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SUMMARY
In the forest management system in Bosnia and Herzegovina, the forest management class is a classification unit of forests within certain forest management area. It is in the same time the basic unit for planning and control of forest management. Within making of mid-term forest management plans for certain forest economy area, the management class is by the hierarchy the lowest unit of division of forests for which are made forest management plans. One management class should be consisted of all stands within forest management area which have the same or similar ecologic-production and structural characteristics. That means that whole management class should have relatively even/balanced ecologic-production characteristics. 

In this paper is analyzed the problematic of classification of individual stands within regional community of mixed forests of beech and fir with spruce on lime stones and dolomites, into management classes. As the basis for its classification so far into management classes are used data on presence of main tree species (fir, spruce and beech) from one side and land characteristics (soil type) from the other side. For that purpose were made soil/pedology maps, of area under forests. Based on it (by overlapping of maps) are made maps of basic types of forests. That means that one basic forest type is defined by presence of main tree species and specific soil type. Starting from the assumption of similar potential production characteristics, basic forest types with the same tree species, on similar soil types (mainly shallow or mainly deep) are grouped into larger units – production types of forests. Production types of forests were extracted on maps (typology forest maps). In the establishment of management classes, typology maps are used as the basis for establishment of management classes, where in one management class are included parts of forests of one production type of the forest which has also similar structural characteristics.

It was presumed that in such way, to great extent, are extracted management classes which have balanced ecologic-production characteristics. That means that management classes should be mutually different by these characteristics. For one management class is, during the procedure of making of forest management plans, is determined one technical goal of management, which means the selection of adequate management system, normal composition of forest (size of the stock and share of particular tree species). Technical goal is a long-term goal, which makes easier the production of planned solutions of forest management by the principle of durability - continuity of management. Theoretically, if management classes are well-established, in all stands that belong to it is possible to achieve the status of composition of stands which is equal to the one prescribed in the technical goal of management. 

Regarding forests on lime stones, the depth of soil, or soil types are changing in a small area, so it is very hard to find larger forest surfaces in which is dominant (exists) only one type of soil. Due to that, during soil mapping (pedology) are extracted so-called serried of soil types, with marked dominant soil type. Therefore is not possible, within forest on lime stones, to extract and map basic forest types, but immediately are extracted the production forest types, based on the extracted series of soil types. Management classes are formed from such production types of forests, and in its name it contains description, according to: whether it contains stands on mainly shallow, medium-deep or mainly deep soil on lime stones. 

Analyzing formed management classes, within mixed selection forests of beech and fir with spruce in Federation of Bosnia and Herzegovina, or by analyzing its average values of main indicators of productivity: stock, volume increment and site class/bonity of the habitat identified through the height of trees, was identified that particular management classes within particular forest economic areas do not differ by these indicators, and it should. There is a question of the purpose of separation of forests into two or more management classes, if it does not differ per productivity indicators.
On the other hand, it was noticed that particular stands, within one formed management class show large differences in the site class/bonity of the habitat, determined through the height of trees. That pointed to the conclusion that management classes are not balanced per ecologic-production characteristics, and that there is a problem in methodological approach to its forming. 

Starting from identified problems was established the goal of this paper: analysis of adequacy of existing bases - criteria in forest classification into management classes, within regional community of mixed forests of beech and fir with spruce on lime stones, and that, in case of negative evaluation, should ne recommended a new approach in forming of management classes, on local and regional level. 

To realize this goal it was necessary to solve several tasks, or to get the answers to the questions:

1. Are there significant differences in the site class/bonity of the habitat or sizes of volume increment of particular stands, within particular management classes, of such kind which justify present way of forming of management classes in Bosnia and Herzegovina?

2. Are the stands of particular production types of forests homogeneous per indicators of potential productivity, in the forts place per size of volume increment and per site class/bonity of habitat of particular tree species?

3. Is the site class/bonity of the habitat for growth of fir, beech and spruce determined through height of trees, sufficiently reliable measure of potential productivity of stands within particular types of forests of beech and fir, and beech and fir with spruce?

4. Is there significant difference in sizes of volume increment of stands caused by different geographical position in Bosnia and Herzegovina?

5. Is there the difference between potential productivity of forests of beech and fir and forests of beech and fir with spruce on lime stones compared to previous researches and the productivity of these forests on all main bases (lime stone and silicate) together, at the same site class/bonity of the habitat?

