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Abstract

In this research, efficiency covering the years 2007-2009 of the forest sub-districts in the Izmir Forestry Regional
Directorate was evaluated using 15 variables by fuzzy data envelopment analysis. Fuzzy data envelopment analysis solutions
were carried out using the data range. Fuzzy data was established by defining the lower, central and upper limits on the basis of
the triangular membership function. These data are converted into interval data considering the approach of Zimmermann
(1991) o cutting set. Thus, the upper and lower limits of efficiency values were obtained at five different « (0; 0.25; 0.50; 0.75 and
1.00) using fuzzy data envelopment analysis. Then inefficient forest sub-districts were listed from best to worst using the
Minimax Regret-Based Approach. As a conclusion, Gégbeyli, Sarigél, Kinik, YeniSakran and Kemalpasa forest sub-districts have
the best efficiency. On the other hand, Salihli, G6érdes, Akhisar, Manisa, Odemis and Tire forest sub-districts have the worst

efficiency.
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INTRODUCTION

Efficiency is either expressed as the ratio
between maximum output obtained by utilizing the
best of the production techniques and the effected
output or as capacity and willingness of producing
possible maximum output of a decision unit by using

data entry technology set (Candemir and Deliktas 2005).

Efficiency is also defined as the capacity to achieve
maximum results with minimum effort or expense
(Kok 1991).

Data Envelopment Analysis (DEA) is one of the
methods used in measuring the efficiency. DEA was
developed in order to measure and compare the
technical efficiency of the public institutions on the
basis of article on efficiency measurement of Farrell
(1957) by Charnes et al (1978) (Ulucan, 2000). Today
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DEA is used in many fields such as production, service
and finance.

DEA is an effective and practical method
assessing the relative efficiency of the decision units
during managerial decision-making process by
evaluating the sum of weighted outputs by comparing
with the sum of weighted inputs with the help of a
large number of input and output variables (Wen and
Li 2009; Moghaddam and Ghoseiri 2011). By the use of
DEA, active and inactive decision units are determined
and then the amount of resources more or less those
inactive decision units use, output level that has to be
produced in accordance with the current input level
and the units forming the active reference set atre
obtained (Ulucan 2000). In DEA while decision units
do not have fixed efficiency values, the efficiency values
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of those units depend on the selection of input and
output vatiables (Haghighat et al. 2005).

In 1965, Lotfi A. Zadeh laid the foundation of
the fuzzy logic by proposing the definition of fuzzy sets
where qualifications are expressed with the graded
membership function instead of the classical sets where
qualifications  are  expressed with the binary
membership function. Fuzzy thought system developed
by Zadeh, nowadays, has been widely used in the
development of fuzzy models within the scope of
multi-criteria decision making technique such as data
envelopment analysis, analytical hierarchy process, goal
programming and linear programming.

In standard DEA models, inputs and outputs are
measured by means of the exact numbers in a ratio
scale (Haghighat et al. 2005). Due to their more
important and realistic role when evaluating the
effectiveness of decision units, fuzzy DEA models
which cover fuzzy numbers have been developed
(Khoshfetrat and DaneshvarS 2011). Fuzzy number is
expressed as a fuzzy set that is defined by floating point
numbers that are convex, normalized and have finite-
continuous membership function (Baykan and Beyan
2004).

Sengupta (1992), by making use of fuzzy sets
theory and with the aim of determining the values of
decision units that have either missing or inadequate
input-output data and showing them in DEA models,
has designed fuzzy linear programming model, and thus,
has published the first study on fuzzy DEA (Giines
20006; Saati et al. 2002).

DEA studies performed in recent years have
been focused on how to convert data with fuzzy value
into data with precise value and how to incorporate it
into the standard DEA structure. For the solution of
fuzzy DEA  problems, approaches such as
defuzzification, a cutting set and fuzzy sequencing have
been developed (Triantis and Girod 1998; Tsaur et al.
1999; Kao and Liu 2000; Guo and Tanaka 2001; Saati
et al. 2001; Lertworasirikul 2001; Despotis and Smirlis
2002; Entani et al. 2002). Thereafter, by using input-
output data with interval and/or fuzzy value, interval
DEA model has been developed to measure the
smallest and the highest relative efficiency of each
decision unit (Wang et al. 2005). Thus, by providing
interval efficiency or effective intervals as reference,
efficiency value of each decision unit has been
characterized as the best lower limit effectiveness or as
the best upper limit effectiveness. As for sequencing
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and comparison of interval efficiency of the decision
units, Minimax Regret Approach has been used.

DEA applications in forestry were initiated by
Rhodes (1986) (Balteiro et al. 2006). The first studies
that followed this approach have focused on the
measurement of technical efficiency of the forestry
organizations by means of DEA (Joro and Viitala 1999;
Balteiro et al. 2006; Kao and Yang 1991; Kao 1998 and
2000; Viitala and Hanninen 1998). Later, Lebel and
Stuart (1998) in determining the contractors who
perfom logging production works; Zhang (2002) in
determining silvicultural activities; Strange (2003) in
determining the effectiveness of reserve fields that were
proposed with the intent of the selection of areas of
biodiversity and Hof et al. (2004) in defining the
maximum potential of the forest and pasture areas,
benefited from DEA technique. Again, the fuzzy DEA
models developed by Kao and Liu (2007) and Kao
(2009) were used in evaluating the effectiveness of
forest management units. These studies have shown
that it is possible to carry out the evaluation of the
efficiency by means of DEA; in the level of forest
enterprises/forest sub-districts/forestry class even in
the level of sub-units/ activities/staff.

In Turkey, several researches were carried out in
order to determine the efficiency, productivity, success
or performance of the forest enterprises by Geray
(1982), Caglar (1988), Caglar and Oncer (1990),
Dasdemir (1996 and 2002), Altunel (2003), Sentiirk
(2005) and so on. It was benefitted from standard
DEA, Stochastic Production Frontier Approach (Basar
et al. 2009) and Malmquist Total Factor Productivity
Index (Korkmaz 2011a) in an attempt to evaluate the
efficiency of the Forest Regional Directorates (Alim
2004) and forest enterprises (Korkmaz 2011b). On the
other hand Safak (2009) compared the efficiency level
of the forest enterprises both with standard and fuzzy
DEA.

As can be seen, forest enterprises were targeted
within the researches done on efficiency rating in
Turkey and efficiency ratings have not been
implemented at the level of forest sub-districts. Above
given studies have shown that efficiency rating can also
be done on the basis of sub-units of the forest
enterprises and even if these units do not have the
ability to make decisions individually and independently
will not hinder efficiency analysis made by DEA.

In this article, with fuzzy DEA, effectiveness of
activities of the forest sub-districts in the Izmir Forest
Regional Directorate devoted to the production,
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silviculture, forest roads construction, protection and
combeat forest fires was evaluated.

MATERIAL AND METHOD

As research area, the forest sub-districts within
the Izmir Forest Regional Directorate located the
Aegean Region were selected. The efficiency of those
forest sub-districts during the years of 2007 and 2009
was evaluated by using the model suggested by Wang et
al. (2005) with fuzzy DEA following the steps as
follows:

i) determination of the decision units,
i) identification of input and output variables,

i) determination of the upper and lower limit
values for the variables, and

iv) Installation of the fuzzy DEA models;
determination of the lower and upper efficiency limit
values

i) Determination of the Decision Units

Production system consisting of inputs and
outputs that are worked on within the DEA is called as
decision unit. Decision units responsible for converting
inputs into outputs are considered to be the any
production unit. Decision units should be similar
enough to each other in terms of their production and
should convert the same inputs into the outcomes and
should take place in similar environments (Aydemir
2002; Bakirct 2000).

With the Legislation of Organization and Duties
of Provincial Organization of Forestry General
Directorate dated January 24, 2011 and numbered
27825, the duties of the forest sub-districts and criteria
in their establishment were identified. Accordingly,
forest sub-districts are not established at random but as
a result of the evaluation of the specific criteria.

When explaining the factors that influence the
size of the forest enterprises, Eraslan (1982) stated that
when it comes to minimal size of forest management
one should understand that there should be a forest
land from which the products can constantly be
obtained and where a planned business administration
can established; in other words a minimal land of
operation class forming the sub-planning unit of the
forest sub-districts. Hereunder, even though forestry in
Turkey has been organized in the form of "forest
regional  directorate-forest  enterprises-forest  sub-
districts" hierarchical structure, the basic business unit
is  "the forest  plamning wnit" and planning and
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implementation activities are conducted through those
operation classes which are the sub-units of the forest
sub-districts. In this respect, forest sub-districts
composed of forest operation classes has production
systems and stages and can also be used as a decision
unit in DEA.

Structural characteristics of the forest sub-
districts as well as harvest conditions of the forest
products may vary in themselves. Furthermore, forestry
activities are carried out under open-air conditions.
Therefore, the efficiency levels of the forest sub-
districts display changes even under similar conditions.
However, efficiency measurements are important in
terms of determining to what extent resource utilisation
level and undertaken liabilities at the forest sub-districts
are fulfilled, ability to compare with each other and
monitoring in which direction the level of meeting their
liabilities marches forward in time.

The forest sub-districts have various assighment,
authorization and obligations which can be explained
under the headings such as forest resources
management, production of forest products, silviculture,
forest protection, construction and maintenance of the
forest roads, forest cadastre and forensic activities.
Even if they do not have their own accounting and
marketing units, in the provinces the forest sub-districts
are the smallest units of General Directorate of
Forestry that conduct technical, financial and
administrative  affairs such as public relations,
protection, planning, implementation, production,
employment and storage regarding to forestry
operations in the framework of their assignment,
authorization and obligations.

