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Abstract 

The aim of the present research is to show the possibilities of 
applying computer technology in ecosystem investigations. The 
object of the research is the chestnut forests located on the 
Northern slopes of Belasitsa mountain (Southwest Bulgaria). 
Three study areas are determined for detailed investigation of 
structural and functional parameters (indicators) of chestnut 
ecosystems. These areas are located in forests with different ages 
(45-120 years old), different forestry management and different 
state. Ecosystem indicators are modeled on the base of field 
investigation and available published data, and the assessment of 
the forest state is done by spatial interpolation (inverse distance 
weighted) in geographic information system (GIS) environment 
(ArcGIS). Resulting model values are verified and validated by 
field investigations. An output layer showing the state of the 
chestnut forest in the investigated region is generated on the base 
of the raster surfaces, result of the interpolation and application of 
map algebra. Also weight coefficients to the assessment values of 
the different indicators are used which makes the spatial analysis 
more correct. Created mapping model shows significant matching 
areas of forests in poor condition and forests in good conditions 
compared to the relevant determined on the base of forest 
management plan. The research confirms the advantages of GIS 
technology in processing large and varied data for assessing the 
impact of many factors on forest vegetation. 

Keywords: ecosystem indicators, chestnut, geographic 

information system, interpolation, modelling 

Rezumat. Modelarea în mediul Sistemelor 
Informaţionale Geografice a indicatorilor 
ecosistemici (Studiu de caz Pădurea Castanilor 
Dulci, Munţii Belasitsa, Bulgaria) 

Scopul prezentei cercetări este de a arăta posibilitățile aplicării 
tehnicii de calcul în cadrul investigațiilor ecosistemului. Obiectul 
cercetării în constituie pădurile de castan situate pe versanţii 
nordici ai Munţilor Belasitsa (sud-vestul Bulgariei). Trei zone de 
studiu au fost alese pentru investigarea detaliată a parametrilor 
structurali și funcționali (indicatori) a ecosistemelor de castan. 
Aceste zone sunt situate în păduri cu vârste diferite (în vârstă de 
45-120 ani), cu modalităţi diferite de gestionare a pădurilor și în 
diferite stări. Indicatorii ecosistemici sunt modelaţi pe baza 
investigațiilor de teren și a datelor publicate disponibile, iar 
evaluarea stării pădurilor se realizează prin interpolare spațială 
(distanța ponderată inversă) în sistemul informaţional geografic 
(ArcGIS). Valorile rezultate ale modelului sunt verificate și validate 
prin investigații pe teren. Un strat de ieșire care arată starea 
pădurii de castan din regiunea investigată este generat pe baza 
suprafețelor raster, ca rezultat al interpolarii și aplicării 
cartografierii algebrice. De asemenea, sunt utilizaţi coeficienții de 
greutate la valorile de evaluare ale diferiților indicatori, ceea ce 
face ca analiza spațială să fie mai corectă. Modelul de 
cartografiere creat prezintă o potrivire semnificativă a zonelor cu 
păduri în stare proastă și păduri în stare bună, comparativ cu cele 
determinate pe baza planului de gestionare a pădurilor. 
Cercetarea confirmă avantajele tehnologiei SIG în procesarea de 
date mari și variate pentru evaluarea impactului multor factori 
asupra vegetației forestiere. 

Cuvinte-cheie: indicatori ecosistemici, castan, sistem 

informaţional geografic, interpolare, modelare 

 

Introduction 

Vegetation and particularly forest has a 

significant importance for forming and functioning of 
natural complexes and it also has an important role 

in economic and social spheres. Sustainable 
development of the forests is a guarantee of 

biodiversity conservation and in this relation scarcity 
of forest resources, their vulnerability and slow 

recovery require consecutive ecosystem researches 

and extension of the scope of the research methods. 
The impact of many factors on vegetation requires 

the use of a significant quantity of diverse 
information in researches, and this can cause 

difficulties in the collection and management of 

information. The problems are related to difficult 

accessibility to the study areas and insufficient 

possibilities for data collection in some cases, as well 
as to difficulties in receiving, processing and 

analysing all necessary data, and also to the lack of 
enough reliable data, poor compatibility between 

data from different sources, and week coordination 

between institutions responsible for different data 
types. These problems could be solved in 

considerable scope by use of GIS and remote 
sensing which provide very good opportunities in 

collection, organisation, coordination and analysis of 
spatial data. 