6. Which an optimal number of management classes within one group of associations of forests (beech and fir or beech and fir with spruce, fir and spruce), so that the difference in potential productivity of the stands within it can justify the forming of it?

To solve comprehensive tasks of this paper it was necessary to form the sample and to collect a large number of data on forest of beech and for and on forest of beech and for with spruce in Federation of Bosnia and Herzegovina, on particular stands of these forests, and on forest types, its distribution and size of basic taxation (estimation of forests) elements of the stock, volume increment, site class/bonity of the habitats of particular tree species and other. For that purpose were used data collected by regular forest inventories by planning institutions, during forest management of particular forest economic areas in Federation of Bosnia and Herzegovina, vector vegetation, soil/pedology and management class maps of the areas under forests and forest lands. Also there were used the data collected by Faculty of Forestry in Sarajevo, during quality controls of inventory works, within particular forest economic areas.

For the sample were selected 799 stands from 11 forest economic areas. Of that the largest number was in the group of forests of beech and fir with spruce 510, then in the forests of beech and for 252, and in forest of fir and spruce 37 stands. Stands were grouped in 9 management classes. Its total surface was about 51000 ha, and within it was layered 9187 exemplary plots where were conducted detailed surveys of large number of characteristics of the trees and the stand. By additional an analysis, based on the presence of tree species, was conducted the re-distribution of stands, where some of it was re-classified into other group of forests. At the end, within forests of beech and fir with spruce were 487 stands, and in forest of beech and fir 275 stands. In the forests of fir and spruce there were no changes in the number of stands. 

In the preparation of surveyed data on stands for analyses, was conducted the data processing on trees to get the quantitative indicators on stands. In this paper was presented the new, mathematical way of determination of relative site class/bonity of the habitat for particular tree species, based on the height of trees. So far used relative site class/bonity of the habitat were, in the analyses, replaced with absolute measure of the site class/bonity of the habitat, the average height of threes with diameter of 50 cm, for the possibility to compare increment abilities of the stands, from these forests, in different regions.

In the solving of the tasks of this paper were used different methods and computer programs. For the analysis of the characteristics of particular stands in the area/space, checking of soil types, determination of orographic characteristics of particular stands, was used GIS computer program (WinGIS) and functions of spatial analysis, by using vector maps of geological basis, soil types and forest types and management classes.

In the analysis of quality and quantity characteristics of particular stands were used methods of multi-variant analysis: Analysis of the variance, discriminative analysis, general linear models and general regression models (Glm and GRM analysis) and Fischer and Duncan multiple rank test, with use of computer programs Statistics 7.0 and Statgraphics Centurion.

In the optimization of methodology approach in forming of management classes, was used Cluster analysis, procedure „K-means clustering“.

In solving of first two tasks of this paper was conducted the analysis of the existing management classes (GK) according to values of main indicators of productivity of stands within it. These are, in the first place: volume increment of the stand, and then the site class/bonity of the habitat expressed through the average heights of the trees. It was determined that there exists large variability in the indicator of the site class/bonity of the habitat of stands within particular existing management classes, and that between management classes which are the most present in the sample do not exist significant differences in the site class/bonity of the habitat. It pointed to the conclusion that the classification of the stands into existing management classes did not achieve its goal, e.g. there were not established forest units which have balances/even potential production abilities. To check this assumption, was conducted the analysis of the presence of particular soil types per existing management classes. It was determined that the existing management classes (GK) are not formed well, no even according to the so far predicted method. There was conducted the re-classification of stands into new management classes, systematically selecting the stands, per particular groups of stands (forest types), based on depth, or soil type where it is located. Than it was conducted than same analysis again, the analysis of indicators of productivity per newly-formed management classes (GK-2), size of volume increment and site class/bonity of the habitat. By the analysis of the variance was determined that there is a better explanation of the changes of the values of site class/bonity of the habitat and volume increment by new management classes (GK-2) than the existing-one (GK), but still there was a large fluctuation of the site class/bonity of the habitat and size of volume increment within particular management classes, and the differences between it were of such kind which does not justify its separation into more management classes. In the same time, within one formed management class, were stands from three different site classes/bonity classes. Not only that, but such differences exist even within only one production type of forest. Analysis of the change of size of volume increment of stands from average bonity of the habitat, has shown that between site/bonity classes exist much larger differences in sizes of volume increment than between particular management classes, so that, in order to form the units of forests with balanced/even increment abilities, the separation of stands into management classes, only based on the bonity of the habitat would by much better that the method used so far.