Aydemir (2002) and Bakircr (2006) by referring
to Ahn (1987) also put forward two principles that are
important in the selection of decision units.
Accordingly,

1) Each of the decision units must be defined as a
unit that is responsible for the resources it uses and the
outputs it produces.

i) So as to efficiency frontiers predictions result
in a meaningful way, the number of decision units in
the bulk sample should be sufficient.

51 of the forest sub-districts which continue
their activities depending on 7 forest enterprises at
Izmir Forest Regional Directorate were chosen as
decision units in the scope of fuzzy DEA.
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ii) Identification of Input and Output Variables

In the second stage, for each of the decision
units, input and output variables which can be
expressed in the proportional or quantitative
measurement units (number, kilogram, liter, meter, TL
etc.) and which have positive values are determined
(Safak 2009). Input and output variables determined in
compliance with these conditions for the forest sub-

districts at Izmir Forest Regional Directorate are given
in Table 1.

Among the duties and responsibilities of the
forest sub-districts are activities devoted to combating
forest fires, forest protection and construction of forest
roads. However, expenses devoted to those activities
are effective at the level of forest enterprises and at the
level of fotrest sub-districts a detailed distribution
regarding to those expenditure items cannot be reached
at. For this reason, expenditures forest sub-districts
incurred for those variables were not used within the
scope of inputs.

In this article, fuzzy DEA approach based on
Charnes, Cooper and Rhodes (CCR) model proposed
by Wang et al. (2005) was used. CCR model concludes
the inputs to be the minimum and also outputs to be

the maximum. Values of the amount of the burned area
(Ys) variable which take place among the outcomes of

the forest sub-districts are required to be the smallest
with regards to the forest resources management.
Therefore, for this variable percentage conversion was
applied. First of all, minimum and maximum values of
the variable to be converted were identified through the
annual data aimed at forest sub-districts. Percentage
conversion was applied on all of the forest sub-districts’
data so that the values of the forest sub-districts which
had the smallest value were 100 and values of the forest
sub-districts which had the largest value were 0. In
addition, in DEA analysis the value aimed at variables is
prompted to have a value that is greater than zero.
Hence, the value of the variables which have a value of
zero was considered to be 10~ in this model.

iii) Determination of the Upper and Lower Limit
Values for the Variables

Within fuzzy DEA models, values of the
variables must primarily be converted into interval
values. This process varies depending on whether the
values of the variables are constant or not.

Table 1. Input and output variables determined for the forest sub-districts.

INPUTS OUTPUTS
x,  Total population in the forested land (Person) y;  Total amount of the forest roads (IKm)
x,  Number of the fire trucks (Quantity) 9,  Amount of industrial wood produced (m?)
x;  Total expenditures on silviculture practices (TL) 93 Amount of the standing sales (m?)
. The number of official crimereports written down
x,  General production expenses (TL) Dy (Quantity)
x5 Total number of employees (Person) 95 Amount of the burned area (Ha.)
x,  Annual allowable cut, AAC (m3) 95 Total amount of silviculture practices (Ha.)
x,  Forest land (Ha.) 9, Number of permissions granted in forested lands (Quantity)

Conversion of the Non-constant Data into Interval
Values

The variables such as total number of employees,
general production expenses and the amount of
industrial wood produced create non-constant data.
First of all, the values of variables in 2007-2009 are
defined as lower, central and upper limits thus fuzzy
data are obtained. Then, taking the Zimmermann's
(1991) "a cutting set approach” into consideration, the data
that have fuzzy values are converted into data that have
interval values. Upper and lower limit values according
to five a level for the variable of the number of
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permissions granted in forested lands belonging to
Bayindir forest sub-districts (Y, ) was, according to this

approach, calculated as follows:

2007, 2008 and 2009 wvalues of Y, wvariable

belonging to Bayindir forest sub-districts is respectively
5, 4, and 6, and fuzzy valued data are written as [4, 5, 6].

In this case at o =0.25 cutting level, lower (@, ) and

upper (@, ) limit values for Y, ate calculated as follows;

a =a+am—a)=4+0.255-4)=4.25
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a’ =b—ob—m)=6-0.25(6—5) =5.75

Here, (a) refers to the lower limit value; (b) the
upper limit value and (m) central value of the variable.
If the same calculations for the other o cutting levels

are also made, upper and lower limit values shown in
Table 2 are obtained.

Conversion of the Constant Data into Interval
Values

Total population in the forested land (X;), forest

land (X;) and AAC (Xg) variables continuously vary at

forest sub-districts. However, those change amounts
cannot be reflected on plans or programs at the same
rate.

Table 2. Limit values of Y, variable belonging to Bayindir

forest sub-districts according to o levels.

aValue Lower Limit Value Upper Limit Value
0.00 4.00 6.00
0.25 4.25 5.75
0.50 4.50 5.50
0.75 4.75 5.25
1.00 5.00 5.00

Table 3. Limit values of X, variable belonging to Baymndir

forest sub-districts according to o levels.

aValue Lower Limit Value  Upper Limit Value
0.00 9419.61 11617.39
0.25 9694.33 11342.67
0.50 9969.06 11067.95
0.75  10243.78 10793.22
1.00  10518.50 10518.50

Those variable values that appear to be constant
are converted into fuzzy data in the form of (Gunes,
20006);

a=m-S,
b=m+S§S,
Here, (s, ) shows the standard error and is

calculated by S =S /Jn. Upper and lower limit values

for forested lands belonging to Bayindir forest sub-
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districts ( X, ) variable according to five a levels are
calculated using this conversion as follows!.

First of all, with triangular membership function,
lower and upper limits of (X;) variable are defined.

Accordingly, for the forested land variable ( X;) of

Bayindir forest sub-districts, lower and upper limits are
calculated as;

a=m-S, =10518.50- 1098.89 = 9419.61
b=m+S, =10518.50+1098.89 =11617.39

Thus, the lower, central and upper limits (fuzzy
valued data) are defined as [9419.61, 10518.50,
11617.39]. Then, taking the Zimmermann's (1991) "a
cutting set approach into consideration, fuzzy values are
converted into data that have interval values.
Accordingly, at the o« = 0.25 level, lower and upper
limit values (data that have interval values) for the

forest land variable (X ), are calculated as;

a, =a+o(m—a)=9419.61+0.25(10518.50 —9419.61) = 94305.44
a, =b—o(b—-m)=11617.39-0.25(11617.39 —10518.50) = 108593.56

When similar calculations are made also for
other a levels, lower and upper limit values shown in

Table 3 are obtained.

iv) Installation of the model; Determination of the
Lower and Upper Efficiency Limit Values

Taking into account five o level, fuzzy DEA
models which give us upper and lower limit efficiency
of the forest sub-districts are developed.

Upper Limit Efficiency Value:

s

u o _ u
Max 6", —;uryrlO

m
L
ZV‘ Xjo = 1
=

guryz,—;le; <0, j=1,..n

M

u,v,ze, Vi

YStandard deviation for the forest land is S=7847.67, standard
error Bayimndir forest sub-districts is;

S,=S/+/n=7847.67/+/51=1098.89 -
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Lower Limit Efficiency Value:
Max @ =§u,yt0 .
[i"v,xjo =1
gu,.yf/:flrz:‘v‘x;j <0, j=l..n

u,v,2e, Vri

The legend used above:
6" ; Upper limit efficiency value of the forest sub-
jo

districts to be analyzed.

9!‘0 ; Lower limit efficiency value of the forest sub-
J

districts to be analyzed.
N ; The number of the
(j=1,2,...,n).

I ; The number of inputs (i =1, 2,...,m).

I'; The number of outputs (I =1, 2,..,S).

% ={y1j,y2j..., Yijoeeos ysj} , rh output value for j
forest sub-districts.

X; ={X1j, Xyjrer X ...,ij} , 1™ input value for jh

forest sub-districts.

forest sub-districts

Yij 5 Output vector of j forest sub-districts.

X;j ; Input vector of j* forest sub-districts.
V, ; Input weights.

U, ; Output weights.

L; Lower limit values of the forest sub-districts.
U; Upper limit values of the forest sub-districts.

With the model No.(1) presented above upper
limit efficiency values (49L:J ), and also with the model
]

No.(2) lower limit efficiency values (6’;:J ) of the forest

sub-districts are obtained. In this case [9'_‘0,9:] , the
J J

best possible relative efficiency range for forest the
forest sub-districts is created. In other words, for the
five o levels (0, 0.25, 0.50, 0.75, and 1) of the forest
sub-districts, lower and upper limit efficiency values
between 0.00 and 1.00 are calculated. Units whose
efficiency values are equal to 1.00 form the best set of
observation as well as efficiency limit and units whose
efficiency values are less than 1.00 on the other hand
form relatively inactive decision units.

For each a-level and according to lower and
upper limit values obtained by fuzzy DEA solutions,
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minimum values of the maximum efficiency losses of
the forest sub-districts were calculated by Minimax
Regret Approach (Wang et al. 2005).

Min{Max(r,)} = Min{Max[Max (@) -a 01} ~ ©)

Here, I shows the value of efficiency loss

calculated for the forest sub-districts, aﬁ’ within the set

of upper limit efficiency values the highest upper limit
efficiency values of the forest sub-districts to be

sequenced and aiL lower limit efficiency value of the

forest sub-districts whose efficiency loss to be
calculated.

RESULTS

Lower and upper efficiency values aimed at five
a level of 51 forest sub-districts under Izmir Forest
Regional Directorate are given in Table 4. Accordingly,
in terms of the upper limit efficiency values, at all a
levels, the forest sub-districts within Bergama and Izmir
forest enterprises emerged to be effective; however the
following are seen to be ineffective;

e Odemis, Tire, Torbali, Demirci, Goérdes,
Sahinkaya, Alasehir, Manisa, Turgutlu, Salihli and
Baslamus Forest Sub-Districts; at all a levels,

e Kirkagac Forest Sub-Districts; at a=0.25, 0.50,
0.75 and 1 levels,

e Zeytinliova and Akhisar Forest Sub-Districts;
at a=1 level,

e Golmarmara Forest Sub-Districts; at =0, 0.25,
0.50 and 0.75 levels,

® Ovactk and Gunesli Forest Sub-Districts; at
a=0 level

Also in terms of the lower limit efficiency
values;

e at g=0, 0.25, 0.50 and 0.75 levels, all of the
forest sub-districts, and

e also at a=1 level, 33 forest sub-districts
emerged to be ineffective.