The development of information technologies 

determines their increasingly wide use in the study 
of natural components, in particularly of vegetation. 

The need of research and management of forest 
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resources on large areas, characterised by a variety 
of components, and the analysis of significant 

amount of spatial information set the beginning of 

the development of GIS technology. The first GIS is 
developed by Roger Tomlinson for the aim of 

forestry in Canada in 1962 but stronger 
development of the technology and extending the 

scope of the applications is observed since 80s of the 

20th century. The question about modelling of 
biocomponent indicators and areal presentation of 

point data is discussed in many publications. Lyon et 
al (1987) developed cartographic model of fauna 

habitats on the base of digital spatial information 
and data of available habitat models. GIS and 

remote sensing are used by Ryan & Shreier (1989), 

Joy & Klinkenberg (1994), Coulombe & Lowell 
(1995), Lowell (1989), Perez et al. (2006) as 

methods of investigating and modelling of different 
vegetation types and ecological indicators. 

Concerning the vegetation, local conditions (climatic, 

soil and topographic) have to be taken into account 
and multifactor analysis to be applied for better 

results of spatial modelling of point data (Store &. 
Jokimaki, 2003, Franklin et al., 1997). 

The application of spatial analyses in GIS 
environment for modelling ecosystem indicators and 

assessment of ecological state of forest vegetation is 

considered in the current article. Fifty one indicators 
about soil conditions, structural and functional 

characteristics of vegetation are evaluated. The 
method is applied to sweet chestnut forests. A 

spatial interpolation of the values of those indicators 

is done and a map presenting the total evaluation is 
created using the built GIS database. 

The interest to the research of the sweet 
chestnut forests (Castaneasativa Mill.) is determined 

by the economic and public interest to these forests, 

because of the quality of wood and delicious fruits, 
which are used in the food and pharmaceutical 

industries (Amorini et al., 2000; Bratanova–
Doncheva et al., 2002; Bounous, 2007; Dimitrova, 

2008). The sweet chestnut forests are considered to 
be very appropriate for implementing the idea of 

creating a multifunctional forest. According to the 

general assessment of the experts, degradation 
processes occur in chestnut forest due to ecological 

(Perlerou, Diamandis, 2007; Vettraino et al., 2007) 
and social-economic reasons (Conedera et al., 

2004). Because of that the habitats of 

Castaneasativa Mill. are subject of special protection 
and they are included in the CORINE system, code 

41.9, and are in the list of the types of natural 
habitats which are of interest of the European 

community. Having regard to the Directive 
92/43/ЕЕС their protection requires determining of 

“specially protected areas”, type 9260 – sweet 

chestnut forests (Bratanova-Doncheva, 2003). Due 
to the limited distribution of the chestnut species 

and their communities in Bulgaria, there is a danger 
of their loss in the country flora and vegetation. 

The above mentioned situation requires 

development of researches regarding the 
assessment and protection of phytodiversity in the 

chestnut forests, as well as complex researches and 
assessment of the ecological state of the forests 

with the aim of their sustainable use. 

Problems related to chestnut have been 
considered in different direction. The investigations 

are done mainly about chestnut fruits, diseases, 
pests, selection and introduction (Petrov, 1982; 

Petkov, Rosnev, 2002; Lauteri et al, 2009). 
Questions about assessment and protection of 

phytodiversity and its changes in chestnut forests 

also have been discussed. Phytocoenological 
researches of relatively well preserved chestnut 

communities in Belasitsa mountain, of their 
composition and structure, have been done 

(Dimitrova et al., 2003; Tzonev et al., 2011) as well 

as detailed investigations of the biomass and 
production of chestnut phytocoenosis (Dimitrova, 

2008; Manetti et al., 2001). Researches clarifying 
functioning of chestnut ecosystems in Bulgaria 

started in the last years. They begin with the project 
“Assessment of the dynamic of structural and 

functional parameters of chestnut coenosis 

(Castaneasativa Mill.) – Belasitsa in the conditions of 
global climate change” (CASTBul), 2003" 

(Bratanova-Doncheva at al., 2005) and continue 
with the project “State and prospects of the 

Castanea sativa population in Belasitsa mountain: 

climate change adaptation; maintenance of 
biodiversity and sustainable ecosystem 

management. BG 0031 EEA (Zlatanov et al., 2011). 

