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Abstract. The aim of our work was to give an overview on efficiency evaluation in forest management as described in the 
literature. Here we present definitions for efficiency and productivity of economic entities as well as categories of efficiency 
evaluation methods and discuss ratio analysis, parametric and non-parametric approaches to measure efficiency in forestry. With 
regards to ratio analysis, we focused on reports employing this approach in Poland due to the abundant literature on this subject. 
On the other hand, studies based on parametric and non-parametric approaches for efficiency evaluation in the forest sector have 
only been used occasionally in Poland and thus this part of our analysis is based on research done abroad. The most important 
parametric method is the Stochastic Frontier Approach (SFA), while the most important non-parametric approach involves Data 
Envelopment Analysis (DEA), which was developed at the end of the 1970s and utilizes a mathematical programming algorithm.

Our review shows that efficiency evaluation in forest management in Poland so far is mostly based on ratio analysis. Howe-
ver, although those methods are of considerable practical importance, in terms of scientific development they are now being 
replaced by more mathematically and statistically advanced parametric and non-parametric methods, which also open up 
more opportunities to analyze the efficiency of forest management. The first research employing non-parametric DEA recently 
published in Poland is a good step towards improving research quality and provides comprehensive results for the efficiency 
evaluation of forest management.
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1. Introduction

The term management refers to an action aimed at ful-
filling unlimited human needs by means of limited resour-
ces in a way assuring the best possible satisfaction (Szoege 
2005). In the case of a forest holding, management amounts 
to carrying on specific activities to enable the fulfilment of 
all forest functions (productive and non-productive).

The transformation of the command-and-distribution 
(central) economy into the demand-supply (market) system, 
initiated in the early 1990s in Poland, was the major challen-
ge for forestry. In order to successfully operate under econo-
mic competition, the State Forests National Forest Holding 
(PGLLP) – the largest and leading forest management entity 
in Poland – was forced to undertake a number of measures 
to improve own economic conditions. Amongst others, the 
focus was on the decentralisation of management, optimisa-

tion of the size of forest districts’ area, sale of unnecessary 
infrastructure and reduction of labour costs through employ-
ment reduction as well as a necessity to contract private sec-
tor services (Kocel 2013). At the same time, the State Forests 
were obligated to conduct forest management in a sustaina-
ble way, equally taking into account environmental, social 
and economic aspects. Article 50 of the Forest Act (1991) 
obliges PGLLP to operate in accordance with the principle 
of self-financing and cover the costs of activities undertaken 
from its own revenues. Therefore, the production function 
(economic) has become the basis of Poland’s contemporary 
forest management, and material goods produced and sold 
cover the costs of maintaining forest non-productive func-
tions (Klocek 2003).

The efficiency of forest management is a result of the 
processes taking place in the forest holding determined by 
inputs (production factors) and effects (forest production). 
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The role of the forest holding is to search for ways to obtain 
the most favourable (optimal) ratio between the expenditures 
incurred and the achieved results (Klocek, Płotkowski 2009). 
It usually boils down to strive to maximise the effects at certa-
in expenses (the principle of the highest efficiency) or to mini-
mise the expenditures in order to achieve the expected results 
(the principle of saving). The main tool used to consider and 
assess these aspects is the economic analysis, which, adjusted 
to the specificity of forest management and taking into acco-
unt a broad spectrum of indicators, should be the foundation 
of rational financial management in forestry.

The aim of the present article is to review Polish and fore-
ign subject literature with respect to the assessment of forest 
management efficiency. Relevant research has been carried 
out for several decades. The search for new assessment me-
thods for economic units’ activities and all-inclusive analysis 
of management efficiency may contribute to more efficient 
management of forestry enterprises. This article presents the 
definitions of the efficiency and productivity of forestry en-
tities as well as the methods used in efficiency assessments, 
such as ratio analysis, as well as parametric and non-parame-
tric methods presented in scientific literature on the subject. 
Owing to rich literature on the ratio analysis methods used in 
efficiency assessments of forest management, we focused on 
the results of studies carried out in Poland. As studies using 
parametric and non-parametric methods with reference to fo-
restry have been rather conducted by foreign authors, the per-
tinent part of our article presents their research results. Owing 
to the broad scope of the issue of assessing the efficiency of 
forest management, as well as volume restrictions of this artic-
le, the topics presented in our review are generally addressed, 
and the results of our analysis should be treated as comple-
mentary. Nonetheless, the results presented point to both thus 
far comprehension of the efficiency of a range of aspects of 
Poland’s forest management as well as current trends in rese-
arch and methods used in Europe and in the world.