By using the formula No (3) with lower and
upper limit efficiency values given in Table 4, minimum
values of maximum efficiency loss belonging to the
forest sub-districts were calculated for five a level and
interval efficiency was listed from the best to the worst
in Table 5. Accordingly, at ¢=0, 0.25, 0.50 and 0.75
levels, all of the forest sub-districts; at a=1 level on the
other hand 33 of the forest sub-districts had efficiency
loss.
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Forest Forest sub. 2=0.00 2=0.25 2=0.50 4=0.75 2=1.00
enterprises  districts o Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper
Bayindir 1 0.7993 1 0.8409 1 0.8835 1 0.9287 1 0.9908 1
Kiraz 2 0.6021 1 0.6065 1 0.6092 1 0.6872 1 0.9606 1
Ovacik 3 0.7648 0.8843  0.8961 1 0.9254 1 0.9506 1 0.9929 1
Odemis 4 0.5748  0.7664  0.5870 0.7440 0.6191  0.7587  0.6560 0.7651 0.7137  0.7669
Bayindir Selcuk 5 0.7319 1 0.7397 1 0.7550 1 0.8157 1 0.9281 1
Tire 6 0.5470  0.7682  0.5761 0.7782 0.6236  0.7938 0.6773 0.8225 0.7799  0.8666
Torbalt 7 0.5712  0.8595 0.6079 0.8754 0.6697 0.8862 0.7384 0.8702 0.8040 0.8480
Beydag 8 0.7624 1 0.7782 1 0.7903 1 0.8285 1 1 1
Golcik 9 0.7787 1 0.7787 1 0.7884 1 0.8601 1 0.9653 1
Bergama 10 0.7264 1 0.7407 1 0.7827 1 0.8478 1 1 1
Dikili 11 0.8602 1 0.8791 1 0.9025 1 0.9307 1 0.9761 1
Gogbeyli 12 0.9504 1 0.9590 1 0.9648 1 0.9679 1 1 1
Bergama Kinik 13 0.8664 1 0.9055 1 0.9193 1 0.9316 1 1 1
Kozak 14 0.7894 1 0.8124 1 0.8748 1 0.9374 1 1 1
Y.Sakran 15 0.8605 1 0.8796 1 0.9137 1 0.9526 1 1 1
Madra 16 0.7116 1 0.7927 1 0.7741 1 0.9526 1 0.9485 1
Basalan 17 0.7076 1 0.7530 1 0.8129 1 0.8835 1 0.9804 1
Borlu 18 0.7226 1 0.7759 1 0.8657 1 0.9176 1 1 1
Demirci Demirci 19 0.5598  0.7274  0.6842 0.8514 0.7429  0.8891 0.8072 0.9109 0.8780 0.9355
Kula 20 0.7030 1 0.7594 1 0.8379 1 0.9024 1 1 1
Selendi 21 0.7038 1 0.7670 1 0.8390 1 0.9156 1 1 1
Gordes 22 0.4387 0.6429 0.4914 0.6834 0.5488 0.7017  0.6289 0.7483 0.7872 0.8535
. Gokseki 23 0.7656 1 0.7976 1 0.8438 1 0.8951 1 0.9634 1
Gordes Giinesli 24 05446 09664 0.5820 1 06211 1 07435 1 09745 1
Sahinkaya 25 0.5795 0.8312 0.6186 0.8260 0.6947 0.8812 0.7796 0.9093 0.8758 0.9746
Gaziemir 26 0.7701 1 0.7746 1 0.7747 1 0.8135 1 0.8210 1
Izmir 27 0.8330 1 0.8487 1 0.8805 1 0.9260 1 1 1
Karabel 28 0.7801 1 0.7893 1 0.8379 1 0.8770 1 0.9157 1
Kemalpasa 29 0.8928 1 0.8956 1 0.9032 1 0.9337 1 1 1
Menemen 30 0.4771 1 0.5154 1 0.9032 1 0.8172 1 0.9497 1
Izmir Bornova 31 0.6866 1 0.7437 1 0.8051 1 0.8449 1 0.9622 1
Gumuldir 32 0.8007 1 0.8245 1 0.8051 1 0.8777 1 0.9519 1
Seferihisar 33 0.8204 1 0.8473 1 0.8799 1 0.9348 1 1 1
Utla 34 0.7616 1 0.7910 1 0.8238 1 0.8679 1 0.9748 1
Armutlu 35 0.7610 1 0.7664 1 0.7717 1 0.8056 1 0.9491 1
Karaburun 36 0.8245 1 0.8623 1 0.9124 1 0.9554 1 1 1
Alagehir 37 0.6418 0.7512  0.6469 0.7287 0.6553  0.7438 0.6865 0.7791 0.7511 0.8093
Manisa 38 0.3820  0.8697 0.4436 0.8841 0.5416  0.8798 0.6909 0.9308 0.8646 0.9375
Turgutlu 39 0.5114 0.8116 0.5737 0.8341 0.6285 0.8802 0.7124 0.9565 0.8507  0.9602
Manisa Sargdl 40 0.9183 1 0.9244 1 0.9267 1 0.9532 1 1 1
Yuntdag: 42 0.5584 1 0.6349 1 0.7339 1 0.8510 1 0.9734 1
Salihli 42 0.4185 0.5705 0.4720 0.6220 0.5339  0.6877 0.6160 0.7508 0.7050 0.7891
Saruhanlt 43 0.7700 1 0.8099 1 0.8570 1 0.9089 1 1 1
Akhisar 44 0.4997 1 0.5448 1 0.6190 1 0.7235 1 0.8173  0.9094
Golmarmara 45 0.5692  0.7641  0.6006 0.8113 0.6610 0.8742 0.7847 0.9596 0.9282 1
Goktepe 46 0.7122 1 0.7858 1 0.8422 1 0.9055 1 1 1
Akhisar Kirkagag 47 0.5655 1 0.5920 0.9790 0.6205 0.8486 0.6457 0.7964 0.6979 0.7510
Soma 48 0.6542 1 0.7090 1 0.7976 1 0.8959 1 1 1
Zeytinliova 49 0.8540 1 0.8634 1 0.8402 1 0.8838 1 0.9019  0.9896
Baslamus 50 0.7084  0.8194 0.7494 0.8516 0.7804 0.8835 0.8102 0.8839 0.8806 0.9073
Kavakalan 51 0.7574 1 0.8089 1 0.8681 1 0.9291 1 1 1
The number of ineffective 51 14 51 13 51 13 51 13 33 14

sub-districts
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Table 5. Minimum values of the efficiency loss (EL) of the forest sub-districts on the basis of alevels.

«=0.00 «=0.25 A=0.50 «=0.75 «=1.00

No dii;lrti)c_ts EL No  Sub-districts EL No  Sub-districts EL No  Sub-districts EL No  Sub-districts EL