Research area. Subject of investigation 

The subject of research is the chestnut formation 

(Castanеeta sativae) located on the northern slopes 

of Belasitsa mountain, the most south-western part 
of Bulgaria (Fig. 1). It takes an area of 1460 ha 

between 250 and 900 m altitude. The formation 
extends from east to west between villages Razhdak 

and Gabrene and the total length of the forest belt is 
about 30 km. The soils in the area are Cambisols 

and brown. The climate is Continental-

Mediterranean in the food of the mountain and 
mountainous in the high parts. The sweet chestnut 

has limited distribution in Bulgaria but it forms 
unique ecosystems and it is very valuable tree 

species, therefore it is needed to protect the 

chestnut forests. They are also a livelihood for local 

population. 
Three sampling areas (SA) are determined for a 

detailed study of structural and functional 

parameters of chestnut ecosystems. They are 

situated in forests different by age (45-120 years 
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old), state and forest management as follow: old 
forests (100-120 years old) in poor state and 

without sylvicultural activities (SA2); and young 

forests (less than 45 years old), where sylvicultural 

activities are conducted in different intensity (SA1 
and SA3). These sampling areas are of size 0.20 – 

0.25ha. The parameters of the areas are given in 

Table 1. 

 

Fig. 1: Distribution of sweet chestnut formation 

 

Table 1: Parameters of sampling areas 

Parameters  SA1 SA2 SA3 

Area (ha) 0.25 0.20 0.20 

Altitude (m) 750 650 500 

Slope (degree) 17 28 23 

Exposition North-east East North-west 

Part of the slope high low high 

Soil Dystric Cambisols Eutric Cambisols Hromic Luvisol, Mollic 

Mechanical composition of 
the soil 

deep, rocky, light medium, vary rocky with 
heavier mechanical 
composition 

medium deep, rocky, leached 

Composition of the tree 
layer, site index 

Chestnut 10* 
2 sublayers, site index II** 

Chestnut 9, beech1 
3 sublayers, site index IV-V 

Chestnut 10 
2 sublayers, site indexs I 

Origin natural natural natural 

Age 45 years 100 - 120years 45 years 

Total canopy (1=100%) 0.7 0.8 0.5 

Association Castanetum – Mixoherbosum Castanetum – Mixoherbosum Castanetum  – Mixoherbosum 

Sylvicultural activities Cuttings 30 years ago; 
sanitary fellings 

no Cuttings 30 years ago; 
selective felling 15 years ago 

* - participation of the tree species in the tree layer (10=100%) 
** - productivity class – lowest V– highest I 

 

Sampling areas are chosen to be in association 

Castanetum – Mixoherbosum, because this 

association is the most widespread in the chestnut 

formation. 
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Data and research methodology 

Modelling of the ecosystem indicators for the 
whole investigated area is done using the data of 

field work in the three sampling areas and also on 

the base of the data taken of the Forest 
Management Plan of State forestry “Petrich”. The 

initial data are entered in ArcGIS environment as 
graphic and attribute information. The graphical 

information is organised in different layers as follow: 

- forest with taxation characteristics – polygon 
layer; 

- roads, paths, watersheds and borders of 
settlements – line layer; 

- rivers – line layer; 
- plant associations – polygon layers. 

The attribute information includes the data 

available in the forest management plan and data 
about main structural and functional indicators 

(features) of the ecosystem (Table 2). 
The digital forest model of the Forest 

Management Plan of State forestry “Petrich” is used 

in the research for building the GIS database. Rivers 
and relief are digitised using topographic maps in 

scale 1:25000. Layer of plant associations is created 
on the base of the data taken during the field 

investigation. 
The modelling of the indicators of forest 

ecosystems is done on the base of the information 

from the 3 sampling areas using spatial analysis and 
inverse distance weighted (IDW) interpolation. 

Building of the assessment model is done in the 
following sequences:  

1. Determining of chestnut forest areas that are 

similar enough to one of the three sampling areas. 
On the base of the forestry parameters we accept 

that these areas are the same or at least similar, in 
their general parameters, to one of the detailed 

studied sampling areas. 