2. The concept of efficiency

Efficiency is one of the most important aspects with regards 
to the assessment of economic entities. It is a multi-faceted 
term with numerous synonymous expressions. The term ‘effi-
ciency’ is derived from the Latin language (effectivus), which 
means ‘taking effects or producing results’ (Bańko 2010). In 
everyday language, efficiency is equated with performance, 
efficiency, productivity or capability (Bańko 2005).

The definitions for efficiency quoted in subject literature 
are more or less precise. Each of them presents a separate 
concept in terms of understanding as well as expression and 
measurement mode (Bielski 2004). In economic practice, the 
most common definition refers to economic efficiency (ma-

nagement efficiency). It reflects the result of economic acti-
vity determined by the ratio of useful output to input of the 
production factor/factors (Bellinger 2007). Samuelson and 
Nordhaus (2017) defined efficiency as the most effective utili-
sation of public resources in the process of satisfying people’s 
shortcomings and needs with no wastage. An efficient eco-
nomy goes on when a given production cannot be increased 
without reducing other production (production–possibility 
frontier). In the praxeological approach, efficiency is defined 
as ‘a positive feature attributed to activities that give a positi-
vely evaluated result, regardless of whether the result was or 
was not intended’ (Pszczołowski 1978). According to Spruch 
(1984), the term management efficiency expresses ‘the quan-
tified (by means of economic indicators) result, achieved in so 
far activity or anticipated ability to meet specific social needs 
in an economically efficient manner’, whereby the scope of 
social needs met by the enterprise should be consistent with 
the objectives of its establishment and expressed in such qu-
antity or value of products and services that can be achieved 
by means of the strengths and resources possessed, in a way 
that ensures their rational issuance. Sulmicki (1978) conside-
red a company to be fully efficient if it makes full use of its 
resources to manufacture products determined by the market 
demand, without unnecessary stockpiling.

The concept of efficiency is often equated and used in-
terchangeably with the concept of productivity. Both terms, 
although closely related to each other, are not identical (Ray 
2004). Productivity expresses the ratio of production volu-
me produced and sold in the analysed period to the amount 
of used or consumed output resources, that is, the relation 
of output to input. Such approach is easily applied in theory 
and practice when one type of effort contributes to one ef-
fect. The situation becomes more complicated in economic 
entities in which the activity consists in producing many 
products (outcomes) at the expense of many inputs, as in the 
case of the PGLLP. In this situation, the total productivity 
is determined, that is, the ratio of the total amount of pro-
duction (products) to the total amount of resources (outlays) 
involved in generating products (Kosieradzka 2004). Litera-
ture also includes the concepts of absolute and relative pro-
ductivity. The absolute (average) productivity describes the 
actual ratio of outputs to inputs, whereas the relative produc-
tivity is the quotient of the productivity of a given entity to 
the productivity of another (Wolszczak-Derlacz 2013).

3. Methods of assessing efficiency

Depending on the type of information used, methods 
for assessing the efficiency of economic entities are distin-
guished into three groups: ratio analysis, parametric meth-
ods and non-parametric methods (Guzik 2009).
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Efficiency assessed using the methods based on indicators 
is determined by means of ratio analysis that compares par-
ticular indices. Then the efficiency of an economic entity is 
for the most part related to determining the entity’s financial 
condition, that is, assessing its financial status and efficiency 
(Dudycz, Wrzosek 2003). There are four groups of economic 
indicators in the most commonly used classification: solvency 
(debt), efficiency of asset use (turnover, operational efficien-
cy), profitability (sales, assets, capital) and liquidity (Buracze-
wski, Wysocki 1997, 2000; Ćwiąkała-Małys, Nowak 2009). 
In addition, some authors refer to the capital market indicator 
(Pomykalska, Pomykalski 2007). However, the latter serves 
the purpose of assessing joint stock companies that issue se-
curities (shares) and trade them on the stock exchange.