1 Gogbeyli 0.0496 |1 Gogbeyli 0.0410 |1 Gocbeyli 0.0352 |1 Gocbeyli 0.0321 |1 Kavakalan 0

2 Sarigol 0.0817 |2  Sangol 0.0756 |2  Sargol 0.0733 |2  Karaburun 0.0446 |2  Soma 0

3  Kemalpasa 0.1072 |3  Kink 0.0945 |3  Ovactk 0.0746 |3  Sargol 0.0468 |3  Goktepe 0

4 Kinik 0.1336 |4  Ovacik 0.1039 |4 Kinik 0.0807 |4  Madra 0.0474 |4  Saruhanh 0

5  Y.Sakran 0.1395 |5 Kemalpasa  0.1044 |5  Y.Sakran 0.0863 |5  Y.Sakran 0.0474 |5  Sangol 0

6 Dikili 0.1398 [ 6 Y.Sakran 0.1204 |6  Karaburun  0.0876 |6  Ovactk 0.0494 |6  Karaburun 0

7  Z.ova 0.1460 |7  Dikili 0.1209 |7  Menemen 0.0968 |7  Kozak 0.0626 |7 Seferihisar 0

8  Izmir 0.1670 [8  Z.ova 0.1366 |8 Kemalpaga 0.0968 |8  Seferihisar 0.0652 |8 Kemalpaga 0

9 Karaburun 0.1755 |9  Karaburun  0.1377 |9  Dikili 0.0975 |9  Kemalpasa 0.0663 |9  Izmir 0
10 Seferihisar  0.1796 | 10  Izmir 0.1513 [ 10 Bayindir 0.1165 |10 Kimk 0.0684 |10  Selendi 0
11  Gumuldur 0.1993 | 11  Seferihisar 0.1527 |11 Izmir 0.1195 |11 Dikili 0.0693 |11 Kula 0
12 Bayindir 0.2007 |12 Baymndir 0.1591 | 12 Seferihisar 0.1201 |12 Kavakalan 0.0709 |12 Botlu 0
13 Kozak 0.2106 |13  Gumildir 0.1755 |13 Kozak 0.1252 [ 13  Bayindir 0.0713 |13  Y.Sakran 0
14 Karabel 0.2199 |14 Kozak 0.1876 | 14 Kavakalan 0.1319 |14 Izmir 0.0740 |14 Kozak 0
15  Golctik 0.2213 |15 Saruhanlt 0.1901 |15 Botlu 0.1343 |15 Botlu 0.0824 |15 Kink 0
16 Gaziemir 0.2299 |16 Kavakalan 0.1911 |16  Saruhanl 0.1430 | 16  Selendi 0.0844 |16 Gogbeyli 0
17 Saruhanlt 0.2300 |17  Gokseki 0.2024 |17  Gokseki 0.1562 [ 17  Saruhanl 0.0911 |17 Bergama 0
18  Gokseki 0.2344 |18 Madra 0.2073 | 18 Goktepe 0.1578 |18  Goktepe 0.0945 |18 Beydag 0
19  Ovactk 0.2352 [ 19 Usla 0.2090 |19 Z.ova 0.1598 |19 Kula 0.0976 |19  Ovacik 0.0071
20 Beydag 0.2376 | 20 Karabel 0.2107 |20  Selendi 0.1610 |20 Soma 0.1041 |20 Bayindir 0.0092
21 Utla 0.2384 |21 Goktepe 0.2142 |21 Kula 0.1621 |21 Gokseki 0.1049 |21 Bagalan 0.0196
22 Armutlu 0.2390 |22 Goleik 0.2213 |22 Karabel 0.1621 |22 Z.ova 0.1162 |22 Dikili 0.0239
23  Kavakalan  0.2426 | 23 Beydag 0.2218 |23 Utla 0.1762 |23 Basalan 0.1165 |23 Utla 0.0252
24 Selguk 0.2681 |24 Botlu 0.2241 |24 Basalan 0.1871 |24 Gumuldir 0.1223 |24 Gunegli 0.0255
25 Bergama 0.2736 |25 Gaziemir 0.2254 |25 Gumildir 0.1949 |25 Karabel 0.1230 |25 Yuntdag 0.0266
26 Botlu 0.2774 |26  Selendi 0.2330 |26 Botnova 0.1949 |26 Utla 0.1321 |26 Golciik 0.0347
27  Goktepe 0.2878 |27 Armutlu 0.2336 |27 Soma 0.2024 |27 Goleuk 0.1399 |27 Gokseki 0.0366
28 Madra 0.2884 |28 Kula 0.2406 |28 Beydag 0.2097 |28 Yuntdagt 0.1490 |28 Bornova 0.0378
29  Baglamis 0.2916 |29 Basalan 0.2470 |29 Golcik 0.2116 |29 Bergama 0.1522 |29 Kiraz 0.0394
30 Bagalan 0.2924 |30 Baglamis 0.2506 |30 Bergama 0.2173 |30 Bornova 0.1551 |30 Gumildir 0.0481
31  Selendi 0.2962 |31 Bornova 0.2563 |31 Baglamus 0.2196 | 31 Beydag 0.1715 |31 Menemen 0.0503
32 Kula 0.2970 |32 Bergama 0.2593 |32 Gaziemir 0.2253 |32 Menemen 0.1828 |32 Armutlu 0.0509
33 Bornova 0.3134 |33 Selcuk 0.2603 |33 Madra 0.2259 |33 Selcuk 0.1843 |33 Madra 0.0515
34  Soma 0.3458 |34 Soma 0.2910 |34 Armutlu 0.2283 |34 Gaziemir 0.1865 |34 Golmar. 0.0718
35 Alagehir 0.3582 |35 Demitci 0.3158 |35 Selguk 0.2450 |35 Baglamis 0.1898 |35 Selguk 0.0719
36 Kiraz 0.3979 |36  Alagehir 0.3531 |36 Demirci 0.2571 |36 Demirci 0.1928 |36 Karabel 0.0843
37 Sahinkaya  0.4205 |37 Yuntdag 0.3651 |37 Yuntdag 0.2661 |37 Armutlu 0.1944 |37 Z.ova 0.0981
38  Odemis 0.4252 | 38  Sahinkaya 0.3814 |38 Sahinkaya 0.3053 |38 Golmar. 0.2153 |38 Baglamis 0.1194
39  Torbali 0.4288 | 39  Torbal 0.3921 |39 Torball 0.3303 | 39  Sahinkaya 0.2204 |39 Demirci 0.1220
40  Golmar. 0.4308 |40 Kiraz 0.3935 |40 Golmar. 0.3390 |40 Ginesli 0.2565 |40 Sahinkaya 0.1242
41 Kirkagag 0.4345 |41 Golmar. 0.3994 |41  Alagehir 0.3447 |41 Totbali 0.2616 |41 Manisa 0.1354
42 Demirci 0.4402 |42 Kirkagag 0.4080 |42 Turgutlu 0.3715 |42  Akhisar 0.2765 |42 Turgutlu 0.1493
43 Yuntdag 0.4416 |43  Odemis 0.4130 |43 Tire 0.3764 |43 Turgutlu 0.2876 |43  Gaziemir 0.1790
44 Tire 0.4530 |44 Gunesli 0.4180 |44 Gunesli 0.3789 |44 Manisa 0.3091 |44  Akhisar 0.1827
45  Gunegli 0.4554 |45 Tite 0.4239 | 45 Kirkagag 0.3795 |45 Kiraz 0.3128 |45 Torbali 0.1960
46 Turgutlu 0.4886 |46 Turgutlu 0.4263 |46 Odemis 0.3809 |46  Alasehir 03135 |46 Gordes 0.2128
47  Akhisar 0.5003 | 47  Akhisar 0.4552 | 47  Akhisar 0.3810 |47 Tire 0.3227 |47 Tite 0.2201
48 Menemen  0.5229 |48 Menemen 0.4846 |48 Kiraz 0.3908 |48 Odemis 0.3440 |48  Alagehir 0.2489
49 Gordes 0.5613 |49 Gordes 0.5086 |49 Gordes 04512 |49 Kirkagag 0.3543 |49  Odemis 0.2863
50  Salihli 0.5815 | 50  Salihli 0.5280 |50 Manisa 0.4584 |50 Gordes 0.3711 |50  Salihli 0.2950
51 Manisa 0.6180 |51 Manisa 0.5564 |51 Salihli 0.4661 | 51  Salihli 0.3840 |51 Kirkagac 0.3021
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Table 6. Five of the forest sub-districts with the highest values in terms of maximum efficiency loss and lower limit efficiency

values.
«=0.00 | 0=0.25 | «=0.50 | 4=0.75 | «=1.00
According to the highest lower limit efficiency values”
Gocbeyli 0.9504 Gogbeyli 0.9590 Gogbeyli 0.9648 Gogbeyli 0.9679 Gogbeyli 1
Sarigdl 0.9183 Sarigol 0.9244 Sarigol 0.9267 Karaburun 0.9554 Sarigol 1
Kemalpasa 0.8928 Kinik 0.9055 Ovacik 0.9254 Sarigol 0.9532 Kinik 1
Kinik 0.8664 Ovactk 0.8961 Kintk 0.9193 Madra 0.9526 Y.Sakran 1
Y.Sakran 0.8605 Kemalpagsa 0.8956 Y.Sakran 0.9137 Y.Sakran 0.9526 Kemalpaga 1
According to the values that are the best of the maximum efficiency loss*
Gogbeyli 0.0496 Gogbeyli 0.0410 Gogbeyli 0.0352 Gogbeyli 0.0321 Gocbeyli 0
Sarigol 0.0817 Sarigol 0.0756 Sarigol 0.0733 Karaburun 0.0446 Sarigol 0
Kemalpasa 0.1072 Kinik 0.0945 Ovacik 0.0746 Sarigol 0.0468 Kinik 0
Kinik 0.1336 Ovactk 0.1039 Kintk 0.0807 Madra 0.0474 Y.Sakran 0
Y.Sakran 0.1395 Kemalpaga 0.1044 Y.Sakran 0.0863 Y.Sakran 0.0474 Kemalpaga 0

At a=1 level, lower limit efficiency value of 27 of the forest sub-districts are 1. Therefore, only the forest sub-districts with the highest upper

limit values at the other o levels are given in a=1 level column of the Table.

Table 7. Five of the forest sub-districts with lowest values in terms of maximum efficiency loss and lower and upper limit

efficiency values.

«=0.00 | 0=0.25 | 4=0.50 | 4=0.75 | «=1.00
According to the lowest lower limit efficiency values
Akhisar 0.4997 Akhisar 0.5448 Akhisar 0.6190 Tire 0.6773 Tire 0.7799
Menemen 0.4771 Menemen 0.5154 Kiraz 0.6092 Odemis 0.6560 Alasehir 0.7511
Gordes 0.4387 Gordes 0.4914 Gordes 0.5488 Kirkagag 0.6457 Odemis 0.7137
Salihli 0.4185 Salihli 0.4720 Manisa 0.5416 Gordes 0.6289 Salihli 0.7050
Manisa 0.3820 Manisa 0.4436 Salihli 0.5339 Salihli 0.6160 Kirkagag 0.6979
According to the lowest upperlimit efficiency values
Golmarmara 0.7641 Tire 0.7782 Tire 0.7938 Kirkagag 0.7964 Torbalt 0.8480
Alasehir 0.7512 Odemis 0.7440 Odemis 0.7587 Alagehir 0.7791 Alagehir 0.8093
Demirci 0.7274 Alagehir 0.7287 Alagehir 0.7438 Odemis 0.7651 Salihli 0.7891
Gordes 0.6429 Gordes 0.6834 Gordes 0.7017 Salihli 0.7508 Odemis 0.7669
Salihli 0.5705 Salihli 0.6220 Salihli 0.6877 Gordes 0.7483 Kirkagag 0.7510
According to the values whose maximum efficiency loss are the worst
Akhisar 0.5003 Akhisar 0.4552 Akhisar 0.3810 Tire 0.3227 Tire 0.2201
Menemen 0.5229 Menemen 0.4846 Kiraz 0.3908 Odemis 0.3440 Alagehir 0.2489
Gordes 0.5613 Gordes 0.5086 Gordes 0.4512 Kirkagag 0.3543 Odemis 0.2863
Salihli 0.5815 Salihli 0.5280 Manisa 0.4584 Gordes 0.3711 Salihli 0.2950
Manisa 0.6180 Manisa 0.5564 Salihli 0.4661 Salihli 0.3840 Kirkagag 0.3021

DISCUSSION AND CONCLUSION

Efficiency of the 51 pieces of the forest sub-
districts of Izmir Forest Regional Directorate for the
years 2007-2009 was evaluated by fuzzy DEA
technique developed by Wang et al. (2005) on the basis
of input oriented CCR model proposed by Charnes et
al. (1978). Then, by calculating maximum efficiency loss
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values for the lower and upper limit efficiency values
obtained from the fuzzy DEA results with Minimax
Regret Approach, the forest sub-districts were listed
from the best to the worst.

