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Jiodia 3aonik-IlImipn — Yuieepcumem ¢ JIroonanax

MIIXIJ BATATOKPUTEPIAJIBHOI OTUMIBAILIL 10
MEHE/KMEHTY JICOBOI'O I'OCIIOJAPCTBA 3
YPAXYBAHHSAM BAI'ATOHIJIBOBOI'O BUKOPUCTAHHA

BpaxoByroun, 1110 MEHEPKMEHT JIICOBOTO T'OCIIOIApPCTBA TyXKe BaKIMBHMA I 3a0e3-
MIEYCHHS PIBHOBAard B €eKOHOMIYHUX, €KOJIOTTUHUX 1 COIIAIbHUX I[iJIeH, MU TMPEACTABIISIEMO
OaraTokpurepiajibHy 1 0araTOBUMIPHY MOJENb MIATPUMKHU NMPUHHATTS pimieHb. BoHa nae
3MOTY BHM3HAYMTH ONTHMAJbHE YIPABIIHCHKE DPIMICHHS 3 YpPaxyBaHHSM BHMOT CTaJIOTO
PO3BHUTKY 1 PI3HOMAHITHOTO BUKOPHCTAHHS JICiB. 3amporOHOBaHA MOJIEIb ITATPUMKH
NPUAHATTSA PIIICHb PO3TJIISIAE MPOIIEC MEHEIKMEHTY JIICOBOTO TOCIIONAPCTBA 3 ypaxyBaH-
HSIM CTaHy, pillleHb, [IIbOBUX (YHKILIN Ta 3BakKeHUX BapTocTed. OCKUIBKU CTaH JIiCy OIU-
CYIOTh 3 JIOTIOMOTOI0 CYO'€KTMBHUX 1 HEIOCTOBIPHHMX 3MIHHUX, MU BUKOPHUCTAJIW amapar
HeuiTKOi Jioriku. Biarak miHiliHa QyHKIIsS KOPUCHOCTI, OaraTOBUMIpHUI aHaNi3 Ta aHawi3
1epapXiyHUX MPOIECiB BUKOPUCTAHO IS OLIHKM KOH(IIKTYIOUUX IIiJIeH 3eMIIeBIacHHUKA-
MU, €KCIIEPTaMH 1 TPOMAJIO0, a TAKOXK JUIS CXBAJICHHS ONTHMAJIBHOTO PillIEHHS, TOOTO pi-
IICHHS, IKe MA€ HaBUIILY KOMIIPOMICHY OLIIHKY.

Kii04oBi cjioBa: MEHEKMEHT JIICOBOTO TOCTIOIAPCTBA, 0AraToIiibOBOr0 BUKOPHC-
TaHHS JIICIB, MO/IEJb MIATPUMKHU MPUHHATTSA pillieHb, OaraToKpuTepiaibHa 1 0araToBUMipHa
MOJIENIb, METOIHM HEYITKOI JIOTIKH.
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Lidija Zadnik Stirn

A Multi-criteria optimization approach to forest management

regarding its multiple-use’

Taking into account that in forest management it is indispensable to create an equilibri-
um of economic, ecological and social objectives, we present a multi-criteria and multivari-
ate decision support model. It enables the determination of the optimal management decision
based on a concept of sustainable and multiple uses of forests. The presented decision sup-
port model considers the forest management process in terms of states, decisions, objective
functions, and their weighted values. Because the state of the forest is also described with
subjective and uncertain variables we use for these uncertainties and imprecision fuzzy met-
hods. Further, the linear utility function, multivariate analysis and analytic hierarchy process
are used to evaluate the conflicting objectives by landowners, experts and public, and finally
to select the optimal decision, i.e. the one with the highest compromise value.

Keywords: forest management, multiple-use of forests, decision support model,
multi-criteria and multivariate methods, fuzzy methods.