It was concluded that with the so far used way of forming of management classes cannot be achieved the goal of forming of management classes as the group of stands of balanced ecologic-production characteristics. 

The goal of forming of management classes is not that it should be balanced per current indicators of productivity (volume increment, size of stock and basal area of the stand) but per potentially possible values of the indicators of productivity. Due to that, during forming of management classes, one should lean on those parameters the values of which do not depend on activities of the man or at least it does no depend to the greater extent. 

In this paper than was presented a new way of forming of management classes by cluster analysis. Variables which were used in the forming of cluster are: (1) bonity (site class) of the habitat expressed in average heights of trees in the stand with diameter of 50 cm, (2) altitude of the stand expressed in hm and (3) soil type, ranked in 7 classes according to the depth of soil. There were selected only those variables with values which do not depend on human activities. To lower extent the felling activities in selection stands, if it is uneven through time, can impact the change of the average height of trees, but that process is very slow, and changes are not big. Forming of clusters was conducted within particular groups of associations – forests of beech and fir with spruce, forests of beech and fir, and forests of fir and spruce. Within each of these associations were formed only two management classes (CLUSTER-GK) so that in total there were 6 of it.
Larger values of the variables of the site classes/bonity of the habitats were the assumption for stands of better production characteristics and vice versa. Lower values of altitude and mark of the soil rank were the assumption of higher productivity and vice versa.

Due to important impact of absolute values of measuring units of variables in the cluster analysis, average values of measuring units of these three factors were adjusted to its determined impact to change of the size of volume increment of the stand, in the proportion:

Average height of trees in the stand (m): Altitude (hm): Soil quality mark (1-7) 






= 27: 11 : 4 

By the analysis of the variance and discriminative analysis, was conducted the comparison of the quality to existing classes (GK), to corrected classes (GK-2), and to new formed classes by cluster analysis (Cluster-gk).

Analysis is conducted by using variables, in the sizes of which should be seen differences of the stands on better and worse habitats. These are the stock of the stand (VHA), volume increment of stand (IVHA), basal area of the stand (GHA) and level of land cover by crowns of the trees from the stand (STZ). 

For al these variables, by the analysis of the variance, was identified that there is a larger level of explanation of changes of its sizes by the classes CLUSTER-GK, than with existing (GK) or the corrected by the present methodology (GK-2). 

By Discriminative analysis with use of previous and new variables: stock of the stand (VHA), number of trees in the stand (NHA), mean diameters of the conifers and deciduous trees in the stand (Dg_L, and Dg_Cet), and average slope of the terrain in the stand (Slope), was proofed than the classification of the stands into management classes, by cluster analysis, with a goal to create the classes homogenous per production characteristics, has an unquestionable advantage compared to previous method of forming of management classes, based on the soil types and tree species.

The results of discriminative analysis have shown that the classification by cluster analysis was the best. In average in 88.2 % of cases the stands were selected by quality into classes CLUSTER-GK. In 75.2 % of cases the stands were selected well into classes GK-2, while into existing classes GK stands were selected by quality only in 50.4 % of cases.

In further analyses, was conducted the research of the o impact of different factors to the size of volume increment of the stands as a whole and per tree species, volume increment of fir, spruce and beech in the stand. 

There were used complex methods of multiple regression analysis. It was determined that the volume increment of the stand, above the most important impact factors, basal area of the stand (basal area of particular tree species) and site class/bonity of the habitat, significantly depends also on altitude and on geographical position within Federation of Bosnia and Herzegovina, e.g. of ecologic-vegetation region (EV_R). It was assessed that the changes of volume increment, due to belonging of different ecologic-vegetation regions are not big neither significant from the management point, so that it could be presumed the unique technical goals of management for particular management classes, in whole area of Federation of Bosnia and Herzegovina, if their site classes/bonity classes are the same of very similar.

In the continuation of the research are determined models of regression equations for the assessment of the size of volume increment of particular tree species in mixed stand of fir, spruce and beech (in total 6 models, two for each tree species). There is achieved a high level of explanation of changes in the size of volume increment.

For volume increment of fir: 86 % and 93 %

For volume increment of spruce 90 % and 94 %:

For volume increment of beech 91 % and 94 %:

Also there are identified models for the assessment of the size of basal area of particular tree species. 