According to the results of the evaluation carried
out with fuzzy DEA, in Table 6 it can be seen that the
same sub-districts are usually effective on the basis of a
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levels and those sub-districts provide less efficiency loss.
Accordingly, the five of the forest sub-districts that has
the best efficiency are respectively Gégbeyli (Bergama),
Sarigdl  (Manisa), Kinitk (Bergama), YeniSakran
(Bergama) and Kemalpasa (Izmir).

Again, in Table 7 it can be seen that generally the
same sub-districts do not emerge to be effective on the
basis of a levels and those sub-districts have more
efficiency loss. Lower limit efficiency values overlap
with the maximum efficiency loss values in terms of the
five forest sub-districts with the lowest efficiency.
Accordingly, it can be stated that Tire (Bayindir),
Alasehir (Manisa), Odemis (Bayindir), Salihli (Manisa)
and Kirkagac (Akhisar) forest sub-districts are the units
with the lowest efficiency according to both maximum
efficiency loss values and the lowest lower limit
efficiency values. Similarly, results of Gordes (Gordes)
and Salihli (Manisa) forest sub-districts are consistent
with each other according to both maximum efficiency
loss values and the lowest upper limit efficiency values.
Accordingly also, Salihli (Manisa), Gordes (Gordes),
Akhisar (Akhisar), Manisa (Manisa), Odemis (Bayindir)
and Tire (Bayindir) forest sub-districts can be
concluded to be the units with the lowest efficiency.

When taking the earlier studies conducted by
DEA into consideration, Izmir Forest Regional
Directorate was not found to be effective on the
efficiency assessment (Alim 2004) carried out for the
year 2002 on the basis of 27 of the Forest Regional
Directorates in Turkey and its efficiency value was
calculated as 0,6325. Also through the efficiency rating
conducted on the basis of 26 of the forest enterprises
in Aegean Region (Safak 2009), while Akhisar, Bergama,
Demirci and Goérdes forest enterprises of Izmir Forest
Regional Directorate emerged to be efficient, Bayindir,
Izmir ve Manisa forest enterprises took place among
the forest sub-districts with the most ineffectiveness.

In this article on the other hand, efficiency
comparison was made at the level of the forest sub-
districts. Accordingly, Akhisar and Go6rdes forest sub-
districts of Akhisar and Gordes forest enterprises
which were effective at Safak’s (2009) study as well as
Salihli, Manisa, Odemis and Tire forest sub-districts of
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Manisa and Bayindir forest enterprises which had the
most ineffectiveness at Safak’s (2009) study took place
among the five of the forest sub-districts with the
lowest efficiency. Again, Kemalpasa and Sarigdl forest
sub-districts of Izmir and Manisa forest enterprises
which had the most ineffectiveness at Safak’s (2009)
study as well as Gogbeyli, Kinik and Yenisakran forest
sub-districts of Bergama forest enterprises which was
also effective at Safak’s (2009) study took place among
the top five forest sub-districts.

This case shows that the forest sub-districts
which have the best (or the worst) efficiency can be
found at the forest enterprises which have the worst (or
the best) efficiency. Therefore, any forest enterprises
being effective (or ineffective) does not necessarily
mean that all of the forest sub-districts connected to
the relevant forest enterprises are effective (ineffective).
Consequently, taking into account that each of the
forest sub-districts connected to the same forest
enterprises have distinctive conditions and that input
and output resources differ, efficiency ratings in
forestry should be performed individually for each
hierarchical structure.

As a result, it is possible to measure the technical
efficiency of the forest sub-districts which are public
institutions and exist within the structure of any forest
enterprises using measurable/observable data and to
evaluate them through fuzzy DEA technique. Thus, the
opportunity of comparing those units undertaking the
same activities or alike with each other, evaluating and
planning for subsequent periods can be given.

As in the other multiple criteria decision making
techniques, the determination of the variables to be
used is the most important stage of the efficiency rating
with fuzzy DEA technique. Because change of the
variables set may change the results to be obtained.
Although this situation is seen to be a negative feature,
it gives researchers and administrators a chance of
considering different alternatives.
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Yapilandirilmig Ozet?

Etkinlik, en iyi dretim teknikleri kullanilarak elde edilen maksimum ctktinin fiili ¢iktiya olan orani veya bir
karar biriminin (KB) veri girdi teknoloji sepetiyle miimkiin olabilen maksimum ctktiyr Gretme kapasitesi ve
istekliligi olarak ifade edilmektedir (Candemir ve Deliktas 2005). Etkinlik, minimum c¢aba veya masraf ile
maksimum sonuglar elde etme kapasitesi olarak da tanimlanmaktadir (Kék 1991).

Veri zarflama analizi (VZA), etkinligi 6lgmek amaciyla kullanilan yontemlerden biridir. VZA, Charnes et al.,
(1978) tarafindan, Farrell (1957)’in etkinlik Slcimi konusundaki makalesi temel alinarak, kamu kuruluslarinin
teknik etkinligini 6lemek ve karsilastirmak amaciyla gelistirilmistir (Ulucan 2000). Gunimiizde tretim, hizmet,
finans gibi pek cok alanda VZA’den yararlanilmaktadir.

VZA, yoénetimsel karar verme strecinde, karar birimlerinin géreceli etkinligini, cok sayidaki girdi ve ¢ikts
degisken yardimu ile agithikh ciktilar toplamint agirlikl girdiler toplamina oranlayarak degerlendiren etkili ve pratik
bir yontemdir (Wen ve Li 2009; Moghaddam ve Ghoseiri 2011). VZA ile etkin ve etkin olmayan karar birimleri
belitlenmekte, daha sonra etkin olmayan karar birimlerinin az/fazla kullandigi kaynak miktarlari, meveut girdi
diizeyinde tretmesi gereken ¢ikt1 diizeyi ve etkin referans setini olusturan birimler elde edilmektedir (Ulucan 2000).
VZA’da karar birimleri, sabit etkinlik degerlerine sahip olmayip, bunlarin etkinlik degeri, girdi ve c¢tkt1
degiskenlerin se¢imine baglidir (Haghighat ve ark. 2005).

1965 yilinda Lotfi A. Zadeh, niteliklerin ikili tyelik fonksiyonuyla ifade edildigi klasik kiimeler yerine,
dereceli tyelik fonksiyonuyla ifade edildigi bulanik kiimeler tanimini énererek, bulanik mantigin temelini atmugtur.
Zadeh’in gelistirdigi bulanik digtince sistemi, glinimiizde dogrusal programlama, hedef programlama, analitik
hiyerarsi streci, veri zarflama analizi gibi ¢ok Olgitlii karar verme teknigi kapsamindaki bulanik modellerin
gelistirilmesinde yaygin olarak kullanilmaktadir.

Standart VZA modellerinde, girdi ve ¢iktilar, bir oran Slcegindeki kesin sayilar araciligiyla Slctlmektedir.
(Haghighat et al. 2005). Karar birimlerinin etkinligini degerlendirmede, daha 6nemli ve gergekei bir rol oynamasi
nedeniyle, bulanik sayilart kapsayan bulanik VZA modelleri gelistirilmistir (Khoshfetrat and Daneshvar 2011).
Bulanik sayi, digbtukey, normallestirilmis, sinirli-strekli tyelik fonksiyonu olan ve gergel sayilarda tamimlanmis bir
bulanik kiime olarak ifade edilmektedir (Baykan ve Beyan 2004).

Sengupta (1992) bulanik kiime teorisinden yararlanarak, eksik ya da yetersiz girdi-ciktt verileri olan karar
birimlerinin degerlerini belirlemek ve VZA modellerinde gdstermek amaciyla, bulanik dogrusal programlama
modelini tasarlamis ve boylece, bulanik VZA ile ilgili ilk calismayt yaymlamustir (Giines 20006; Saati ve ark. 2002).

Son yillarda gergeklestirilen VZA c¢alismalari, bulanik degerli verilerin nasil kesin degerli veri haline
getirilecegi ve standart VZA yapisina nasil dahil edilecegi konusuna odaklanmustir. Bulantk VZA problemlerinin
¢6ziimi i¢in durulagtirma, o kesme kiimesi ve bulanik siralama gibi yaklagimlar gelistirilmistir (Triantis ve Girod
1998; Tsaur ve ark. 1999; Kao ve Liu 2000; Guo ve Tanaka 2001; Saati ve ark. 2001; Lertworasirikul 2001;
Despotis ve Smitlis 2002; Entani ve ark. 2002). Daha sonra, aralik ve/veya bulanik degerli girdi-cikt verileri
kullanilarak, her bir karar biriminin en kiciik ve en yitksek rolatif etkinligini 6lgmek icin aralikk VZA modeli
gelistirilmistir (Wang ve ark. 2005). Béylece; aralik etkinlik veya etkin araliklar referans gosterilerek, her bir karar
biriminin etkinlik degeri, en iyi alt sinir etkinligi ve en iyi st sinir etkinligi olarak karakterize edilmistir. Karar
birimlerinin aralik etkinliginin siralanmast ve karstlastirilmast icin ise Minimaks Pismanlik Yaklasimi kullanilmustir.

