууύΦ 

The actual distribution patterns of the forest trees were related to the relevant site factors. The re-

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 suitability and productivity, could not be performed. 

 

4.4.3 Construction of potential 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 distribution of the tree species. The following 

assumptions were made: 

The climax tree species beech (Fagus sylvatica) and Fir (Abies alba) are not limited by competition 

through other tree species, but by abiotic site factors (Ellenberg and Leuschner 2010). This allows 

direct conclusions with respect to their ecological niches under natural conditions. 

Light-demanding tree species, namely pines (Pinus heldreichii) and other pioneers, are limited by 

competition of shade-creating canopy trees, and not by abiotic site factors, at least locally or in the 

region. On sites where beech and fir can grow light-demanding 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 of the potential 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 and WP 2. Few factors influenced the delay of this working activity. A manifold of 

challenges resulting from the organization of project activities at the beginning of the project influ-

enced the late start for this analysis. Furthermore, there was a certain delay of the necessary data 

delivery and a country-wide Digital Elevation Model, which caused a late start of this analysis, which 

is still ongoing. The site productivity and site suitability assessment2 in Montenegro is being carried 

out within one of the doctoral theses within the project, which has an overall aim to identify from 

existing literature the decision-making criteria for tree species selection suitable to the site, to cate-

gorize them and to identify their priorities. The output is a set of recommendations for tree species 

selection suitable to the site, also according to the priorizition of forest functions. In a second stage, 

the aim is to demonstrate the implementation of the identified decision-making criteria through the 

example of Montenegro. This will be done through (a) analysis of tree species performance in rela-

tion to site conditions and ecological thresholds within the recognized decision-making criteria; and 

(b) analysis of tree species distribution under current and climate change conditions and develop-

ment of a scientific basis for recommendation of tree species selection suitable to the site for Mon-

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 Sofche Spasikova. 
The analyses of this thesis will be carried out on the entire area of Montenegro. The doctoral theses of Srdjan Pejovic, and Milan Gazdic 
ŜƴŎƻƳǇŀǎǎ ŀƴŀƭȅǎŜǎ ƻŦ ǎƛǘŜ ŎƻƴŘƛǘƛƻƴǎ ŦƻǊ ǘƘŜ ǘǿƻ ǘŜǎǘ ŀǊŜŀǎ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘΣ a¦ ~ǘƛǘƻǾƻ ŀƴŘ a¦ .ƧŜƭŀǎƛŎŀ ǊŜǎǇŜŎǘƛǾŜƭȅΦ  
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Á Climatic data (temperature, precipitation) for estimating growing zones and climatic water bal-

ance; climate projections for Montenegro for simulating future distribution of tree species 

Á Digital Elevation Model (DEM) for the description of topography and estimation of energy re-

sources, like solar radiation and correction of the estimated climatic water balance. 

Á 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 Forest Inventory (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 insolation and landform 

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 values. Table 11shows the results for Bjelasica,  

Table 12 ŦƻǊ ~ǘƛǘƻǾƻΦ ¢ƘŜ ƳŜŘƛŀƴ όŦƛŜƭŘǎ ƳŀǊƪŜŘ ƛƴ ƎǊŜŜƴύ ǿŀǎ ǳǎŜŘ ƛŦ ǇƻǎǎƛōƭŜ ǘƻ ƳƛƴƛƳƛȊŜ ǘhe influ-

ence of outliers.  

 

Table 11: Frequency of the WBL classes in Bielscia in relation to RRwarm, landform unit [Geom] and 

total insolation [TI] 

 

 

Table 12. Frequency of the WBL classes in ~ǘƛǘƻǾƻ in relation to RRwarm, landform unit [Geom] and 

total insolation [TI] 
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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 joined to the polygons of the 

concept map. Table 13 and Table 14 ǎƘƻǿ ǘƘŜ ǘǊŀƴǎŦŜǊ ǘŀōƭŜǎ ŦƻǊ .ƧŜƭŀǎƛŎŀ ŀƴŘ ~ǘƛǘƻǾƻΦ Figure 28 and 

Figure 29 ǎƘƻǿ ǘƘŜ ǊŜƎƛƻƴŀƭƛȊŜŘ ².[ ŦƻǊ .ƧŜƭŀǎƛŎŀ ŀƴŘ ~ǘƛǘƻǾƻΦ 

 

Table 13. Transfer table of WBL, Bjelasica 
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Table 14. ¢ǊŀƴǎŦŜǊ ǘŀōƭŜ ƻŦ ².[Σ ~ǘƛǘƻǾƻ 

 

 

 

Figure 28. WBL in Bjelasica 

 



 

 

43 

 

 

Figure 29Φ ².[ ƛƴ ~ǘƛǘƻǾƻ 

4.6.2 Nutrient regime 

To regionalize the base saturation information of the soil map as well as the landform units is re-

quired (Table 15).  
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Table 15. Frequency of the base saturation classes in relation to landform unit and parent material in 

Bielscia [ri = rich, ri-me = rich to medium, med = medium, poor = poor] 