1. Introduction

General awareness of natural resource limitations is growing. Ecological cri-
sis and social demands for maintaining the natural environment play an active role
in many public discussions. These issues have, along with the existing economic cri-
teria, become a key part of the modern concept of management of the environment.
This is also true of forestry and forest management, what is in the last decades cle-
arly expressed by several acts (in USA, for example, in: 1960 Multiple Use and Sus-
tained Yield Act, 1969 Environmental Policy Act, 1975 National Forest Manage-
ment Act — see Driver, 1990, and Rauscher, 1999), agendas (for example: UNCED,
Agenda 21, Conservation of Biological Diversity, Rio de Janeiro, 1992, WRI,
IUCN, UNEP, Global Biodiversity Strategy, Baltimore, 1992, the 5" Environmental
Action Program "Towards Sustainability" accepted by European Parliament in 1998,
followed by Agenda 2000 — see Brown, 1993, and Biodiversity Conservation Stra-
tegy of Slovenia, 2002), and is applied by several authors dealing with forestry prob-
lems (for example: Sleavin and Camenson, 1994, Lippke et al., 1996, Brumelle et
al., 1998, Rauscher, 1999, Schmoldt et al., 2001, Kangas and Kangas, 2002, etc.).
Forest management, being an important branch of the economy and environment, is
generally defined by the state Forest Act (in Slovenia, for example, by Republic of
Slovenia Forest Act, 1995, and by Biodiversity Conservation Strategy of Slovenia,
2002) and includes the protection, silviculture, exploitation and use of forests, as
well as ensuring the multipurpose management of forests, since forests have been
designated a natural resource. The state or the owner of a forest should maintain and
use the forest, while society as a whole benefits from the amenity value of that fo-
rest. Therefore, we deduce that the forest management problem consists of decisions
on how to schedule forest activities for an existing forestland. These decisions,
which are assumed to be undertaken in a forest system in order to support the deve-
lopment of a forest process, should maximize the expected profit for the landowner,
and guarantee the present and future needs of the society as a whole, while taking into
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consideration ecological and social objectives, i.e., the decision should maximize the
utility of the owner and society.

Consequently, in forest management process, the decision-maker is chal-
lenged with a large-scale and complex decision problem which is a multi-objective
and stochastic problem. This problem has during the last decades precipitated the
development of various interdisciplinary decision support models (DSM) to aid hu-
man ability to understand and evaluate forest management situations and scenarios.

DSM is a concept in which a computer system is placed at the disposal of
the decision maker, who uses data and procedures to formulate a problem, and to
evaluate decisions.

The decision making process searchers for the "optimal" decision, and thus
includes formulating the problem, designing activities (alternatives, decisions), set-
ting the goals, evaluating the consequences for each decision, and finally ranking
the consequences according to the preferences, i.e., finding the alternative that ma-
ximises the utility. This approach is usually developed by the use of operations re-
search or system analysis methods. The decision making process is above all con-
cerned with how to choose from a set of alternatives, therefore it usually falls short
in framing the problem, developing the alternatives, setting the goals and imple-
menting the decisions.

Forest management process with multiple objectives, and often with mul-
tiple stakeholders with conflicting interests points towards optimisation methods,
and in the last decades indicates the possibilities to utilise the multiple criteria de-
cision support (MCDS) models. Taking into account the problem of forest manage-
ment and having in mind the fact that it is indispensable to create an equilibrium of
economic, ecological and social objectives, we present a multiple-criteria and mul-
tivariate decision support model which enables the determination of the optimal se-
quence of decisions based on a concept of sustainable and multiple-use of forests.
In the presentation, the forest management process is defined in terms states, deci-
sions, objective functions, and their weighted values. Because the state of the forest
is also described with subjective and uncertain variables we use for these uncerta-
inties and imprecision fuzzy methods. Further, utility theory (Keeney and Raiffa,
1976), multivariate analysis are used to evaluate the conflicting objective functions
by landowners, experts and public. After the assessment of management decisions
is completed, we elicit the joint utility, i.e., an acceptable trade-off between
conflicting objective functions, using the weighted values of decisions defined
through analytic hierarchy process. To illustrate the problem and methods of the
system we present some computational experiences from a case study (manage-
ment of a forest in south-west part of Slovenia).

1.1. A brief review of DSM for optimal forest management

Models are essential for nearly all forestry activities (Buongiorno and Gil-
less, 1987) and few decisions are made without referring to them. Most abstract
models are mathematical models in which reality is described in terms of the al-
gebraic relationships between them.