The identified models are used for designing of normal composition of selection stands of fir, spruce and beech, e.g. for designing of normal sizes of nasal areas of the stand in different bonity class/site class of the habitat and for identification of the size of volume increment of normal stands. Several examples of normal composition are presented in this paper.

By these models of equations is determined that the average volume increments of the stands in Federation of Bosnia and Herzegovina, at the same site classes/bonity classes of the habitats, the same share of fir, spruce and beech and the stock, and the same size of the basal area of the stand, today are larger, in average for about 1 m3/ha, than before 50 years, based on the research of Matić (1963), within the same forests in Bosnia and Herzegovina.

Related to that, during determination of technical goals of management for management classes within mixed forests of beech and fir with spruce, the results of this paper should be used in the future.

It was also determined that, within one group of the associations of the stands (forest types), in particular forest economic areas, by cluster analysis can be established, maximally two management classes, and that the average sizes of main indicators of the productivity of the stands, volume increment, stock and basal area, will be significantly different, statistically and from the forest management point.
 SAŽETAK

U sistemu planiranja gazdovanja šumama u Bosni i Hercegovini, gazdinska klasa je klasifikaciona jedinica šuma unutar nekog šumskogospodarskog područja. Ona je istovremeno osnovna jedinica za planiranje i kontrolu gazdovanja šumama. U okviru izrade srednjoročnih planova gazdovanja šumama za neko šumskogospodarsko područje, gazdinska klasa je hijerarhijski najniža jedinica podjele šuma za koju se izrađuju planovi gazdovanja. Jednu gazdinsku klasu treba da sačinjavaju sve sastojine unutar šumskogospodarskog područja koje imaju iste, ili slične ekološko-proizvodne i strukturne karakteristike. To znači da cijela gazdinska klasa treba da ima relativno ujednačene ekološko-proizvodne karakteristike. 

 U radu je analizirana problematika klasifikacije pojedinačnih sastojina unutar regionalne zajednice mješovitih šuma bukve i jele sa smrčom na krečnjacima i dolomitima, u gazdinske klase. Kao osnov za njihovo dosadašnje razvrstavanje u gazdinske klase, koriste se podaci o zastupljenosti glavnih vrsta drveća (jela, smrča i bukva,) sa jedne strane i karakteristike zemljišta (tip zemljišta) sa druge strane. U tu svrhu su se izrađivale vegetacijske i pedološke karte, područja pod šumama. Na osnovu njih (preklapanjem karata) izrađuju se karte osnovnih tipova šuma. To znači da je jedan osnovni tip šume definisan prisustvom glavnih vrsta drveća i specifičnim tipom zemljišta. Polazeći od pretpostavke sličnih potencijalnih proizvodnih karakteristika, osnovni tipovi šuma sa istim vrstama drveća, na sličnim tipovima zemljišta (pretežno plitka ili pretežno duboka) su grupisani u krupnije jedinice – proizvodne tipove šuma. Proizvodni tipovi šuma su izdvajani na kartama (tipološke karte šuma). U formiranju gazdinskih klasa, tipološke karte se koriste kao osnov za formiranje gazdinskih klasa, pri čemu se u jednu gazdinsku klasu svrstavaju dijelovi šuma jednog proizvodnog tipa šume, koji imaju i slične strukturne karakteristike.

Pretpostavljalo se da se na ovaj način, u velikoj mjeri, izdvajaju gazdinske klase koje su ujednačenih ekološko-proizvodnih karakteristika. To znači da bi se gazdinske klase međusobno trebale i razlikovati po tim karateristikama. Za jednu gazdinsku klasu se, u postupku izrade planova gazdovanja utvrđuje jedan tehnički cilj gazdovanja, koji podrazumijeva odabir adekvatnog sistema gazdovanja, normalnog sastava šume (veličine zalihe i udjela pojedinih vrsta drveća). Tehnički cilj je cilj dugoročnog karaktera, koji nam olakšava donošenje planskih rješenja gazdovanja šumama po principu trajnosti - kontinuiteta gazdovanja. Teoretski, ako su gazdinske klase dobro formirane, u svim sastojinama koje joj pripadaju moguće je dostići stanje sastojinske izgrađenosti koje odgovara onom zacrtanom u tehničkom cilju gazdovanja. 