 

 

The final site map is a result of an overlay of the WBL and base saturation regionalization. Additional-

ly, a temperature layer is added to account for differences in growing zones. The final results are 

shown in Figure 30 and Figure 31 for Bjelasica and Figure 32 and Figure 33 ŦƻǊ ~ǘƛǘƻǾƻΦ 
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Figure 30. Sitemap of Bjelasica 

 

 

Figure 31. Sitemap of Bjelasica with growing zones 
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Figure 32Φ {ƛǘŜƳŀǇ ƻŦ ~ǘƛǘƻǾƻ 

 

 

Figure 33Φ {ƛǘŜƳŀǇ ƻŦ ~ǘƛǘƻǾƻ ǿƛǘƘ ƎǊƻǿƛƴƎ ȊƻƴŜǎ 
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4.7 Case studies: Regionalization of forest types 

4.7.1 Actual forest flora  

The sampling provided an overview of the actual vegetation. The actual vegetation and site factors 

were sampled on 161 plots in MU Bjelasica and 120 plots ƛƴ a¦ ~ǘƛǘƻǾƻ. In total they contained near-

ly 200 vascular plant taxa (chapter 10, Appendix 3). 

 

4.7.2 Actual distribution of tree species 

4.7.2.1 MU Bjelasica 

The actual distribution of the main tree species beech, fir, and Hop hornbeam (Ostrya carpinifolia) 

was related to the actual site conditions. Based on the complete species composition, forest types 

could be described. 

The climatic water balance of sample plots in Bijelasica was mainly influenced by elevation (models 

of precipitation and temperature follow elevation) and elevation combined with exposition and incli-

nation (= irradiation) (potential evapotranspiration after Turc 1961). It could be shown, that 

Á beech is able to grow on all sites (Figure 34) 

Á fir is absent when precipitation is less than 900 mm per year (Figure 35) 

Á spruce can become dominant when precipitation exceeds 1400 mm per year, i.e., in high alti-

tudes. It is absent on plots with precipitation <900 mm per year (Figure 36) 

Á Hop hornbeam (Ostrya carpinifolia) occurs on plots with low precipitation (< 1200 mm per/year) 

combined with high evapotranspiration (< 3,5 mm/per day daring the year) (Figure 37). 

Á  

 

Figure 34. Occurrence and coverage of Fagus sylvatica in relation to potential evapotranspiration 

(ETref) and precipitation. 
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Figure 35. Occurrence and coverage of Abies alba in relation to potential evapotranspiration (ETref) 

and precipitation. 

 

 

Figure 36. Occurrence and coverage of Picea abies in relation to potential evapotranspiration (ETref) 

and precipitation. 
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Figure 37. Occurrence and coverage of Ostrya carpinifolia in relation to potential evapotranspiration 

(ETref) and precipitation 

 

The climatic water balance is modified by the soil water storage capacity. This interacts with the cli-

matic water balance. For the occurrence of fir could be shown (Figure 35), 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 species; (2) 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. They bear the potential for fir under natural conditions, but also under improved silvi-

cultural management. 
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Figure 38. Relation between AWC (available soil water storage capacity), CWB (Climatic water bal-

ance) during the summer period and distribution of Abies alba ƛƴ ƛƴ ǘƘŜ ŎŀƴƻǇȅ a¦ ά.ƧŜƭŀǎƛŎŀέΦ 

 

4.7.2.2  a¦ ~ǘƛǘƻǾƻ 

The actual distribution of the main tree species beech, fir, Balkan Pine (Pinus heldreichii) was related 

to the actual site conditions. 

The climatic water balance of sample Ǉƭƻǘǎ ƛƴ ~ǘƛǘƻǾƻ ǿŀǎ Ƴŀƛƴƭȅ ƛƴŦƭǳŜƴŎŜŘ ōȅ ŜƭŜǾŀǘƛƻƴ όƳƻŘŜƭǎ ƻŦ 

precipitation and temperature follow mainly elevation) and elevation combined with exposition and 

inclination (= irradiation) for the calculation of the potential evapotranspiration after Turc (1961). It 

could be shown, that 

Á High evapotranspiration and shallow soil limit beech (and fir), therefore creating the spatial niche 

for the light-demanding Pinus heldreichii (Figure 39) 

Á Pinus heldreichii is not limited by lack of water, but excluded by competition. On moist sites, 

beech and fir would predominate, but Pinus heldreichii can also grow, if the shade-creating climax 

species are removed after severe distrubance, e.g., logging or fire (Figure 40). That means in in the 

climax forest Balkan Pine can be only a minor species (temporal successional relict species), or 

completely absent. 
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Figure 39. Drought limit of Beech (Fagus sylvaticaύ ŀǘ a¦ ~ǘƛǘƻǾƻΦ IƛƎƘ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǘƛƻƴ ŀƴŘ ǎƘŀl-

low soil limit beech. 