Ormancilikta VZA uygulamalart Rhodes (1986) tarafindan baslatlmistir (Balteiro ve ark. 2006). Bunu
izleyen ilk calismalar, ormancilik kuruluslarinin teknik etkinliginin VZA ile élcimii Gzerine yogunlasmistir (Joro ve
Viitala 1999; Balteiro ve ark. 2006; Kao ve Yang 1991; Kao 1998 ve 2000; Viitala ve Hanninen, 1998). Daha sonra,
Lebel ve Stuart (1998) tomruk dretimi iglerini gergeklestiren miiteahhitlerin, Zhang (2002) silvikiltirel
aktivitelerin, Strange (2003) biyolojik cesitlilik alanlarinin se¢imi amactyla 6nerilen rezerv alanlarinin etkinliginin
belirlenmesinde ve Hof ve ark. (2004)’de orman ve mera sahalarinin maksimum potansiyelinin tanimlanmasinda
VZA tekniginden yararlanmustir. Yine; Kao ve Liu (2007) ve Kao (2009) tarafindan gelistirilen bulamk VZA
modelleri, orman yo6netim birimlerinin etkinliginin degerlendirilmesinde kullanilmistir. Bu calismalar, orman

2 Expanded abstract in Turkish.
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isletme mudurltgu/sefligi/sinifi, hatta daha alt birimler/faaliyetler/calisanlar duzeyinde, VZA ile etkinlik
degerlendirilmesi yapilmasinin mimkiin oldugunu gostermistir.

Tiirkiye’de, Geray (1982), Caglar (1988), Caglar ve Oncer (1990), Dagsdemir (1996 ve 2002), Altunel (2003),
Sentiirk (2005) vb. tarafindan Orman Isletme Mudirlikleri’nin etkinligini, verimliligini, basarisii veya
performansini belirlemek amaciyla cesitli arastirmalar gerceklestirilmistir. Orman boélge midirliklerinin (Alim
2004) ve orman igletme miudirluklerinin (Korkmaz 2011a) etkinliklerini degerlendirmek amaciyla standart
VZA’dan ve Stokastik Uretim Sinir1 Yaklasimr’ndan (Basar ve ark. 2009); Malmquist Toplam Faktér Verimliligi
Indeksi’nden (Korkmaz, 2011b) yararlanilmistir. Safak (2009) da, orman isletme midrliklerinin etkinlik diizeyini,
hem standart ve hem de bulanik VZA ile karsilastirilmistur.

Gorildugh tzere, Turkiye’de etkinlik degerlendirmesi tizerine yapilan arastirmalarda, orman isletme
muidurlikleri hedef alinmis, orman isletme sefligi dizeyinde etkinlik degerlendirmeleri gerceklestirilmemistir.
Yukarida verilen c¢alismalar ise orman isletme mudurliginin alt birimleri esas almarak da etkinlik
degerlendirilmesi yapilabilecegini, bu birimlerin tek basina veya bagimsiz karar verememelerinin VZA ile yapilacak
etkinlik analizini engellemeyecegini gostermektedir.

Bu makalede, bulantk VZA ile Orman Genel Mudurligi’ntin tagra teskilatindaki en kii¢tik birimi olan
orman isletme sefliklerinin Gretim, silvikiltiir, orman yollarinin yapimi, koruma ve orman yanginlarryla miicadeleye
yonelik faaliyetlerinin etkinligi degerlendirilmistir.

Materyal ve Yontem

Aragtirma alani olarak, Ege Bolgesi'nde yer alan Izmir Orman Bolge Mudiirligi’ndeki orman isletme
seflikleri secilmistir. Bu orman isletme sefliklerinin 2007-2009 yillarindaki etkinligi, Wang ve ark. (2005) tarafindan
onerilen model kullanilarak ve asagidaki agsamalar izlenerek, bulanik VZA ile degerlendirilmistir:

i) karar birimlerinin belirlenmesi,

i) girdi ve ¢ikt1 degiskenlerin saptanmast,

iii) degiskenlerin alt ve tst sinir degerlerinin belirlenmesi,

iv) bulanik VZA modelinin kurulmast, alt ve tist sinir etkinlik degerlerinin saptanmast.

i) Karar Birimlerinin Belirlenmesi

VZA’da tizerinde ¢alisilan girdi ve ¢iktilardan olugan Gretim sistemi, karar birimi olarak isimlendirilmektedir.
Karar birimleri, girdileri ciktilara dénistirmekten sorumlu herhangi bir tiretim birimi olarak kabul edilir. Karar
birimleri, yaptiklart Giretim acisindan, birbirlerine yeterince benzer olmali, ayni girdileri ayni ¢iktilara déntstiirmeli
ve benzer ortamlarda yer almalidir (Aydemir 2002; Bakirct 2006).

24 Ocak 2011 tarih ve 27825 sayih Orman Genel Mudirligi Tasra Teskilatt Kurulus ve Gorev
Yoénetmeligi ile orman isletme gefliklerinin gorevleri ve kurulmasinda dikkate alinacak 6lgitler saptanmistir. Buna
gore, orman isletme seflikleri rastgele degil, belirli Slgiitlerin degerlendirilmesi sonucunda kurulmaktadir.

Eraslan (1982), orman isletmelerinin biyukligine etki yapan faktorleri agiklarken, minimal orman igletmesi
buyikliginden, sirekli olarak trinlerin alnabilecedi ve planl bir isletmeciligin kurulabilecegi bir orman alani,
baska bir ifadeyle orman isletme sefliginin alt planlama birimini olusturan minimal isletme sinifi alaninin
anlagilmast gerektigini ifade etmistir. Buna gore, Tirkiye’de ormancilik “orman bolge mudurligi-orman isletme
midirligi-orman isletme sefligi” hiyerarsik yapist biciminde Srgiitlense de, temel isletme bitimi “orman isletme
smgf?”d1r ve planlama-uygulama faaliyetleri, orman isletme sefliginin alt birimi olan bu isletme siniflarinda
yuratilir. Bu agidan da, orman isletme siniflarindan olugan bir orman isletme sefligi, Gretim sistemlerine ve
asamalarina sahip olup, VZA’da karar birimi olarak kullanilabilir.

Orman isletme sefliklerinin yapisal 6zellikleri ile orman triinlerinin hasat kosullari kendi icinde farklidik
gosterebilir. Ayrica; ormancilik faaliyetleri acik hava kosullarinda gergeklestirilic. Bu nedenle, orman isletme
sefliklerinin etkinlik dtzeyleri, benzer kosullarda bile degisiklik gosterir. Ancak; etkinlik 6l¢timleri, orman isletme
sefliklerindeki kaynak kullanim diizeyinin ve tstlenilen yikimliliklerin ne 6l¢tide yerine getirildiginin belirlenmesi,
birbiriyle karstlastirilabilmesi, yikimlialiklerin yerine getirilme dizeyinin zamanla hangi yonde bir gelisme
g6sterdiginin izlenebilmesi acisindan énemlidir.

Orman isletme sefliklerinin orman kaynaklarinin yénetimi, orman triinlerinin Gretimi, silvikilltiir, orman
koruma, orman vyollarinin yapim ve bakimi, orman kadastrosu ve hukuki faaliyetler basliklart altinda
aciklanabilecek cesitli, gorev, yetki ve sorumluluklart bulunmaktadir. Orman isletme seflikleri, kendine bagl
muhasebe ve pazarlama birimleri olmasa da, ormancilik faaliyetleri ile ilgili gérev, yetki ve sorumluluklari
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cercevesinde halkla iligkiler, koruma, planlama, uygulama, tretim, istthdam, depolama gibi teknik, idari ve mali
isleri yirtiten Orman Genel Midirlagi’'niin tasradaki en kiigtik birimleridir.

Ahn (1987)’ye atfen Aydemir (2002) ve Bakirct (2000)’da karar birimlerinin secilmesinde 6nem tastyan iki
prensip aciklanmistir. Buna goére,

i) Her bir karar birimi, kullandig1 kaynaklar ve trettigi ciktilardan sorumlu bir birim olarak tanimlanmis
olmalidir.

ii) Etkinlik sinir tahminlerinin anlamli ¢ikabilmesi icin 6rnek kitlede yer alan karar birimi sayist yeterli
olmalidur.

Bu iki prensibe gore, Izmir Orman Bolge Midirligi’nde, yedi orman isletme midirligiine baglt olarak
faaliyetlerini stirdiiren 51 orman isletme sefligi, bulanik VZA kapsaminda karar birimi olarak secilmistir.

ii) Girdi ve Cikt1 Degiskenlerin Saptanmasi

Ikinci asamada, her bir karar birimi icin oransal ya da nicel (say1, kilogram, litre, metre, TL vb.) 6lcit
birimleri ile ifade edilebilen ve pozitif degerlere sahip girdi ve cikti degiskenler belitlenir (Safak 2009). Tzmir
Orman Bolge Midurligii'nde yer alan orman isletme seflikleri icin bu kosullara uygun olarak belirlenen girdi ve
ciktr degiskenler Cizelge 1°de verilmistir.

Cizelge 1. Orman isletme seflikleri i¢in belitlenen girdi ve ciktt degiskenleri.