Kada se radi o šumama na krečnjacima, dubina zemljišta, odnosno tipovi zemljišta se mijenjaju na malom prostoru, pa je vrlo teško pronaći veće površine šuma u kojima dominira (postoji) samo jedan tip zemljišta. Radi toga se, prilikom pedološkog kartiranja izdvajaju tzv. serije tipova zemljišta, sa oznakom dominantnog tipa zemljišta. Radi toga je nemoguće, u okviru šuma na krečnjacima izvojiti i kartirati osnovne tipove šuma, već se odmah izdvajaju proizvodni tipovi šuma, na osnovu izdvojenih serija tipova zemljišta. Gazdinske klase se formiraju tada od takvih proizvodnih tipova šuma, a u svom nazivu dobijaju naziv, prema tome da li uključuju sastojine na pretežno plitkim, srednje dubokim ili pretežno dubokim zemljišta na krečnjacima. 

Analizirajući formirane gazdinske klase, unutar mješovitih prebornih šuma bukve i jele sa smrčom u Federaciji Bosne i Hercegovine, odnosno analizirajući njihove prosječne veličine glavnih pokazatelja proizvodnosti: zalihe, zapreminskog prirasta i boniteta staništa utvrđenog preko visina stabala, primjećeno je da se pojedine gazdinske klase unutar pojedinih šumskogospodarskih područja ne razlikuju po tim pokazateljima, a trebale bi. Postavilo se pitanje svrhe razdvajanja šuma na dvije ili više gazdinskih klasa, ako se one ne razlikuju po pokazateljima proizvodnosti.

Sa druge strane, primjećeno je da pojedine sastojine, unutar jedne formirane gazdinske klase pokazuju velike razlike u bonitetu staništa, određenom preko visina stabala. To je upućivalo na zaključak da gazdinske klase nisu ujednačene po ekološko-proizvodnim karakteristikama, i da postoji problem u metodološkom pristupu njihovog formiranja. 
Polazeći od uočenih problema postavljen je cilj rada: analiza adekvatnosti postojećih osnova - kriterija u klasifikaciji šuma na gazdinske klase, unutar regionalne zajednice mješovitih šuma bukve i jele sa smrčom na krečnjacima, i da se, u slučaju negativne ocjene, preporuči novi pristup u formiranju gazdinskih klasa, na lokalnom i regionalnom nivou. 

Za rješavanje ovog cilja bilo je potrebno riješiti više zadataka, odnosno doći do odgovora na pitanja:
7. Da li postoje značajne razlike u bonitetu staništa ili u veličinama zapreminskog prirasta pojedinih sastojina, unutar pojedinih gazdinskih klasa, i to takve da opravdavaju trenutni način formiranja gazdinskih klasa u Bosni i Hercegovini?

8. Da li su sastojine pojedinih proizvodnih tipova šuma homogene po pokazateljima potencijalne proizvodnosti, prvenstveno po veličini zapreminskog prirasta i po bonitetu staništa pojedinih vrsta drveća?

9. Da li je bonitet staništa za rast jele, bukve i smrče, utvrđen preko visina stabala, dovoljno pouzdana mjera potencijalne proizvodnosti sastojina unutar pojedinih tipova šuma bukve i jele, i bukve i jele sa smrčom?

10. Da li postoje značajne razlike u veličinama zapreminskog prirasta sastojina uzrokovane različitim geografskim položajem u Bosni i Hercegovini?

11. Da li postoje razlike u potencijalnoj proizvodnosti, šuma bukve i jele i šuma bukve i jele sa smrčom na krečnjacima u odnosu na ranija istraživanja te proizvodnosti ovih šume na svim matičnim podlogama (krečnjačkim i silikatnim) zajedno, pri istom bonitetu staništa?

12. Koji je optimalan broj gazdinskih klasa, unutar jedne grupe asocijacija šuma (bukve i jele ili bukve i jele sa smrčom, jele i smrče), a da bi razlike u potencijalnoj proizvodnosti sastojina unutar njih opravdavale njihovo formiranje?