 

 

Figure 40. Distribution of Pine (Pinus heldreichiiύ ŀǘ a¦ ~ǘƛǘƻǾƻΦ tƛƴǳǎ ƘŜƭŘǊŜƛŎƘƛƛ ƛǎ ƴƻǘ ƭƛƳƛǘŜŘ ōȅ ǎƛǘŜ 

factor water, but excluded by competition. On moist sites it can be a temporal component in form of 

a successional relict species. 
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4.7.3 Actual forest 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 commercial production forests which means extraction of firewood 

and timber. 

CƻƭƭƻǿƛƴƎ ǘƘŜ {ŜǊōƛŀƴ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ό¢ƻƳƛŏΣ нллпύ ǘƘŜǎŜ ŦƻǊŜǎǘ ǘȅǇŜǎ ǿŜǊŜ ŘƛǎǘƛƴƎǳƛǎƘŜŘΥ 

1. Abieti-Fagenion moesiacae 

General characteristics of the habitat:  

Á Elevation: 800 to 1800 m; 

Á Mean annual temperature: 5-8oC (year), 10-14oC (vegetation period); 

Á Mean annual precipitation: 1100-2800 mm (per year); 

Á Soil: deep, acidic, brown soils, pH 4,5-5,5 (in water); 

Á Floristic composition: Fagus sylvatica, Abies alba, Picea abies, Acer pseudoplatanus, Sorbus aucu-

paria, Lonicera nigra, Mycelis muralis, Galium odoratum, Aremonia agrimonioides, Fragaria vesca, 

Rubus hirtus, Epilobium montanum, Geranium robertianum, Dryopteris filix-mas, Prenanthes pur-

purea, Viola reichenbachiana, Oxalis acetosella, Athyrium filix-femina, Daphne blagayana, Anem-

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

 

2. Luzulo-Fagenion moesiacae 

Á Elevation_: 800-1600 m; 

Á Slope: 20o-40o; 

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

Á Floristic composition: Luzula luzuloides, Fagus moesiaca, Veronica officinalis, Mycelis muralis, 

Festuca drymeia, Viola reichenbachiana, Dryopteris filix-mas, Galium odoratum. 

 

3. Fagenion sylvaticae submontanum 

Á Elevation: 500-1300m; 

Á Soil: brown soil on silicate parent material; 

Á Floristic composition: Fagus sylvatica, Carpinus betulus, Prunus avium, Acer campestre, Acer 

pseudoplatanus, Corylus avellana, Pyrus pyraster, Sambucus nigra, Rosa sp., Fragaria vesca, Rubus 

hirtus, Dryopteris filix-mas, Mycelis muralis, Allium ursinum, Hedera helix, Geranium robertianum, 

Geum urbanum, Poa nemoralis, Helleborus odorus, Athyrium filix-femina, Anemone nemorosa. 

 

4. Ostryo-Fagenion moesiacae 

Á Elevation: 850-1000 m; 

Á Soil: shallow; 

Á Slope: steep. 

Á Floristic composition: Ostrya carpinifolia, Fagus sylvatica, Quercus petraea, Q. cerris, Lonicera 

nigra, Sesleria rigida, Sesleria argentea, Veronica officinalis, Vaccinium myrtillus. 
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4.7.3.2 a¦ ~ǘƛǘƻǾƻ 

Three vegetation types were identified, based on the dominating tree species: Beech forest 

όαCŀƎŜǘǳƳ ƳƻƴǘŀƴǳƳέύ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ǎǘŀƴŘǎ ǿƛǘƘ ǇǳǊŜ ōŜŜŎƘ ŀƴŘ ōŜŜŎƘ-fir-mixed forest; Pine for-

Ŝǎǘ όάtƛƴŜǘǳƳ ƘŜƭŘǊŜƛŎƘƛƛ ƳŜŘƛǘŜǊǊŀƴŜƻ-ƳƻƴǘŀƴǳƳέύΤ ŀƴŘ ǎǳōŀƭǇƛƴŜ WǳƴƛǇŜǊ ǎƘǊǳōƭŀƴŘ όWǳƴƛǇŜǊŜǘǳƳ 

nanae-intermediae). 

 

Fagetum montanum (51 plots) 

Wide-spread, typƛŎŀƭ ǎǇŜŎƛŜǎ ƛƴ ~ǘƛǘƻǾƻ ōŜŜŎƘ ŀƴŘ ōŜŜŎƘ-fir-forests were Fagus silvatica, Prenanthes 

purpurea, Anemone nemorosa, Dryopteris filix-mas, Epilobium angustifolium, Lamium galeobdolon, 

Veronica urticifolia, Veronica officinalis, Viola  reichenbachiana, Epilobium montanum. 