Forest management models involve economic, biological, environmental,
social, and sometimes even legal variables. These variables are interrelated and can
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thus be defined in terms of each other. Methods used to solve such models are de-
veloped within the discipline of operations research, of management science, and
of system analysis. Working groups all over the world have been studying the
applications of these methods to the field of forestry. Therefore, computer based
models are not new in the field of forestry. Since the late 1970's we have witnessed
a growing concern for the ability of models to satisfy the needs of planners, fo-
restland managers and their clients. Forest management models can be classified
according to the considered unit or level, deterministic or stochastic properties, and
the algorithm used (linear programming, dynamic programming, multi-criteria de-
cision making, etc.). Earlier works in the field of forest management planning
stressed the application of linear programming models, such as FORPLAN, to fo-
rest management problems (Kent et al., 1985). One commonly-stated shortcoming
of FORPLAN is that it is a deterministic model. Thus, some papers examine how
the forest planner should understand model outputs in view of uncertainties (Hool,
1966, Kao, 1982, Gunn, 1996, Kouba, 2002).

Nonlinear programming methods, such as discrete-time and discrete-state
version of deterministic dynamic programming, were applied to the optimal forest
management problems by Brodie et al. (1987), Zadnik Stirn (1990), Hof (1993),
Joebstl (1997). The multiple-use forest management was expressed by goal prog-
ramming (Mendoza, 1986), and later by other multi-objective methods (Gong,
1992, Zadnik Stirn, 1993). Much attention has been focused on the incorporation
of biodiversity into multi-objective forest-management models (Loehle et al.,
2002). Indicators and public's values for sustainable forest management were studi-
ed by Prabhu et al. (1999) and Shields et al. (2002). Researchers at the Oregon Sta-
te University developed a Scheduling and Network Analysis Program (SNAP)
(Sessions, J. and B., 1994). The same year, researchers at the US Forest Service
developed IMPLAN (Impact Analysis for Planning) which is used in US National
Forests to create regional economic models. A pioneering effort to estimate the
costs of sequestering carbon was made by a dynamic, nonlinear programming mo-
del of the forest, assigned as Forest and Agricultural Sector Optimization Model
(FASOM) (Adams et al., 1994). Another complex, user-friendly decision support
system in forestry is SPECTRUM (Sleavin, 1996).

Above all, we have to highlight that multiple criteria methods, combined
with fuzzy and interactive procedures, and multivariate analysis are being develo-
ped also to predict the effects of different forest management policies on the ecolo-
gical, economic and social status quo. Further, we can expose that the gap between
the problem of economic, ecological and social management of the forest, and the
results of the developed ecosystem management decision support systems still
exists. Finally, we can persuade that optimization models can provide a set of poli-
cies which results in considerably improved decision making in sustainable forest
management. All these three facts have encouraged us to generate a DSM which
supports the optimization of a forest process. This attempt is presented in this paper.

2. Methods and theoretical approach to the presented DSM
The developed DSM simulates forest management decisions while provi-
ding information about the public acceptance of various types of land management
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options designed by forest managers. In the model the forest management process
is defined in terms of states, decisions and multiple objectives.

2.1. State variables

The state of a given forest-system is described in terms of properties (com-
ponents) of the elements which comprise the forest system. These are represented
by variables (parameters) sy, s,,... S, as area of forest land, number of plant speci-
es, number of animal species, the level of conservation of biodiversity, amount of
forest products, labour force, machinery, financial resources, ecological conditions,
recreational possibilities, etc. Some parameters cannot be expressed precisely since
the forest decision support system deals not only with parameters defined by nu-
merical variables but also with subjective assessments and value judgments, as for
example recreational possibilities, and ecological conditions. Thus, fuzzy logic is
used for descriptive (linguistic) parameters (Zimmermann, 1987), i.e., a fuzzy set
and its membership function are derived for each linguistic parameter. The limit
values for each individual linguistic parameter are defined by means of certain ru-
les — as "acceptable" values.

The fuzzy and non-fuzzy parameters which define the possible state of the fo-
rest system form a state vector x(j)= X(sy, S2,..., Sp)€X, where X 1s the set of all possib-
le state vectors. We suppose that there is a finite number of such vectors (j=1,2,..., J).
Thus, in practice, the set X is a finite and discrete set of state vectors xj).