2. Building attribute database for the three 
sampling areas (SA1, SA2, SA3) using the results of 

the field research and data of other research for 
these areas. Fixing the data of the sampling areas to 

the determined similar areas and combining them in 
one layer of ecosystem indicators.  

3. Creating particular layers and adding the field 

data of the sampling areas to the geometric objects 
at section level as follow: 

- microbiological characteristics (species, 
indices); 

- intensity of micro- and macro-elements cycles; 

- stocks of fall off and litter; 
- flora parameters; 

- phytomass stocks and productivity of grass, 
shrub and tree layers; 

- content of macro- and micro- elements in 

phytomass and soils; 
- soils (physical properties and chemical 

composition); 
- damages caused by insects (species 

composition, insect level attack); 
- coefficient of damage and degree of defoliation; 

- soil nematodes (composition, structure). 

4. Determining the centroid of each polygon in 
the forest sections layer. This layer is used for 

spatial IDW interpolation to receive the spatial 
distribution of forest indicators (Table 2). 

5. Filling the data gaps for the areas where the 

field researches have not been done by calculating 
the model values of the above mentioned forest 

indicators using IDW interpolation. At this 
interpolation method we accept that the 

dependence between closely distributed points is 
stronger and decrease with increasing the distance. 

Therefore, regarding the nature of the interpolated 

data, this method is chosen as the most appropriate 
for interpolation in this case. 

6. Model verification. 
7. Reclassification of the calculated raster grids, 

in scales depending on the values of each indicator 

and its importance for the state of the chestnut 
forest. 

8. Modelling of the forest state by spatial 
summing of the indicators in pixels of 20 m. The 

output layer is calculated by following map algebra S 

= F1 + F2 + F3+…..+F51, where F is the 

assessment of the corresponding indicator (Table 2), 

, ,... - weight coefficient showing the importance 

of this indicator. 

The above mentioned activities for modelling the 
ecosystem indicators in GIS environment and the 

assessment of the state of the chestnut forests in 

the investigated forest belt in Belasitsa mountain are 
made according to the following structural scheme 

(Fig. 2): 
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Fig. 2: Structural scheme of the data used and of the main research activities 

Application of GIS technology in 
modelling the ecosystem indicators and 

results of the research 

The GIS database built during the current 

research includes all collected available data about 
the chestnut ecosystems in Belasitsa mountain. The 

approach of neuron networks and genetic algorithms 

(Goldberg 1989; Varbanov et al., 2005) are used to 
assess the main factors (indicators) which 

characterise the sampling areas and simultaneously 
distinguish them in the best way. Fifty-one indictors 

which describe structural-functional state of the 

ecosystems are chosen (Table 2). A weight 
coefficient (an integer ranging between 0 and 1) is 

given to each indicator. This coefficient corresponds 
to the rate in which the indicator influences the 

ecosystem state. These weights enhance the impact 
of some of the 51 indicators (through its high value) 

and weaken the influence of other (through lower 

values near to 0) which helps to focus further 
research on important for ecosystem state factors 

and relationships (Dimitrova, 2008). The structural-

functional indicators which have a greater 
importance for the state of the chestnut forests are 

determined on the base of statistical analyses and 

expert’s evaluation. They are inputted in GIS 
environment and are the base for building the GIS 

model. Areas similar to each one of the sampling 
areas have been determined of all chestnut forests 

in Belasitsa mountain. It is accepted that these 

areas have the same or similar characteristics with 
the sampling areas (Fig. 3). Forest with participation 

of chestnut 7 (number of the tree species in a given 
area, 10 = 100%) or greater than 7, age less than 

70 years, altitude between 500 and 900 m, and in 
poor state are accepted as similar to SA1. Forests 

with participation of chestnut 7 or greater than 7, 

age 100-200 years, altitude between 300 and 650 
m, and in poor or average state are accepted as 

similar to SA2. And forest with participation of 
chestnut 7 or greater than 7, age less than 60 years 

and in good state, without limits in particular 

altitude belt are accepted as similar to SA3.