GIRDILER CIKTILAR

x;  Ormanlik Alandaki Toplam Nifus (Kisi) ¥, Toplam Orman Yolu Miktar1 (Km)

x,  Arazdz Sayist (Adet) 9, Uretilen Endiistriyel Odun Miktart (m?)

x;  Toplam Silvikiltir Calismast Gideri (TL) y;  Dikili Satis Miktart (m3)

x, Genel Uretim Giderleri (TL) 9, Tutulan Zabit Sayis1 (Adet)

x5 Toplam Personel Sayist (Kisi) 95 Yanan Alan Miktar1 (Ha.)

x5 Toplam Eta (m?) ¥;  Toplam Silvikiltir Calismast Miktart (Ha.)

x,  Otrman Alani (Ha.) 9,  Ormanlik Alanlardan Verilen Izin Sayist (Adet)

Orman isletme sefliklerinin gérev ve sorumluluklari arasinda orman yanginlari ile mutcadele, orman koruma
ve orman yollart yapimina yonelik faaliyetler bulunmaktadir. Ancak, bu faaliyetlere yonelik gidetler, orman isletme
mudirligh dizeyinde yer almakta ve orman isletme sefligi diizeyinde bu gider kalemlerine yonelik ayrintids
dagilima ulasilamamaktadir. Bu nedenle, orman igletme sefliklerinin bu degiskenler i¢in yapmis oldugu giderler
girdi kapsaminda kullanllamamustir.

Bu makalede, Wang et al.(2005)’da 6nerilen CCR modelini temel alan bulanik VZA yaklagimi kullamlmistur.
CCR modeli, girdileri minimum, ¢tktilar1 ise maksimum olacak gsekilde sonuglandirir. Ancak; orman isletme
sefliklerinin ciktilart arasinda yer alan Yanan Alan Miktart (ys) degiskeninin degerinin orman kaynaklart yonetimi
acisindan en kicik olmasi istenmektedir. Bu nedenle, bu iki degisken icin yizde doénisim uygulanmugtir.
Oncelikle, déniisiim uygulanacak degiskenin orman isletme sefliklerine yonelik yillik verileri i¢inden en kiigiik ve
en buyik degerler saptanmuistir. Daha sonra, en kictk degere sahip olan orman isletme sefliginin degerleri 100, en
buyik degere sahip olan orman isletme sefliginin degeri ise 0 olacak sekilde, biitiin orman isletme sefliklerinin
verilerine ytizde déntsiim uygulanmistir. Ayrica, VZA analizinde degiskenlere yonelik verilerin sifirdan buyiik bir
degerinin olmast istenir. Bunun icin sifir degerine sahip olan degiskenlerin degeri, modelde 10- olarak dikkate
alinmistir.

iii) Degiskenlerin Alt ve Ust Sinir Degerlerinin Belirlenmesi

Bulantk VZA modellerinde, 6ncelikle degisken degerlerinin aralik degerlere déniistiriilmesi gerekmektedir.
Bu islem, degisken degerlerinin sabit veya sabit olmamasina gére degismektedit.

Sabit Olmayan Verilerin Aralik Degerlere Doniigtiiriilmesi

Toplam personel sayisi, genel tretim giderleri, tretilen endistriyel odun miktar1 gibi degiskenler sabit
olmayan verileri olusturur. Oncelikle, degiskenlerin 2007-2009 yilt degerleri, iicgen iiyelik fonksiyonu ile alt,
merkezi ve Ust smurlar olarak tanimlanir ve béylece bulanik veriler elde edilir. Daha sonra, Zimmermann
(1991 mun “a kesme kiimeleri yaklasin?’ dikkate alinarak bulanik degerli veriler, aralik degerli verilere dontstirilir.
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Bayindir Orman Tsletme Sefligi’ne ait ormanlik alanlardan verilen izin sayist degiskeni ( Y-) icin bes « diizeyine

gore alt ve Ust sinir degetleri, bu yaklasima gbre asagidaki gibi hesaplanmistir.

Bayindir Orman Tsletme Sefligine ait Y degiskeninin 2007, 2008 ve 2009 yili degeri, sirastyla 5, 4 ve 6

olup, bulanik degerli veriler [4, 5; 6] olarak yazilir. Bu durumda, « =0,25 kesme duzeyinde, Y, degiskeni icin alt

(a;) ve ust (a;) sinir degerleri,
a, =a+om—a)=4+0255-4)=4,25
a’ =b—a(b—m)=6-025(6-5)=575

olarak hesaplanir. Burada, (2) degiskenin alt sinir degerini, (4) degiskenin tst alt siur degerini, ()
degiskenin merkezi degerini ifade etmektedir. Diger o kesim duzeyleri i¢in de ayni hesaplamalar yapilirsa, Cizelge
2’deki alt ve st sinir degerleri elde edilir.

Cizelge 2. Bayindir Orman Isletme Sefligi’ne ait Y, degiskeninin o diizeylerine gére sinir degetleri.

a Degeri Alt Sinir degeri Ust Sintr degeri
0,00 4,00 6,00
0,25 4,25 5,75
0,50 4,50 5,50
0,75 4,75 5,25
1,00 5,00 5,00

ii) Sabit Verilerin Aralik Degerlere Déntuistiiriilmesi

Orman isletme sefliklerinde ormanlik alandaki toplam niifus, orman alani, toplam eta degiskenleri stirekli
degisim gosterir. Ancak; bu degisim miktarlari, plan veya programlara ayni hizda yansitilamaz. Sabit gozitken bu

degisken degerleri,
a=m-S,
b=m+S,

bigiminde bulanik verilere déntstiirtiliir (Giines, 2006). Burada; (S, ) standart hatayr ifade etmekte olup,
S,=S/+/n ile hesaplanir. Bayindir Orman Isletme Sefligi’ne ait orman alant (x,) degiskeni icin bes a diizeylerine
gore alt ve Ust sinir degerleri, bu dénigtirme kullanilarak asagidaki gibi hesaplanmigtir?.

Oncelikle, tiggen iyelik fonksiyonu ile (x,) degiskeninin alt ve st sinurlart tanimlantr. Buna gore, Bayindir

Orman Tsletme Sefligi’nin orman alan (X,) degiskeni igin alt ve Ust sinurlar
a=m-S, =10518,50- 1098,89 = 9419,61
b=m+S, =10518,50+1098,89 =11617,39

olarak hesaplanir. Béylece; alt, merkezi ve ust sinirlar (bulantk degerli veriler) [9419,61; 10518,50; 11617,39]
olarak tanimlanir. Daha sonra, Zimmermann (1991)nun “a kesme kiimeleri yaklasims” dikkate alinarak, bulanik
degerler, aralik degerli veriye dontstiiriliir. Buna gore; a=0,25 diizeyinde, orman alant ( X;) degiskeni igin alt ve
tst sinir degerleri (aralik degerli veriler),

a_ =a+a(m—a)=9419,61+0,25(10518,50 —9419,61) = 94305,44

a’ =b—a(b—m)=11617,39—0,25(11617,39 —10518,50) = 10859356 olarak hesaplanir. Diger a diizeyleti iin
de benzer hesaplamalar yapilirsa, Cizelge 3’deki alt ve tst sinir degerleri elde edilir.

*Orman alani degiskeni icin standart sapma S=7847,67 olup, Baymdir Orman Isletme Sefligi icin standart hata
S,=S/+/n =7847,67/~/51=109889 "dir.
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izelge 3. Bayindir Orman Isletme Sefligi’ne ait X, degiskeninin o diizeylerine gétre sinur degetleri.
2 y & 7 deg Y g &

a Degeri Alt Sinir degeri Ust Sinir degeri
0,00 9419,61 11617,39
0,25 9694,33 11342,67
0,50 9969,06 11067,95
0,75 10243,78 10793,22
1,00 10518,50 10518,50

iv) Modelin Kurulmast, Alt ve Ust Sinir Etkinlik Degerlerinin Saptanmas1

Orman isletme sefliklerinin 2007-2009 yillarindaki etkinliklerinin analizinde, Wang ve ark. (2005) tarafindan
onerilen CCR modelini temel alan bulanik VZA yaklagimi kullandmustir. Bu baglamda; bes a diizeyi dikkate
alinarak, orman isletme sefliklerinin alt ve st sinir etkinligini veren bulanik VZA modelleri gelistirilmistir.

Ust Sinir Etkinlik Degeri: Alt Sinir Etkinlik Degeri:
S S
Maks 6% = u.y" @ Maks 6" =>"uy" @
r=1 r=1
m L m v
;ery-o =1 ;vl.xw =1
R . s e o, .
gu,yrj ;"ny <0, j=1,...n ;uryrj—;vixy <0, j=1..n
u,v,2g, Vri. u,v. =g, Vri

Burada,

6’90 , Analiz edilecek orman igletme gefliginin tst sinir etkinlik degerini,
]

o" , Analiz edilecek orman isletme sefliginin alt sinir etkinlik degerini,
o $ sethig g
]
N, Orman isletme sefligi say1sin,
I, Girdi sayisini (i =1,2,...,m),
I, Cikti sayssint (r =1,2,..,s),
Y ={Y1,-, Yoo Yejoeees ysj}, j’inci orman isletme sefligi icin r’inci ¢ikt1 degerini,
X; :{x”, Xojrenos Xijovon ij}, j’inci orman isletme sefligi i¢in i’inci girdi degerini,
yrj , j’inci orman isletme sefliginin ¢ikt1 vektoriind,
Xij " inci orman isletme sefliginin girdi vektériing,
V;, Girdi agirliklarins,
U, , Cikt1 agirliklarint

L, Orman isletme sefliginin alt sinir degerlerini,
U, Orman isletme sefliginin st sinir degerlerini
g0sterir.