2.2. Decision variables

The decision maker can influence the existing forest-system, described by
the state vector x(j)=x(si, Sa,..., Sp)€X, by invoking management decisions, expres-
sed by decision variables d(m, x(j)). The decisions d(m, x(j)) are determined on the
base of technical possibilities, investment measures (there exist investment levels
brought about by stakeholders with different interests, and on the base of silvicultu-
ral measures, as for example: no activity at all (the forest develops in accordance
with laws of nature), conversion (the existing tree specimen is exchanged with a
new one), thinning and stand regeneration which are undertaken at different inten-
sity. The set of feasible decisions is further constrained by area limitations, budget
constraints limiting total annual expenditures and investments (operational profit,
savings, bank loan, timber sales, etc.), available machinery and labour hours, envi-
ronmental constraints, the use of production means, etc. Thus, each state vector x(j)
is associated with a finite discrete set of decisions D(x(j)); d(m, x(j))eD(x(j)),
m=1,2,..., M. The decisions are mutually exclusive for any given state x(j).

The theoretical and empirical issues dealing with the question of decision
making simply assume the decision variables as given, or generate the decisions
for a well known and defined problem in a marginal way. Therefore, the identifica-
tion and formulation of the decision variables is a problem which also has to be
studied carefully. One of the novelties and contributions to the improved identifi-
cation and formulation of forest management decisions is given here by the frame-
work for generating the decisions (Zadnik Stirn, 2002).

2.3. Objective functions
The objective function defines the performance criterion and is the function
that is then optimized. It reflects managerial objectives and links state and decision
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variables. It is associated with state x(j) and decision d(m, x(j)) and is a vector
function Z(x(j), d(m, x(j))) with components z(k, x(j), d(m, x(j))). k=1,2,..., K, be-
cause we assume that in practice K objective functions, such as net revenue from
production, water quality, protection of wildlife, recreational opportunities, etc.,
are taken into account. Quantifiable and intangible costs and benefits of a given de-
cision have to be determined in order to assess objectives.

2.3.1. Assessment of objective functions by utility functions

The values (preferences) for objective functions z(k, x(j), d(m, x(j))) from
the managers', owner's and investors' (decision maker's) point of view are required.
Multi-attribute utility theory (MAUT) (Keeney and Raiffa, 1976) can help the de-
cision maker to determine these values. Using MAUT it is assumed that the objec-
tive functions z(k, x(j), d(m, x(j))) for k=1,2,..., K are determined by attributes ay
(x(j), d(m, x(j))), each having a finite number of possible values called levels. Let
ax. i (x(n, j), d(m, x(j))) be the i-th level (i=1,2,..., I) of the k-th attribute (k=1,2,...,
K) associated with the state x(j) and decision d(m, x(j)). The vector objective
function Z(x(j), d(m, x(j))), consisting of components z(k, x(j), d(m, x(j))),
k=1,2,..., K, is expressed as the decision maker's multi-attribute utility function
V(@i . -5 Ak i»- -, Ak, i)- In an MAUT approach, the marginal utility functions vi(ay ;
(x(3), d(m, x(3)))), k=1,2,..., K, are first established and then the utility function
v(ai, i, Ak is-> Ak, i) 18 Introduced as (Alho et al., 2002):

V(@1 ises 8k, ises Ak, )=V(VI(@L, i (X(), d(m, X()))),., Vi(ax i (X(), d(m, X(j)))),.. .,
vk(ak, i (X(j), d(m, x(j))))). Further, many approaches assume that the overall utility
function is a weighted linear function of the marginal utility functions (Winston,
1994), i.e.,

K
V(@1 e ey Bk e ees A1) = kEIWka(ak,i(X(i), d(m, x(3)))) (1)

where the weight wy presents the relative importance of objective k. In the standard
version, the weights wy are estimated applying pairwise comparisons carried out by
decision makers. The relative importance of the objectives can be computed also
using the analytic hierarchy process (AHP) (Saaty, 1994).There are several ways to
assess the marginal utility function vi(ax; (x(j), d(m, x(j)))) in (2). If the attribute
ax; 1s a numerical variable (known with certainty), and the decision maker is risk
neutral, the marginal utility function for a single attribute is linear. In this case, the
function v(ay;) is given as (Winston, 1994):

Vk(ak, i) = (ak, i— 4, Worst)/ (ai, best — a4, worst) (2)
where viag i = i, worst) = 0 and vi(a;, pest = axi) = 1.