Da bi se riješili obimni zadaci rada, bilo je neophodno formirati uzorak i prikupiti veliki broj podataka o šumama bukve i jele i o šumama bukve i jele sa smrčom u Federaciji Bosne i Hercegovine, o pojedinim njihovim sastojinama, te tipovima šuma, njihovom rasprostiranju, te veličinama osnovnih taksacionih elemenata zalihe, zapreminskog prirasta, boniteta staništa pojedinih vrsta drveća i drugih.  U tu svrhu su iskorišteni podaci prikupljeni redovnim inventurama šuma od strane planskih institucija, prilikom uređivanja šuma pojedinih šumskogospodarskih područja u Federaciji Bosne i Hercegovine, vektorizirane vegetacijske, pedološke i karte gazdinskih klasa područja pod šumama i šumskim zemljištima. Takođe su korišteni podaci prikupljeni od strane Šumarskog fakulteta u Sarajevu, tokom kontrola kvaliteta inventurnih radova, unutar pojedinih šumskogospodarskih područja.
U uzorak je odabrano 799 sastojina iz 11 šumskogospodarskih područja. Od toga je najveći broj bio u skupini šuma bukve i jele sa smrčom 510, zatim u šumama bukve i jele 252, i u šumama jele i smrče 37 sastojina. Sastojine su bile grupisane u 9 gazdinskih klasa. Njihova ukupna površina je iznoslila oko 51000 ha, a unutar njih je položeno 9187 primjernih ploha na kojima su izvršena detaljna snimanja velikog broja obilježja stabala i sastojine. Naknadnom analizom, na osnovu zastupljenosti vrsta drveća, izvršena je preraspodjela sastojina, pri čemu su neke preklasifikovane u drugu skupinu šuma. Na kraju je, u okviru šuma bukve i jele sa smrčom bilo 487 sastojina, a u šumama bukve i jele 275 sastojina. U šumama jele i smrče nije bilo promjena u broju sastojina. 

U pripremi snimljenih podataka o sastojinama za analize, izvršena je obrada podataka o stablima da bi se došlo do kvantitativnih pokazatelja o sastojinama. U radu je prezentiran i novi, računski način utvrđivanja relativnog boniteta staništa za pojedine vrste drveća, na osnovu visina stabala. Do sadašnji korišteni relativni boniteti staništa su, u analizama, zamijenjeni apsolutnom mjerom boniteta staništa, prosječnom visinom stabala prečnika 50 cm, radi mogućnosti upoređenja prinosnih mogućnosti sastojina, iz ovih šuma, u različitim regionima.

U rješavanju zadataka rada korištene su različite metode i računarski programi. Za analizu obilježja pojedinih sastojina u prostoru, provjeru tipova zemljišta, utvrđivanje orografskih karakteristika pojedinih sastojina, upotrebljen je GIS računarski program (WinGIS) i funkcije prostorne analize, korištenjem vektorskih karata geološke podloge, tipova zemljišta, tipova šuma i gazdinskih klasa.

U analizi kvalititativnih i kvalitativnih obilježja pojedinih sastojina korištene su metode multivarijantne analize: Analiza varijanse, diskriminantna analiza, opšti linearni modeli i opšti regresioni modeli (Glm i GRM analiza) te Fišerov i Dankanov višestruki rang test, uz korištenje računarskih programa Statistika 7.0 i Statgraphics Centurion.

U optimizaciji metodskog pristupa u formiranju gazdinskih klasa, korištena je Klaster analiza, postupak „K-means clustering“.

U rješavanju prva dva zadatka rada izvršena je analiza postojećih gazdinskih klasa (GK) prema veličinama glavnih pokazatelja proizvodnosti sastojina unutar njih. To su, u prvom redu: zapreminski prirast sastojine, a zatim i bonitet staništa izražen preko prosječnih visina stabala. Utvrđeno je da postoji veliki varijabilitet u pokazatelju boniteta staništa sastojina unutar pojedinih postojećih gazdinskih klasa, i da između gazdinskih klasa koje su najviše zastupljene u uzorku ne postoje statistički značajne razlike u bonitetu staništa. To je upućivalo na zaključak da klasifikacija sastojina na postojeće gazdinske klase nije postigla svoj cilj, tj. da nisu formirane jedinice šuma koje bi bile ujednačenih potencijalnih proizvodnih mogućnosti. Radi provjere ove teze, izvršena je analiza zastupljenosti pojedinih tipova zemljišta po posojećim gazdinskim klasama. Utvrđeno je da postojeće gazdinske klase (GK) nisu dobro formirane, niti prema do sada predviđenoj metodi. Izvršenja je reklasifikacija sastojina u nove gazdinske klase, dosljedno razvrstavajući sastojine, po pojedinim skupinama sastojina (vrstama šuma), na osnovu dubine,a dubini, odnosno tipa zemljišta na kojima se nalaze. Zatim je izvršena ponovo ista analiza, pokazatelja proizvodnosti po novoformiranim gazdinskim klasama (GK-2), veličina zapreminskog prirasta i boniteta staništa. Analizom varjanse je utvrđeno da postoji bolje objašnjenje promjena veličina boniteta staništa i zapreminskog prirasta novim gazdinskih klasama (GK-2) nego postojećim (GK), ali i dalje je postojalo vrlo veliko variranje boniteta staništa i veličina zapreminskog prirasta, unutar pojedinih gazdinskih klasa, a razlike među njima su bile takve da ne opravdavaju njihovo razdvajanje u više gazdinskih klasa. Istovremeno, unutar jedne formirane gazdinske klase, nalazile su se sastojine iz tri različite bonitetne klase. Ne samo to, takve razlike su postoje i unutar samo jednog proizvodnog tipa šume. Analiza promjena veličine zapreminskog prirasta sastojina od prosječnog boniteta staništa, pokazala je da između bonitetnih klasa postoje mnogo veće razlike u veličinama zapreminskog prirasta nego između pojedinih gazdinskih klasa, te da bi, u cilju formiranja jedinica šuma ujednačenih prinosnih mogućnosti, razvrstavanje sastojina u gazdinske klase, samo na osnovu boniteta staništa bilo dosta bolje od dosadašnjeg metoda.