 

Pinetum heldreichii mediterraneo-montanum (37 plots) 

The pine tree species Pinus heldreichii Christ. can be regarded as a Tertiary relict and subendemic 

species of the western part of the Balkan Peninsula. The community dominated by that tree is wide-

ǎǇǊŜŀŘ ƛƴ ǘƘŜ Ƴƻǳƴǘŀƛƴǎ ŀǊƻǳƴŘ bƛƪǎƛŎ ό~ǘƛǘƻǾƻΣ aŀƎŀƴƛƪ ŀƴŘ tǊŜƪƻǊƴƛŎŀύΦ ¢ƘŜ Pinetum heldreichii 

mediterraneo-ƳƻƴǘŀƴǳƳ ŦƻǊŜǎǘǎ ƛƴ ~ǘƛǘƻǾƻ  are exposed to strong anthropogenic pressures including 

fire.  

Wide-ǎǇǊŜŀŘΣ ǘȅǇƛŎŀƭ ǘŀȄŀ ƛƴ ~ǘƛǘƻǾƻ ǇƛƴŜ ŦƻǊŜǎts were Pinus  heldreichii, Juniperus nana, Dianthus 

petraeus, Sorbus aria, Hieracium_sp, Hieracium tomentosum, Arctostaphylos uva-ursi, Potentilla 

erecta, Coronilla coronata, Asperula scutellaris, Galium lucidum, Gentiana asclepiadea, Hieracium 

pavichii , Veratrum album. 

¢ƻǿŀǊŘǎ Ŝŀǎǘ ǘƘŜǊŜ ƛǎ ŀ ƎǊŀŘǳŀƭ ǘǊŀƴǎƛǘƛƻƴ ǘƻ ǘƘŜ αtƛƴŜǘǳƳ ƘŜƭŘǊŜƛŎƘƛƛ ōŜǊǘƛǎŎǳƳά .ƭŜő мфрф ƛƴ ǘƘŜ 

Komova and Prokletija region ό.ƭŜőƛŏ and [ŀƪǳǑƛŏ мф70) 

 

Juniperetum nanae-intermediae shrubland (22 plots)  

The vegetation with mountain juniper (Juniperetum nanae-intermediae) occurs at high altitudes in 

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

scribed under the name Juniperetum nanae-ƛƴǘŜǊƳŜŘƛŀŜ όWƻǾŀƴƻǾƛŏΣ мфроύΦ Lƴ ~ǘƛǘƻǾƻ ƛǘ ǿŀǎ ǎŀƳpled 

at high altitudes between 1500 and 2100 m a.s.l.. 

Wide-ǎǇǊŜŀŘΣ ǘȅǇƛŎŀƭ ǘŀȄŀ ƻŦ ǘƘƛǎ ǎǳōŀƭǇƛƴŜ ǎƘǊǳōƭŀƴŘ ƛƴ ~ǘƛǘƻǾƻ ǇƛƴŜ ŦƻǊŜǎǘǎ ǿŜǊŜ Juniperus nana, 

Lonicera formanekiana, Potentilla erecta, Hieracium_sp, Hieracium tomentosum, Sorbus aria, Coronil-

la coronata, Asperula scutellaris, Galium lucidum, Veratrum album. 
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Figure 41. Distribution of beech- and pine-ŘƻƳƛƴŀǘŜŘ ŦƻǊŜǎǘ ǘȅǇŜǎ ƛƴ a¦ ~ǘƛǘƻǾƻ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ 9¢pot 

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 relevant factor. 

 

4.7.4 Application of method to construct the potential natural forest vegetation  

The information of the actual distribution of a certain species, e.g., a tree species, and their site pa-

rameters (on sample plots) allows us to identify its physiological 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 communities, e.g., forest types, could be performed by relating the forest type identified for a 

near-natural sample plot with the site data. 

 

4.7.4.1 Potential natural distribution of tree species 

From the actual distribution of selected tree species, conclusions can be drawn with respect to their 

ƻŎŎǳǊǊŜƴŎŜ ǳƴŘŜǊ ǇƻǘŜƴǘƛŀƭ ƴŀǘǳǊŀƭ ŎƻƴŘƛǘƛƻƴǎΦ CƻǊ ǘƘŜ н ŎŀǎŜ ǎǘǳŘƛŜǎ ƛƴ .ƧŜƭŀǎƛŎŀ ŀƴŘ ~ǘƛǘƻǾƻ ƛǘ ŎƻǳƭŘ 

be shown, that within these management units clear ecological limits for the tree species can be 

detected. It could be shown, that 

Á The climax tree species beech (Fagus sylvatica) and Fir (Abies alba) are not limited by competition 

through other tree species, but by abiotic site factors (Ellenberg and Leuschner 2010). This allows 

direct conclusions with respect to their ecological niches under natural conditions. 

Á Light-demanding tree species, namely pines (Pinus heldreichii) and other pioneers, are limited by 

competition of shade-creating canopy trees, and not by abiotic site factors, at least locally or in 

the region. On sites where beech and fir can grow light-demanding tree species can occur as pio-

 

ETref-Turc 
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neers after disturbance (e.,g., fire, clearcut); in the climax forest they can be a minor species, or 

completely absent. 

Á High evapotranspiration and shallow soil limit beech (and fir), therefore creating the spatial niche 

for the light-ŘŜƳŀƴŘƛƴƎ ǘǊŜŜǎΣ ƛƴ ~ǘƛǘƻǾƻ Pinus heldreichii. 