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XV, Issue 1 (June 2016), pp. 54-64 
http://dx.doi.org/10.5775/fg.2016.089.i 

59 forumgeografic.ro 

 

Table 2: Structural and functional ecosystem indicators of chestnut belt in Belasitsa mountain 

Indicator 

SA 1 SA 2 SA 3 

characteristic/ 
indicator value 

a
ss

e
ss

m
e
n
t*

 

characteristic/ 
indicator value 

a
ss

e
ss

m
e
n
t*

 

characteristic/ 
indicator value 

a
ss

e
ss

m
e
n
t*

 

Soil type F1 Dystric 
Cambisols 

2 Eutric 
Cambisols 

2 Hromic Luvisol, 
Mollic 

2 

Soil saturation coefficient, %  F2 27,401 3 40,328 3 46,248 3 

Hygroscopic humidity, horizon 
Аh, % 

F3 2,18 3 2,69 3 2,45 3 

Humidity of permanent wilting, 
horizon Ah, % 

F 4  5,64 2 5,48 2 5,96 2 

pH(H2O), horizon Ah F5 6,1 3 6,2 3 6,45 3 

Phosphorus,horizon Ah, mg/100g F6 84 3 86 3 77 3 

Humus, horizon Ah, % F7  5,27 3 5,48 3 5,92 3 

Carbon, horizon Ah, % F8 3,05 3 3,18 3 3,43 3 

Total nitrogen, horizon Ah, % F9 0,16 3 0,19 3 0,18 3 

Potassium, horizon Ah, mg/100g F10 206,1 3 206,1 3 173,5 3 

Total calcium, horizon Ah, mg/kg F11 419 3 787 3 641 3 

Total magnesium, horizon Ah, 
mg/kg 

F12 711 3 537 3 433 3 

Total sodium, horizon Ah, mg/kg F13 151 3 121 3 99 3 

Total iron, horizon Ah, mg/kg F14 8300 3 7327 3 7351 3 

Total manganese, horizon Ah, 
mg/kg 

F15 613 3 1702 3 722 3 

Total cooper, horizon Ah, mg/kg F16 17,6 3 12,5 3 14,8 3 

Total zinc, horizon Ah, mg/kg F17 40,4 3 43,5 3 30,8 3 

Total lead, horizon Ah, mg/kg F18 14,9 3 29 3 16,1 3 

Total cadmium, horizon Ah, 
mg/kg 

F19 1,33 3 1,17 3 0,83 3 

Average immobilisation 
mineralization index 

F20 7,8 2 13,300 2 13,500 2 

Average denitrifying, cells in 1 g 
аbsolutely dry sample(а.d.s.) 

F21 20000 2 229000 1 76000 2 

Species, number. F22 78 2 116 2 102 2 

Damage coefficient of the total 
tree layer, % 

F29 49 1 24,62 1 55,58 1 

Damage coefficient of the 
chestnut I sublayer, % 

F30 - - 62 1 -  

Damage coefficient of the 
chestnut II sublayer, % 

F31 - - 71 1 -  
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Damage coefficient of the 

chestnut III sublayer, % 

F32 - - 54 1 -  

Loranthoseuropaeus L., 
number/ha 

F33 395 1 290 1 16 2 

Castanea sativa Mill. crown 
defoliation, avarege mark 

F34 2 1 3 1 2 1 

Regeneration, tree layer 
Castaneasativa Mill., n/m2 

F35 3,8 3 1,3 3 1 1 

Nematodes in litter TNN, 
spec/100g 

F 39 7672 2 7387 2 9040 2 

Nematodes in litter B/F, ratio F 40 2,16 2 2,24 2 11,41 2 

Nematodes in soil TNN, 
spec/100g 

F 41 186 2 356 2 320 2 

Nematodes in soil B/F, ratio F42 0,36 2 2,52 2 0,34 2 

Insect level attack F43 weak - average 1 average- strong 1 weak - average 1 

Insect level attack  in roots F44 weak 2 weak 2 weak 2 

Insect level attack  in leaves F45 weak 2 weak 2 weak 2 

Insect level attack in stems F46 weak 2 strong 1 weak 2 

Insect level attack in young 
sprouts 

F47 weak 2 weak 2 weak 2 

Insect level attack in flower F48 weak 2 weak 2 weak 2 

Insect level attack in fruits F49 weak 2 strong 1 weak 2 

Association F23 Castanetum - 
Mixoherbosum 

2 Castanetum - 
Mixoherbosum 

2 Castanetum - 
Mixoherbosum 

2 

Layers, number F24 3 3 3 3 3 3 

Tree layer, number sublayers F25 2 2 3 2 2 2 

Total number, number/ha F26 1134 2 1985 1 556 2 

Bush layer (canopy,%) F27 60 2 40 2 70 2 

Herb layer (canopy, %) F28 50 2 20 2 60 2 

Total productivity of chestnut 
coenosis(t/ha/y) 