Zaključeno je da se dosadašnjim načinom formiranja gazdinskih klasa ne može postići cilj formiranja gazdinskih klasa, kao skupine sastojina ujednačenih ekološko-proizvodnih karakteristika. 

Cilj formiranja gazdinskih klasa nije da one moraju biti ujednačene po trenutnim pokazateljima proizvodnosti (zapreminskom prirastu, veličine zalihe i temeljnice sastojine) već po potencijalno mogućim veličinama pokazatelja proizvodnosti. Radi toga bi se, prilikom formiranja gazdinskih klasa, trebalo osloni na one parametre čije veličine ne zavise od djelovanja čovjeka ili bar nezavise u velikoj mjeri. 

U radu je zatim prezentiran novi način formiranja gazdinskijh klasa putem klaster analize. Varijable koje su korištene u formiranju klastera su: (1) bonitet staništa izražen prosječnim visinama stabala u sastojini prečnika 50 cm, (2) nadmorska visina sastojine izražena u hm i (3) tip zemljišta, rangiran u 7 klasa prema dubini zemljišta. Odabrane su samo one varijable čije veličine ne zavise od djelovanja čovjeka. U manjoj mjeri zahvati sječama u prebornim sastojinama, ako su neujednačeni kroz vrijeme, mogu uticati na promjenu prosječnih visina stabala, ali taj proces je vrlo spor, a promjene nisu velike. Formiranje klastera je vršeno unutar pojedinih grupa asocijacija – šuma bukve i jele sa smrčom, šuma bukve i jele, i šuma jele i smrče. Unutar svake od ovih asocijacija formirane su samo po dvije gazdinske klase (CLUSTER-GK) tako da ih je ukupno bilo 6.

Veće veličine varijabli boniteta staništa su bile pretpostavka za sastojine boljih proizvodnih karakteristika i obratno. Manje veličine nadmorske visine i oznake ranga zemljišta su bile pretpostavka veće proizvodnosti i obratno.

Zbog bitnog uticaja apsolutne veličine mjernih jedinica varijabli u klaster analizi, prosječne veličine mjernih jedinica ova tri faktra su prilagođene njihovom utvrđenom uticaju na promjenu veličine zapreminskog prirasta sastojine, u omjeru:

Prosječna visina stabala u sastojini (m): Nadmorska visina  (hm): Oznaka kvaliteta zemljišta (1-7) 





= 27: 11 : 4 

Analizom varijanse i diskriminantnom analizom, izvršeno je poređenje kvaliteta klasifikacije na postojeće klase (GK), na korigovane klase (GK-2), i na nove formirane klase klaster analizom (Cluster-gk).

Analiza je izvršena korištenjem varijabli, u čijim veličinama bi se trebale vidjeti razlike sastojina na boljim i lošijim staništima. To su zaliha zastojine (VHA), zapreminski prirast sastojine (IVHA), temeljnica sastojine (GHA) i stepen prekrivenosti zemljišta krošnjama stabala sastojine (STZ). 