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

be confirmed and enlarged by further studies. Based on the existing 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 the forest 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 under a man-made oak or spruce forest which replaces poten-

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 for the construction of the pnV, because the tree species have a strong influence of 

the complete species composition. Sample plots assessed to be near-natural have the function to act 

as reference for vegetation-site-relationships, identifying the plant community 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 change. For in-

stance, drought may limit beech at low elevation, and temperature related 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: 

Á Identification of existing ecological limits of tree species, optimally under near-natural conditions 

Á Quantification of these limits in form of formulas describing the relation between the site factors 

Á Using thematic maps of site factors to relate them to the detected ecological limits of the tree 

species. 

Á The construction of the model of the pnV of the plant communities (forest types) principally fol-

lows the same procedure. 

 

4.8 Work package 3 ς Forest Ecological Geodatabase (FEGDB) 

4.8.1 Background and objectives 

The concept behind the development of a forest ecological geodatabase (FEGDB) 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 management and as in-

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 and nature protection is 
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spread out in different institutions or organization, making their utilization very time and effort con-

suming. 

Making all of the data available through one single database would allow each institution to use it 

whenever needed. For the Forestry sector access to data from the environmental and nature protec-

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 database or platform 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 interest-

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 kick-off workshop (28.11.2013) the concept for achieving this goal was presented and 

accepted from all partners. It includes the following work steps: 

¶ Work step 1: Evaluation of the current status regarding forestry and environment related geo-

data (already described in chapter 4.1.1) 

¶ Work step 2: Assessment of GIS standards and web based geodatabases in the forest and envi-

ronmental sector  

¶ Work step 3: Design and development of a prototype for a forest ecological geodatabase 

όC9D5.ύά 

 

4.8.2 Work step 2: Assessment of GIS standards and web based geodatabases  

All partner institutions were visited and interviewed about the existence, design and content of GI-

systems respective spatial databases.  

Á 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.  

Á Ministry of Agriculture 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 central database containing 

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 Admin-

istration headquarter). 

Á Ministry of sustainable development 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. 

Á Institute for Hydrometeorology and Seismology (HMZCG): GIS and remote sensing software is 

available and 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 web-GIS is not existing. 

Á Environmental Protection Agency (EPAM): Individual GIS workstations are available at the agen-

cy. There is no central geodatabase with forest, vegetation or biodiversity information. 

The survey showed:  

Á GIS workstations are available in each institution, but as individual desktop systems.  
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Á With exception of REA and HMZCG the partners do not manage data in central geodatabases.  

Á Forest Management Plans are available in one database, but without link to spatial entities 

(FMU, Compartment, Sub-Compartments, Forest roads)  

Á A central geodatabase with forestry or nature protection related data is not ς yet ς available in 

MARD or MSDT 

Á Data sharing between Ministries and institutes is not possible. 

Á Data access for the public is not possible 

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

Geodatabase (FEGDB) 

There was and is no central geodatabase in MARD, the Forest Administration or MSDT nor EPAM. As 

consequence a prototype of a web-based FEGDB using open source products was developed. It shall 

serve as a first framework and a show-case of a future integrated geo-portal of the Forest Admin-

istration or EPAM. 

The draft concept for the geodatabase was already presented during the kick-off workshop in Podgo-

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

Figure 42 shows the main components of the system. 

 

Figure 42. Concept of the Forest Ecology Geodatabase (FEGDB) 

 

4.8.3.1 Information content  

As previously described the necessity for such a geodatabase is to compile all available information 

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

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

The second part of the data is project specific and would be incorporated in the geodatabase at the 

end of the project. These are the results of the first two work packages, namely the forest site map 

and map of potential natural forest vegetation of the study sites. The datasets of the prototype 

C9D5. Ŏŀƴ ōŜ ǎŜŜƴ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ƭƛƴƪ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ά¦ǎŜǊ DǳƛŘŜ ŦƻǊ ǘƘŜ ²Ŝō DL{ tƭŀǘŦƻǊƳέ όǎŜŜ 

chapter 11, Appendix 4). Moreover the build in datasets are marked in the chapter 8, Appendix 1. 
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4.8.3.2 The Geodatabase 

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 kick-off meeting it was decided that the 

system would be based on freely available and open source technologies, which would reduce the 

implementation costs but allows upgrades and improvements in the future. The decision on which 

system the geodatabase would be set up, was based on that principle. According to previous experi-

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 benefits of the system are as follows: 

Á Free of license fees  

Á Provides standard interfaces with most of the standard technologies used for setting up web-

based platforms 

Á Updates of the system do not require a purchase of a new license 

Á It can be set up on one place and accessed locally and remotely. 

 

4.8.3.3 Web Interface 

The setup of the geodatabase in PostgreSQL is already a step forward into sharing the data between 

the different ministries and institutions. This however does not allow for a simple utilization of the 

data, especially for users that are not familiar with databases and GIS. 