F 50 17,83 3 5,09 1 10,86 3 

Annual litter fall , t/ha, absolute 
dry weight, total 

F36 5,5 1 4,61 1 4,03 1 

Mulch stocks, t/ha F37 6,8 1 12 1 6,3 1 

Total intensity of biological 
turnover, rate 

F38 7 3 6 2 7 3 

Average radial increment, сm F51 0,295 2 0,292 2 0,265 2 

*1- negative, 2- neutral and 3- good (favorable) state 

The ecological state of chestnut trees in Belasitsa 

mountain is modelled using interpolation of the 
ecosystem indicators values with applying a spatial 

mask – chestnut belt in Belasitsa. As a result of 

interpolation raster (grid) surfaces are generated for 

the whole chestnut belt. Figures 4, 5 and 6 show the 
spatial distribution of the chestnut communities 

productivity, litter fall and mulch stocks. 
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Fig. 3: Model distribution of chestnut trees in Belasitsa mountain, approximated to the indicators of SA1, 
SA2 and SA3 sampling areas  

 

 

Fig. 4: Spatial distribution of chestnut bioproductivity 
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Fig. 5: Spatial distribution of litter stocks 

 

 

Fig. 6: Spatial distribution of chestnut mulch stocks 

 

New field researches were carried out after the 
interpolation of the ecosystem indicators with the 

aim to check the results of the interpolation. Three 
forest sections were visited and the following 

indicators were investigated: species composition, 

structure, state and regeneration. The investigated 
indicators in two of the sections show significant 

similarity to the interpolated values of the model 
sampling areas. Having regard that the verified 

indicators are presented in young and old forest, we 
can accept that the model has a sufficient accuracy. 

This allows accepting the modeled values of the all 

indicators in the whole chestnut belt as sufficiently 
reliable.  
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On the next stage of the research the generated 
raster grids were reclassified in conditional marks of 

1 to 3 (1 – negative, 2- neutral and 3 – favorable 

state) having regard the values of each indicator 
and its importance for the state of the chestnut 

forest (Table 2). The state of the chestnut forests is 
modeled by calculating an output layer of the 

assessments of the all indicators. This layer is 

generated using map algebra on the base of the 
equation (pointed above in the text, section III), 

where weighted values of the indicators (Table 2) 
are taken into account. This layer shows the state of 

the chestnut forests as a result of the impact and 
interaction of the chosen significant structural and 

functional indicators of chestnut ecosystems (Fig. 7). 

Forests in about 30% of research area are in bad 
state and 40% are in good state. There is a 

significant matching of territories of forests in poor 
and forests in good condition with the corresponding 

areas derived of the Forest Management Plan. This 

could be grounded by the fact that the assessment 
of the forest state takes into account many 

indicators.

 

Fig. 7: Assessment of the state of the chestnut forests by ecosystem indicators 

 

Conclusions 

Having regard the researches on the ecosystem 
indicators and the analysis of the indicators given in 

Forest Management Plan we can conclude that 

chestnut forests in Belasitsa mountain are in poor, 
medium and good state in the different parts on the 

researched area. The area of forests where a drying-
up is monitored is less extended that those with 

undamaged phytomass. However, in terms of other 

indicators, such as economic and ecosystem 
indicators, larger areas of chestnut forests are 

damaged. 
The built GIS database gives possibilities for 

easily performing spatial analysis and surface 
representation of ecosystem indicators. In this case, 

the method of inverse distance weighted 

interpolation gives sufficient good results which are 
validated by the verification at random location on 

the terrain. Implementation of an integrated 
approach and multi-criteria analysis in ecosystem 

studies increases the accuracy of the spatial 

analysis. The spatial models which were created and 
the implemented approach of the research could be 

used in forestry for achieving sustainable 
development of forest ecosystems and management 

of forest resources. 
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