2.3.2. Public preferences assessed by multivariate procedures

Ideally, the public, i.e., various representative groups of consumers who be-
nefit from the amenity value of the forest-system, should be included in the decisi-
on-making process. Thus, decisions must be made public. Public, representatives
of consumers, or experts, assigned as respondents, express their opinion on decisi-
ons, i.e., make their own choices by conducting the survey, which we finally
analyse using multivariate methods. The procedure to be followed for the evaluati-
on of the decisions by public/residents consists of formulation of the indicators,
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construction of the questionnaire in which the respondents are asked about their
preferences towards the selected decisions (Zadnik Stirn, 2004), identification of
the respondents, performing the interviews, and analysing the questionnaires thro-
ugh factor analysis and post hoc procedure (Hair et al., 1998). The objective of fac-
tor analysis is to find a way of condensing the information contained in a number
of original variables (questionnaire responses) into a smaller set of variates (fac-
tors) with a minimum loss of information. The suggested procedure comprises: the
specification of a number of factors (eigenvalues criterion and scree test criterion
are used), interpreting the role each variable plays in defining each factor accor-
ding to the decisions, calculating the means of factors which represent the evaluati-
on of decisions by the selected interviewers; calculating the differences between
the groups (decisions) and the means of groups by post hoc procedure.

2.4. Determination of relative importance (weights) of objectives

Finally, knowing the effects (normalized values) of each decision on both,
owners/experts, assigned as Vi, and public/residents sides, assigned as g, the
analyst determines the best compromise decision as a weighted sum of both values
for each decision, 1.e., the overall result (v,;):

Vor = W1 Vygility T W2 Veiph - (3)

The weights w; and w;are determined by AHP (Analytic Hierarchy Pro-
cess) method (Winston, 1994), so that the distinctive experts are asked to reveal the
pairwise comparison on the 1 to 9 Saaty's scale comparing the importance of ex-
perts/owners and public/residents for the decision making regarding the investment
and management of the forest. The value 1 means that two objectives are of equal
importance, 3 means that judgments slightly favor one objective over another, ....,
9 means that favouring one objective over another is of the highest possible order
of affirmation, 2, 4, 6 and 8 are intermediate values, while the reciprocals of these
values tell that if objective k has one of reasonable assumptions of the above non-
zero numbers assigned to it when compared with objective j, then j has the recipro-
cal value when compared with k (Saaty, 1994).The pairwise comparison data are
gathered in comparison matrix A which is a square, positive and reciprocal matrix.
The vector of weights w=(w,, wy) 1s calculated with multiple squaring of matrix A
to the satisfactory exponent, i.e., A, A% (A%)% etc. Then, the lines are summed up
and normalized.

3. CASe study

Some fundamentals of the elements of the presented DSM are illustrated on
the management problem of the forest Panovec which is for the sake of simplicity
and with the aim to serve for illustration presented and treated in a restricted way.

3.1. The forest Panovec and its current (existing) state vector

The forest Panovec lies in the immediate vicinity of Nova Gorica, Slovenia
and covers a total area of 384 ha (forest, meadows, trails), of which 364 ha are fo-
rests. An area of 19 ha and is a forest under full protection. Oak, pine, ash and be-
ech are the main tree species. The compositional variety of species is very large
(102 tree species, 869 fungi species, 33 bird species, 150 butterfly species, 7 game
species, etc.), (Papez, 2001). Panovec is state owned. In 1981, the Society of Fo-
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restry Engineers and Technicians of Republic Slovenia and the Forest enterprise
SGG Tolmin opened the Panovec to the general public with a forest learning trail
(access 1s free). The aim of the trail is to get more visitors (young and adult) in the
area in order to educate them about the forest in many ways. The trail is also used
for recreation (walking, running,...). All these properties of the Panovec forest are
employed to express the current state of the forest, the state vector x(j=1) =
X(81, ...., Sp). Most of the parameters (components) can be presented by the numeri-
cal values, while there are some of them which are only subjective judgments.
They need to be defined by means of fuzzy logic. One of such, is the recreational
level. Let us show how the membership functions for such parameters are produ-
ced, on the imprecise feature concerning recreational use level. If the ideal value of
recreational use level x is specified as 2.5 recreation visitor-days in a year, and also
the values from the interval [1.5, 3.5] may be acceptable, and a triangular fuzzy set
membership function w(x) is developed (Figure 1), pu(x) is as follows:

0 for1.5>x>3.5
nx) =< x-1.5 forl.5<x<2.5 4)
—x+3.5 for2.5<x<3.5

Hx)