In order to make the system more user friendly, the data from the geodatabase can be presented, 

visualized and used on a web based system. Such a system allows to present the data in thematic 

maps online, and has a familiar look as nowadays the utilization of web-based 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 Montene-

grin institutions, with the intention of building up the system internally at one central place in Mon-

tenegro. Below we shortly give an overview of the key components in the system. 

Á Geoserver ς is a server for sharing spatial data. It provides interoperability with a wide selection 

of platforms 

Á Openlayers -  is an open source library used for displaying map and spatial data on web plat-

forms 

Á Javascript ς is a programming language used for development of web platforms. In this case it is 

used for customizing the GUI to fit the needs of the users 

With the combination of these components the Web-GIS system provides the following functionali-

ties: 

Á Storage of all data in one place 

Á Easy access to the data from different places simultaneously 

Á Access through a Web-GIS platform or directly in GIS as a WMS service 

Á Standardized format of the data  

Á Management of user accounts and rights 

Á Possibility to add and edit data 
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Figure 43. User interface of the Web-GIS platform: 1) Start page, 2) Example with European Vegeta-

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 for the 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 from inside 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 information will 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 range of environmental and forestry topics. For example, 

mapping of lynx habitats in Germany (http://luchsmonitoring.luchsprojekt-harz.de/) or a wild boar 

information system (http://www.bayerischerbauernverband.de/sis).  

The Web-GIS 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 partners. 

It can be accessed here: http://83.169.12.98/mne/login.php (Username for guests: guest123, Pass-

word: guest123). 

For a first step UNIQUE will host and administrate the prototype of the geodatabase. As soon as 

MARD and MSDT have decided, how the system shall be used and where the host server and admin-

istration can be placed, the system will be moved to this respective institution. Potential institutions 

discussed are the Forest Administration or EPAM.  

A ά¦ǎŜǊ DǳƛŘŜ ŦƻǊ ǘƘŜ ²Ŝō DL{ tƭŀǘŦƻǊƳέ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŀƴŘ ƛǎ ŀǾŀƛƭŀōƭŜ ŀǎ ǎŜǇŀǊŀǘŜ ŘƻŎǳƳŜƴǘ ŀt-

tached to this report (see chapter 11, Appendix 4). 

4.9 Work package 4: Concept for the use of the Forest Ecological Geoda-

tabase as 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 geodatabase (FEGDB) can be used. 

Approach 1: Web Based forest ecological geodatabase (FEGDB), which is freely accessible and pro-

vides interactive user interface 

The development of such a Web-DL{ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ άforest ecological ƎŜƻŘŀǘŀōŀǎŜέ is described 

in chapter 4.8.3 The tool is flexible, allows easy access to the Forest Administration, the MARD, pri-

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 the forest ecological geodatabase ŀǎ ŀ ƳƻŘǳƭŜ ǘƻ ǘƘŜ ƴŜǿ ǇƭŀƴƴŜŘ άCƻǊŜǎǘ 

LƴŦƻǊƳŀǘƛƻƴ {ȅǎǘŜƳ όCL{ύέΦ  ¢ŀǊƎŜǘ ƛǎ ǘƘŀǘ ǘƘŜ ƴŜǿ ǎǇŀǘƛŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ŀǊŜ Ŧǳƭly integrated in the FIS 

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 three steps: 

Á Work step 1: Assessment of the FIS and the status of development and implementation 

Á Work step 2: Assessment of the technical concept and design of the FIS for the existing compo-

nents 

http://luchsmonitoring.luchsprojekt-harz.de/
http://www.bayerischerbauernverband.de/sis
http://83.169.12.98/mne/login.php
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Á Work step 3: Proposal of a concept to connect FEGDB as a module of the FIS 

One important deviation from the planned steps 2 and step 3 was necessary as the survey under step 

1 (see chapter 4.9.2) showed that the planned 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 chapter 4.9.5. Instead of a full concept for the connection and integra-

tion a stepwise approach to establish a more comprehensive FIS based on the few existing compo-

nents is presented in chapter 4.9.2. 

 

4.9.2 Work Step 1: Assessment of the FIS status of development and implementa-

tion 

The relevant partners, Forest Administration and MARD (CMU) have been interviewed in the work-

shop in March 2015 to assess 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, administra-

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: 

Á CƻǊŜǎǘ ŘŀǘŀōŀǎŜΥ  {ƻŦǘǿŀǊŜ άh{bh±!3έ ƛǎ ǳǎŜŘ ǘƻ ŎƻƳǇƛƭŜ CƻǊŜǎǘ aŀƴŀƎŜƳŜƴǘ tƭŀƴǎΦ ¢ƘŜ Řŀǘa-

base with all valid Forest Management plans and nearly 300.000 ha of forest exists as MS-Access 

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

available.  