Yukarida sunulan (1) nolu model ile orman isletme sefliklerinin st sinir etkinlik degerlerine (g¥ ), (2) nolu
model ile de alt sinir etkinlik degerlerine(g* ) ulagilmaktadir. Bu durumda [g- ¢ ], orman igletme seflikleri icin

olast en iyi goreli etkinlik araligi olusturulmaktadir. Diger bir ifadeyle, orman isletme sefliklerinin bes o diizeyi
(0,00, 0,25, 0,50, 0,75 ve 1,00) icin 0,00 ile 1,00 arasinda alt ve Gst sinir etkinlik degerleri hesaplanmaktadur.
Etkinlik degeri 1,00’e esit olan birimler, en iyi gézlem kimesini, ayn1 zamanda da etkinlik siniring, etkinlik degeri
1,00°den kigiik olan birimler ise goéreli olarak etkin olmayan karar birimlerini olusturmaktadir.
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Her bir o diizeyi i¢in bulantk VZA ¢éztmleri ile elde edilen alt ve tst sinur degerlerine gore, orman isletme
sefliklerinin maksimum etkinlik kayiplarinin minimum degerleri Minimaks Pismanlik Yaklagimi ile hesaplanmistir
(Wang et al., 2005).

Min{Maks(;)}=Min{M aks[l\/ljglks(aﬁ’ )—a- oI} ©)

Burada, I; orman isletme sefligi icin hesaplanan etkinlik kayb: degerini, aLjJ siralanacak orman isletme

sefliklerinin st sinir etkinlik degerleri kiimesi icindeki en yuksek st sinur etkinlik degerini, aiL etkinlik kayb1

hesaplanacak olan orman isletme sefliginin alt sinir etkinlik degerini gostermektedir. Buna gére, orman isletme
sefliklerinin aralik etkinligi, her bir o dtzeyi icin en iyiden en kétiye dogru siralanmaktadir.

Bulgular

Izmir Orman Bolge Midirligi kapsamindaki 51 orman isletme sefliginin bes a diizeyine yonelik alt ve iist
stnir etkinlik degerleri Cizelge 4’de verilmistir. Buna gore; ist sinir etkinlik degerleri bakimindan, tim o
diizeylerinde Bergama, Demirci ve Izmir Orman Isletme Miudirligi binyesindeki orman isletme seflikleri etkin
¢tkmis, ancak

. Odemi§,. Tire, Torbali, Demirci, Gérdes, Sahinkaya, Alagehir, Manisa, Turgutlu, Salihli ve Baslami1s
Orman Isletme Seflikleri tim a diizeylerinde,

e Kirkaga¢ Orman Isletme Seflikleri @=0,25, 0,50, 0,75 ve 1,00 diizeyinde,

e Zeytinliova ve Akhisar Orman Isletme Seflikleri a=1,00 diizeyinde,

e  Golmarmara Orman Isletme Seflikleri ¢=0,00, 0,25 ve 0,50 duzeyinde,

e Ovacik ve Giinesli Orman Isletme Sefligi @=0,00 diizeyinde

etkin ¢ctkmamistir. Alt sinur etkinlik degerleri bakimindan ise,

e 4=0,00, 0,25, 0,50 ve 0,75 duzeyinde orman isletme seflikletinin tamami,
e 4=1,00 diizeyinde ise 33 orman isletme sefligi etkin ¢tkmamustir.

Cizelge 4'de verilen alt ve ust sinir etkinlik degerleri ile (3) nolu formil kullanilarak, orman isletme
sefliklerine ait maksimum etkinlik kayiplarinin minimum degetleri, bes o diizeyi i¢in hesaplanmis ve aralik etkinligi
en iyiden en kétiye dogru Cizelge 5°de siralanmustir. Buna gére; ¢=0,00, 0,25, 0,50 ve 0,75 diizeyinde orman
isletme sefliklerinin tamaminda, a=1,00 diizeyinde ise 24 orman isletme sefliginde etkinlik kayb: olusmustur.

Tartigma ve Sonug

Izmir Orman Boélge Midirligi’nde yer alan 51 adet orman isletme sefliginin 2007-2009 yillarina ait etkinligi,
Charnes et al. (1978) tarafindan 6nerilen girdiye yonelik CCR modeli temelinde, Wang et al. (2005) tarafindan
gelistirilen bulanik VZA teknigi ile degerlendirilmistir. Daha sonra, bulantk VZA sonuglarina gére elde edilen alt
ve Ust sinir etkinlik degerleri icin Minimax Pismanlik Yaklasimi ile maksimum etkinlik kaybi degerleri hesaplanarak,
orman isletme seflikleri en iyiden en kétiiye dogru siralanmustir.

Bulanik VZA ile yapilan degerlendirme sonuglarina gore, a diizeyleri bazinda, genellikle aynt sefliklerin etkin
oldugu ve bu sefliklerin daha az etkinlik kayb: sagladigi Cizelge 6’dan gorilmektedir. Buna gore, en iyi etkinlige
sahip bes orman igletme sefligi, sirastyla Gocbeyli (Bergama), Sarigél (Manisa), Kinik (Bergama), YeniSakran
(Bergama) ve Kemalpasa (Izmir)’dir.

Yine, a dizeyleti bazinda, genellikle ayni isletme sefliklerinin etkin ¢ikmadigt ve bunlarin daha fazla etkinlik
kaybina sahip oldugu Cizelge 7’den goriilmektedir. En disiik etkinlige sahip bes orman isletme sefligi acisindan alt
sinir etkinlik degerleri ile maksimum etkinlik kaybt degerleri Srtiigmektedir. Buna gére, hem maksimum etkinlik
kaybt degerlerine ve hem de en disiik alt sinir etkinlik degetlerine gére Tire (Bayindir), Alasehir (Manisa), Odemis
(Bayindir), Salihli (Manisa) ve Kirkagac (Akhisar) Orman Isletme Sefligi’nin en disiik etkinlige sahip birimler
oldugu ifade edilebilir. Aynt sekilde, hem maksimum etkinlik kaybi degerlerine ve hem de en distk st sinir
etkinlik degerlerine gore Salihli (Manisa) ve Goérdes (Gérdes), Orman Tsletme Sefligine yonelik sonuglar
értiismektedir. Buna gore de, Salihli (Manisa), Gordes (Gérdes), Akhisar (Akhisar), Manisa (Manisa), Odemis
(Bayindir) ve Tire (Bayindir) Orman Isletme Sefliginin en disiik etkinlige sahip birimler oldugu sonucuna
varilabilir.
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Daha 6nce VZA ile yapilan ¢alismalar dikkate alindiginda, Turkiye’deki 27 Orman Bolge Mudirlagi bazinda
2002 yilt igin yapilan etkinlik degerlendirmesinde (Alim, 2004), Izmir OBM etkin bulunmamus ve etkinlik degeri
0,0325 hesaplanmistir. Ege Bolgesi'ndeki 26 orman isletme midurligh bazinda yapilan etkinlik
degerlendirmesinde (Safak, 2009) ise Tzmir OBM’ne bagli Akhisar, Bergama, Demirci ve Gordes Orman Isletme
Midiirliigii etkin bulunurken, Bayindir, Izmir ve Manisa Orman Isletme Midirligi en fazla etkinsizlige sahip
orman isletme mudurlikleri arasinda yer almistir.

Bu makalede ise etkinlik karsilastirmas: orman isletme sefligi dizeyinde yapilmistir. Buna gore; Safak (2009)’da
etkin olan Akhisar ve Gordes Orman Tsletme Midirligi'ne bagli Akhisar ve Gordes Orman Tsletme Sefligi ile
Safak (2009)’da en fazla etkinsizlige sahip Manisa ve Bayindir Orman Tsletme Midirligi’ne bagh Salihli (Manisa),
Manisa (Manisa), Odemis (Bayindir) ve Tire (Bayindir) Orman Isletme Sefligi, en diisiik etkinlige sahip bes orman
isletme sefligi arasinda yer almstir. Yine; Safak (2009)’da en fazla etkinsizlige sahip Izmir ve Manisa Orman
Isletme Midiirliigi'ne bagh Kemalpasa ve Sarigél Orman Isletme Sefligi, Safak (2009)’da etkin olan Bergama
Orman Tsletme Midirligi'ne baglt Gogbeyli, Kintk ve Yenisakran Orman Isletme Sefligi en iyi bes orman isletme
seflikleri arasinda yer almustir.

Bu durum, en kétl (veya en iyi) etkinlige sahip orman isletme mudirliklerinde, en iyi (veya en kotd) etkinlige
sahip orman isletme seflikleri bulunabilecegini gostermektedir. Dolayistyla; herhangi bir orman isletme
midirliginin etkin olmas: (veya etkin olmamast), bu orman isletme midirligine baglt olan orman isletme
sefliklerinin tamaminin etkin oldugunu (veya etkin olmadigini) gostermemektedir. Bu nedenle, ayni isletme
midirligt icinde bulunan orman isletme sefliklerinin her birinin kendine 6zgt sartlarinin bulundugu, girdi ve ¢iktt
kaynaklarinin farklilastigt g6z 6ntine alinarak, ormanciliktaki etkinlik degerlendirmeleri, her hiyerarsik yapi icin ayr
ayrt yaptlmalidir.

Sonug olarak; bir kamu kurulusu olan herhangi bir orman bélge mudirligl biinyesinde yer alan orman isletme
sefliklerinin teknik etkinliklerini, olctlebilen/gozlenebilen veriler kullanarak olemek ve bulanik VZA teknigi ile
degerlendirmek mimkiindir. Boylece, aynt ya da benzer faaliyetleri yiirtiten bu birimleri, objektif Slctitlere gbre
birbiriyle karsilastirma, daha sonraki dénemler icin degerlendirme ve planlama olanagt sunulabilir.

Diger cok olgiitli karar verme tekniklerinde oldugu gibi kullanilacak degiskenlerin belirlenmesi, bulantk
VZA teknigi ile etkinlik degerlendirmesinin en 6nemli asamasidir. Ciinkd degisken setinin degismesi, elde edilecek
sonuglari degistirebilmektedir. Bu durum, bir negadf ézellik olarak gériilmekle bitlikte, arastirmactlara/yoneticilere
farkls alternatifleri degerlendirme firsati da sunmaktadir.
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