0

15 25 35 =X

Figure 1: Membership function of recreational use level

3.3. The possible decisions undertaken in forest Panovec

The decisions of the management process in forest Panovec was determi-
ned through an intensive research of the forest and environmental experts from No-
va Gorica. The basis for their expertise were the demands for a sustainable and en-
vironment friendly forest which fulfills the economic requirements of the owner
and the recreational/educational desires of the public/visitors. In the existing state
x(j=1), the forest-learning trail is supposed to be under renovation, some new rec-
reational and educational areas will be created, a new guide to the forest learning
trail and a handy leaflet will be issued with the aim of inviting more visitors. Addi-
tionally, an evaluation of the space will be undertaken in terms of defining limits
on recreational and other management activities. Different plans, evaluations, fi-
nancial, ecological and social studies were examined, and a list of feasible tasks
(targets, problems) which should be carried out in Panovec, was generated in the
serious expertise with the decision makers in Nova Gorica. By matching the tasks,
the location, level of operation, effects on environment, and financial possibilities
were considered. The final list of tasks included 35 tasks. Further, there were
15 questions formulated for 35 tasks. The results of the questionnaires for all 35
tasks obtained in the interview with 9 interviewers (representatives of institutions
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important for management of Panovec) are gathered in Zadnik Stirn (2002). The re-
sults were then analyzed using the cluster analysis within the SPSS program (Noru-
sis, 2002). The most suitable number of groups (clusters) of all 35 tasks was defined
by Ward criterion function, and three clusters were considered as reasonable. In such
a way, three decisions were formulated. The tasks of the first decision (cluster), as-
signed as d; may be interpreted as economically oriented because the tasks compi-
ling the first decision sustain the economic development of Panovec. The tasks com-
posing the second decision, d,, are assigned as ecologically oriented because they
maintain the environmental sustainability of Panovec, above all the biodiversity. The
tasks of the third decision, d;, are educationally oriented as they support the issues
developed with aim to educate the visitors about the forest in many ways.

3.4. Assessment of the forest Panovec objective functions by utility

functions

In the treated example only economic objective functions z(k, x(j), d(m,
x(j))) of the forest Panovec were considered by MAUT procedure. If we assume
that for certain economic objective functions z(k, x(j), d(m, x(j))) of the forest Pa-
novec there exist two indicators (attributes), let us say net income from cut wood,
assigned as a;, and net revenue from non-wood forest products, assigned as a,, the
utility function vi(ay), (k=1,2), for the state x(j=1) and decisions d,,, (m=1,2,3) is
calculated according to equations (1) and (2), (Table 1, Table 2 — the second row);
where the both weights in (1) were taken as equal (w;=w,=0.5). In Table 2 also the
normalized values are given. The revealed utility values (second row of Table 2)
show that decisions d, and d; are of equal importance, while decision d; is less im-
portant to the decision maker who used MAUT procedure to assess the decisions.

Table 1. Utility functions for two objective functions (attributes) and three
decisions according to equation (2)

Atributte A, worst Vi(ay, i)

aj; 10 (a;; —10)/40
Ay 50

Value/Decision dy
ity (Vagne) 0.31 (0.24)% 0.5 (0.38) 0.5 (0.38)
Factor + post hoc (Veen) | 3.23 (0.324) | 3.42 (0.343) | 3.32(0.333)

0.2770 0.3637 0.3593

* 1n brackets are normalized values

3.5. Assessment of the forest Panovec objective functions by

multivariate analysis

The decision maker made public the three selected decisions (d;, d, and ds)
so that residents, visitors, different NGQO's, etc., who benefit from visiting Panovec,
could be included in the decision making process. In our case, public assessed the
chosen decisions undertaken at state x(j=1). According to decisions d,, d,, d;and
20 questions (variables) 48 interviews with public were performed. The question-
naire with 20 questions and results of the accurately conducted surveys with 48 re-
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sidents/visitors are given in Zadnik Stirn (2004). Following the scree analysis we
accomplished the factor analysis with 3 factors, and concluded that factor 1 loads
9 questions from the questionnaire, factor 2 loads 6 questions, while factor 3 loads
5 questions. Because of the fact that the 9 questions explained by factor 1 signifi-
cantly demonstrate the decision d; of Panovec, the 6 questions enlightened by fac-
tor 2 are closely connected to decision ds, and the last 5 questions justified by fac-
tor 3 give details about the decision d,, we calculated the average values from fac-
tor scores for each of the decision. Further, we conducted the post hoc procedure
which produced mean values for decisions regarding the differences between deci-
sions. Table 2 (third row) shows the mean values v¢,,,, obtained by factor analysis
and post hoc procedure, and tells that d, reaches the highest average value (3.42),
the second average value is reached by ds (3.32), and the lowest by d; (3.23). The
results of factors analysis and post hoc with the normalized average values for all
three decisions are given in the third row in brackets.