 

Figure 44. User interface of the software OSNOVA, which allows a utilization for forest sampling in-

ventories, forest management planning and as a central forest database 

 

Á {ƻŦǘǿŀǊŜ ŦƻǊ LƴǾŜƴǘƻǊȅ ŀƴŘ CƻǊŜǎǘ aŀƴŀƎŜƳŜƴǘ ǇƭŀƴƴƛƴƎΥ ¢ƘŜ ǎƻŦǘǿŀǊŜ άh{bh±!έ ƛǎ ŀƭǎƻ ǊŜƎu-

larly used to perform the sampling inventory and the stand description during Forest Manage-

ment Planning. 

                                                           

 

3 Product of GREENFOR, Belgrade 
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Á Geo-data of FMU, Compartments, forest stands are existing out of the forest management plan-

ning process, but are not managed in a geodatabase. An interface to the tabular data in the OS-

NOVA system is technically possible but is not established. 

 

Figure 45. Forest map in a GIS format: It contains compartment and stand boundaries inside of each 

Management unit, forest roads. In addition the location of the forest inventory plots are shown here. 

 

Á 5ŀǘŀ ǊŜǘǊƛŜǾŀƭ ŦǊƻƳ bŀǘƛƻƴŀƭ CƻǊŜǎǘ LƴǾŜƴǘƻǊȅΥ άbCL4έ Geodatabase and software to analyze the 

results of the National Forest Inventory 

                                                           

 

4 Product of GREENFOR, Belgrade 
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Figure 46. Retrieval software for the information of the National Forest inventory: Outputs are tables 

and maps 

 

Á Several other software modules are available mainly from GREENFOR, Belgrade and could be pur-

chased and incorporated fast: 

- Software for operational plans and annual budget planning 

- {ƻŦǘǿŀǊŜ ƳƻŘǳƭŜ ά9ǾƛŘέ ŦƻǊ ǊŜŎƻǊŘƛƴƎ ƻŦ ƘŀǊǾŜǎǘƛƴƎ ŀƴŘ ƻǘƘŜǊ ǎƛƭǾƛŎǳƭǘǳǊŀƭ ŀŎǘƛǾƛǘƛŜǎ ƭƛƪŜ Ǉƭŀƴt-

ing or tending 

Finally it can be stated that the existing FIS concept is only implemented to a very low extent at the 

moment. Therefore, 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 concept and design of the FIS for the existing components 

could only be performed for the few and scattered existing modules of a future FIS, a prototype de-

sign of a comprehensive, but ideal FIS was presented, which reflects the typical functions and busi-

ness processes 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 System for 

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 administration ς as it is planned in Mon-

tenegro ς can mostly not be realized in one software product. The systems 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 European spatial data infrastructure (INSPIRE) is template for all western-Balkan 

states at the moment (INSPIRATION - Spatial Data Infrastructure in the Western Balkans project5) is 

will also lead to technical standards for spatial data exchange and accessibility.   

In this FIS system the different user have access to all components relevant for their daily work and 

decision making via one general user-interface, which is often build up as web-portal. Here the inte-

gration of geo-data and tabular data is possible and leads to a web-GIS-portal. The following figure 

illustrates a web-GIS-portal. The example of this forest web-GIS portal is taken from the state of 

Sachsen, Germany6. 

 

Figure 47. Example for a web-GIS-portal ς potential central User interface for a modern FIS   

 

                                                           

 

5INSPIRATION - Spatial Data Infrastructure in the Western Balkans: http://www.gfa-group.de/web-archive/inspire/www.inspiration-
westernbalkans.eu/index-2.html (retrieved 12.07.2016) 
6 Forest web-GIS portal from the state of Sachsen, Germany: Figure extracted from the following publication: Hergert and Kranz 2009  

http://www.gfa-group.de/web-archive/inspire/www.inspiration-westernbalkans.eu/index-2.html
http://www.gfa-group.de/web-archive/inspire/www.inspiration-westernbalkans.eu/index-2.html
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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.   

 

Figure 48. 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 component ς as in all 

land use management systems ς is a geodatabase describing and managing 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 geo-datasets (map-layer and geodatabases), which can be interfaced through 

the GI-window of the central web-portal.  
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Figure 49.  FIS ς Modular structure of a comprehensive Forest Information and Monitoring System 

for Montenegro 

 

4.9.4.2 Main Components of the Forest Information System (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. 

 

Table 16. Software modules of a comprehensive FIS for Montenegro  

Module 0: Cadaster and land registration 

 

 

(5) Forest 
Function 
Mapping

(8) Forest 
Monitoring

Spatial Plans

(2) Forest 
Sites

(1) Central
Forest Database
άhǎƴƻǾŀέ

(1) Forest stands, 
Forest ecosystems & 

Forest structure

Infor-
mation 
created
by the 
forest 
sector

Forest operations 
and development

Information
from 
external 
sources

General Political 
Administrative Units

Environmental 
Protection Zones,

Habitats (sights, distribution)

(6) Forest 
Utilization 

Rights

(7) Forest 
Operations Accounting & 

Financial 
controlling

(0) Cadaster and 
land registration

(3) Natural 
Forest 

Vegetation

(4b) Forest 
Management 

Planning

(4a) FM-
Inventory

FEGDB

FEGDB

FEGDB

(0) Cadaster and Land Registration

- Location
- Parcel ID
- Ownership

- Land use rights
- Land use classes

(0) Cadaster
spatial

database

(0) Cadaster 
and land 
register
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Purpose: Basic management and political and spatial planning information:  

Á Where is the forest located? 