Za sve ove varijable, putem analize varijanse, konstatovano je da postoji veći stepen objašnjenja promjena njihovih veličina klasama CLUSTER-GK, nego postojećim (GK) ili korigovanim po dosadašnjoj metodici (GK-2). 

Diskriminantnom analizom, uz korišćenje prethodnih i novih varijabli: zalihe sastojine (VHA), broja stabala u sastojini (NHA), srednjih prečnika četinara i lišćara u sastojini (Dg_L, i Dg_Cet), i prosječnog nagiba terena u sastojini (Nagib), dokazano je da klasifikacija sastojina u gazdinske klase, putem klaster analize, u cilju stvaranja klasa homogenih po proizvodnim karakteristikama, ima nesumnjivu prednost u odnosu na dosadašnji metod formiranja gazdinskih klasa, na osnovu tipova zemljišta i vrsta drveća.

Rezultati diskriminantne analize su pokazali da je klasifikacija putem klaster analize bila najbolja. U prosjeku su u 88,2 % slučajeva sastojine svrstane kvalitetno u klase CLUSTER-GK. U 75,2 % slučajeva sastojine su svrstane dobro u klase GK-2, dok su u postojeće klase GK sastojine kvalitetno svrstane samo u 50,4 % slučajeva.
U daljnjim analizama, izvršeno je istraživanje uticaja različitih faktora na veličinu zapreminskog prirasta sastojina u cjelini i po vrstama drveća, zapreminskog prirasta jele, smrče i bukve u sastojini. 

Korišteni su komplesne metode višestrukte regresione analize. Utvrđeno je da zapreminski prirast sastojine, pored najvažnijih uticajnih faktora, temeljnice sastojine (temeljnice pojedinih vrsta drveća) i boniteta staništa, značajno zavisi i od nadmorske visine i od geografskog položaja unutar Federacije Bosne i Hercegovine, tj. od ekološko-vegetacijskog rejona (EV_R). Ocijenjeno je da promjene zapreminskog prirasta, usljed pripadnosti različitim ekološko-vegetacijskim rejonima nisu veliken niti značajne sa uređajnog stanovišta, tako da bi se mogli pretpostaviti jedinstveni tehnički ciljevi gazdovanja za pojedine gazdinske klase, na cijelom prostoru Federacije Bosne i Hercegovine, ako su njihovi boniteti isti ili vrlo bliski.

U nastavku istraživanja utvrđeni su modeli regresionih jednačina za procjenu veličina zapreminskog prirasta pojedinih vrsta drveća u mješovitoj sastojini, jele, smrče i bukve (ukupno 6 modela po dva za svaku vrstu drveća). Dostignut je visok stepen objašnjena promjena veličine zapreminskog prirasta.

Za zapreminski prirast jele: 86 % i 93 %

Za zapreminski prirast smrče 90 % i 94 %:

Za zapreminski prirast bukve 91 % i 94 %:

Takođe su utvrđeni modeli za procjenu veličine temeljnice pojedinih vrsta drveća. 

Utvđeni modeli su korišteni za projektovanje normalnih sastava prebornih sastojina jele, smrče i bukve, tj. za projektovanje normalnih veličina temeljnice sastojine pri različitim bonitetima staništa i za utvrđivanje veličina zapreminskog prirasta normalnih sastojina. Nekoliko primjera normalnih sastava je prikazano u radu.

Pomoću ovih modela jednačina utvrđeno je da su prosječni zapreminski prirasti sastojina u Federaciji Bosne i Hercegovine, pri istim bonitetima staništa, istim udjelima jele, smrče i bukve i zalihi, i iste veličine temeljnice sastojine, danas veći u prosjeku za oko 1 m3/ha, nego prije 50 godina, na osnovu istraživanja Matića (1963), unutar istih šuma u Bosni i Hercegovini.

S tim u vezi, prilikom utvrđivanja tehničkih ciljeva gazdovanja za gazdinske klase unutar mješovitih šuma bukve i jele sa smrčom u budućnosti, rezultati ovog rada bi se morali koristiti.

Utvrđeno je i da se, unutar jedne grupe asocojacija sastojina (vrsta šuma), po pojedinim šumskogospodarskim područjima, putem klaster analize, mogu formirati najviše dvije gazdinske klase, a da bi se prosječne veličine glavnih pokazatelja proizvodnosti sastojina, zapreminskog prirasta, zalihe i temeljnice, značajno razlikovale, statistički i sa uređajnog stanovišta.