3.6. Weights for the relative importance of the selected procedure

determined by AHP

Finally, using formula (3), we have calculated the joint values of an overall
objective function, i.e., for the decisions d;, d; and ds, by taking into account the
values obtained as utility function's values vy, and the values obtained from fac-
tor analysis/post hoc procedure vg,n, multiplied by weights w;=0.56, and
w,=0.44 obtained through AHP method (Zadnik Stirn, 2004). The overall results
Vor (fourth row in Table 2) show that the decision d,is the most important (with
0.3637), d;is on the second place (with 0.3593), while d;is the least important
(with 0.2770) to the experts/owners and public/residents who evaluated the decisi-
ons according to their preferences.

4. Conclusion

Ecology, environmental planning, politics, economics and social questions
are some of the issues involved in forest management planning. Thus, the solution
to the multiple-use forest management problem involves the integration and coor-
dination of multiple decision makers and can not be obtained by the sole use of any
one operations research method. The combination of multi-objective techniques,
captured in a DSM, that can also accommodate interactions with the stakeholders
was presented. It may provide credible solutions and facilitate the acceptance and
implementation of the forest management decisions. Further, the decision makers
must generate forest land management decisions and make them known to the pub-
lic. The public can then make choices and define their own best land management
scenario. Thus, the end users of a presented decision support system might be fo-
rest institutions or enterprises in charge of public woodland management, rural de-
velopment institutions, private owners of woodlands, and mixed farms using their
land for both forestry and agriculture.

With the emphasis placed on public input it is clear that this area deserves
increased attention. One real difficulty of generating and analyzing the forest mana-
gement decisions is that there is considerable uncertainty about the impact values.
These need to be captured by using a more detailed study of probability distributi-
ons. Such analysis is one of the issues left for future research.
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During implementation of the decision support system, the preferences of
the decision makers, and/or public may change, or new ideas of experts could be
produced. In order to control such changes, the system must be constantly monito-
red to ensure that the chosen parameters are still relevant. As soon as they change,
the feedback in the DSM should be witnessed.
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Y/IK 303.725.004.942.316.276:504.03 Mazicmpanm B.O. 3ybau;
oou. JI./I. 3azeoiicoka, kano. exon. nayk — HJIITY Ykpainu

JOCJ/IIIKEHHSA YIIOAOBAHb HACEJIEHHSA IIO10 NOCJIYT
MICBKHUX ITAPKIB I 3EJIEHUX 30H Y KOHTEKCTI MICBKOT'O
JIICIBHULITBA

Po3rnsHyTO TeHe3uc 1 CyTHICTh KOHILIEMIli MICBKOTO JIICIBHUIITBA, MPOAHAI30BAHO
3HAYCHHS 3€JI€HUX 30H y (OpMyBaHHI MPUPOJHOTO 1 KYJIBTYPHOTO AOBKLLISA MicT. Jljis
JOCHIJKeHHST YI10100aHb HACEJIEHHS 1010 IHTErPOBAHOIO 0araToIiibOBOr0 BUKOPUCTAH-
HSl PeCcypciB 1 TOCIYT MICHKUX MPHUPOJIHUX CHCTEM 3aCTOCOBAHO METOJ KOHIICNTYaIbHO-
3MICTOBHOTO KOTHITUBHOTO KapTyBaHHS Ha MpUKJIaai PerionanpHOTO NanamadTHOTO map-
Ky "3HeciHHs".

Kuo4uoBi ciioBa: michbKe JIICIBHUIITBO, METOJT KOHIETITYaJIbHO-3MICTOBHOTO KOTHi-
TUBHOTO KapTyBaHHS, YIIO100aHHS, MIChKi 3€JI€HI 30HH.
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