Á Size / area of the forest? 

Á Who is owner? 

Á 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 

 

Á Central internal information 

Á Central data base and module 

Á Contains the core forest management entities (Stands, tree species) 

 

Module 2: Forest Site Map 

 

(1) Central Forest (spatial) Database
- Forest stands 

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

Quality, Assortments

- Stand level planning: 
- Type of measure, Yield by species, planting, weeding, tending, work 

area, time line, frequency 

- Roads
- Main and secondary: Roads as Objects, length, status
- Skidding roads

- Other support infrastructures (Offices, storage place, firelines)
- Management structures (Estates > FMU > Compartment > Stand)

(1) Central
ForestDatabase

Forest stands, 
Forest ecosystems 

& 
Forest structure

4a. Temperature

4b. Precipitation

(2) Forest Sites

- Soil conditions:  Geology, soil type, water 
household, nutrients

- Climate conditions: Temperature, 
precipitation, snow, frost etc.

- Terrain conditions: Slope, aspect, terrain form
- Tree species risk and species suitability 

classes

(2) Forest 
Sites

1b. Terrain

2. Soil
3. Aerial / Sat-Images

Forest site map
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Á New information from the FEGDB.  

Á Internal information created by the Forest sector 

Á As described in chapter 4.6 of a multisource mapping activity leading to basic ecological infor-

mation and information on productivity (site index, risks, tree species suitability, terrain) 

 

Module 3: Natural and Potential Forest Vegetation 

 

Á First new information from the FEGDB  

Á Internal information based on a mix of external and internal sources on vegetation 

Á Result of the multisource mapping process described in chapter 4.7.4. presented in a geo-data 

layer and database 

Á After overlay or intersection with forest stand data used for management decisions like tree spe-

cies selection and promotion, risk assessment, climate adaptation strategies.   

Module 4 a: Forest Management Inventories & Planning 

 

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

Á Internal core information creation processes 

Á Special module and database for data collection, data analysis  

Á Interface to feed stand data to the Central Forest Database 

(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, climate)

- Evaluation: Human influence, historical 
development, threats and endangerments

(3) PNFC

1. Terrain

2. Aerial / Sat-Images

Natural Forest 
vegetation map

3a. Temperature

3b. Precipitation

4.  Site Map

(4 a) Forest Management Inventories

- Statistical sound sampling inventory 
Combined with remote sensing based data collection

- Part of Forest Management Plannningprocess
- Smallest unit = Stand
- Data are used to describe stands
- Typical data collected:

- Forest area
- Forest Type & Species
- Per forest type / species: Age, N, BA, V, Increment, mortality, 

yield, tree quality, damages, dead wood
- Site information, Ground vegetation

(4) FMP ς
Spatial 

database

(4a) FM-
Inventory

(4b) Forest 
Management 

Planning
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Module 4 b: Forest Management Planning 

 

Á Internal information related with FMI Inventory  

Á Core spatial data creation process 

Á Special module to update stand data, update forest maps  

Á ¦ǇŘŀǘŜ ƻŦ ǘƘŜ ŎŜƴǘǊŀƭ ŦƻǊŜǎǘ ŘŀǘŀōŀǎŜ όαwŜƎƛǎǘŜǊάύ ƻƴ ǎǘŀƴŘ ƭŜǾŜƭ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ǳƴƛǘ ƭŜǾŜl 

Module 5: Forest Function Mapping 

 

Á Internal information 

Á Multi source mapping procedure using external and internal sources. Initially one time mapping 

project with mostly long validity, updated by spatial plans and forest management plans 

Á Elementary information for planning decisions in Forest Management Planning 

(4 b) Forest Management Planning
Combination of data sources
- Stand sampling inventory or Taxation 
όŜǎǘƛƳŀǘƛƻƴ ōŀǎŜŘ ƻƴ CaL Řŀǘŀ ŀƴŘ άǎƻƳŜέ ƳŜŀǎǳǊŜ-
ments of H, DBH, BA)

- Stand description 
- Forest types, Layer, Species, Age, DBH, H, V, 

Increment

- Stand level planning
- aŜŀǎǳǊŜǎΣ ŀǊŜŀΣ ȅƛŜƭŘ ΧΦ

- Controlling: Evaluation of last period
- Planned measures for a 10 years period

(4) FMP ς
analysis
spatial

database

(4b) Forest 
Management 

Planning

(4a) FM-
Inventory

(5) Forest Function Mapping
- Soil an slope protection
- Steep slopes > 35°: Unmanaged 
- Water protection: 

- Springs
- Drinking water protection
- Buffer zones along waters

- Nature protection:
- Forest habitat mapping (Fauna and Flora) 

- Recreation:
- City parks
- Skiing resorts etc.

- Χ

Forest 
Function 
Mapping










































































