The parametric approach to the efficiency evaluation in-
volves the use of neoclassical production function to deter-
mine the maximum production volume, taking into account 
the factual level of inputs (Triantis 1990). The parameters of 
this function (shape and position) are most often determined 
using econometric estimation methods (e.g. regression analy-
sis). The production function determines the efficiency curve, 
and deviations from this curve are the result of random er-
rors and inefficiency. The methods used in the parametric 
approach differ with respect to assumptions regarding ran-
dom error distribution and inefficiency (Pawłowska, Kozak 
2008). This group of methods includes the stochastic frontier 
approach (SFA), distribution-free approach (DFA) and thick 
frontier approach (TFA) (Ćwiąkała-Małys, Nowak 2009).

Efficiency assessment using non-parametric methods in-
volves the linear programming procedures, without taking 
into account the impact of the random factor on the efficien-
cy of entities and possible measurement errors (Szymańska 
2010). Non-parametric methods using these procedures in-
clude data envelopment analysis (DEA) and the free dispos-
al hull (FDH) (Ćwiąkała-Małys, Nowak 2009).

DEA makes use of mathematical programming algorithm 
and was published at the end of the 1970s (Charnes et al. 
1978). DEA is primarily used to assess the relative technical 
efficiency of decision-making units (DMUs; the effectiveness 
of the DMU is measured against other objects from the stud-
ied group). DMUs are responsible for transforming outlays into 
effects, and, therefore, DEA may be used in the assessment of 
the effectiveness of various types of entities (Wolszczak-Der-
lacz 2014). The transformation of resources (inputs) into the 
products and services in the production unit is affected by many 
external factors (exogenous) – the so-called environmental 
variables (Bogetoft, Otto 2011).

The term ‘data envelopment analysis’ has not been uni-
formly translated into Polish and is usually referred to as 
‘analiza otoczki danych’ (Prędki 2003), ‘analiza obwied-
ni danych’ (Guzik 2009) or ‘analiza danych granicznych’ 
(Ćwiąkała-Małys, Nowak 2009).

4. Assessment of management efficiency in
forestry

The principle of rational management (the principle of 
economy) was formulated with reference to a capitalist en-
terprise. It refers to proceedings aimed at making optimal 
choices to accomplish the utmost implementation of the goal 
with the means at hand or minimising the effort to achieve 
a given degree of implementation. The principle of rational 
management is of great importance in forest management. 
The achievement of different effects of economic activity 
by the forest districts that operate under comparable pro-
duction conditions is not a rare or exceptional phenomenon 
(Kwiecień, Kocel 2006, Kocel, Kwiecień 2010). It results 
from the existence of a number of factors directly affecting 
management efficiency. Some of them, such as staff knowl-
edge and professional qualifications, can be directly shaped 
by supervisors of organisational units and, at the same time, 
are the cheapest and most effective ‘inputs’ that allow to in-
crease the efficiency of management. However, many fac-
tors are beyond the direct influence of managerial personnel, 
and these include, for example, forest stand species compo-
sition and age structure as well as forest site climatic and 
topographic conditions (Marszałek 1975).

Management efficiency reflects economic efficiency and 
means the ratio of the effect obtained (output) to the incurred 
outlay (input). In forest management, the inputs are the re-
sources of individual production factors and current costs, 
whereas outputs take various forms, depending on the func-
tions performed by the forest and forest holding. In princi-
ple, two categories of outputs can be distinguished: (1) those 
as a result of economic functions fulfilled by the forest and 
forest holding and (2) those arisen from infrastructural (in-
direct economic and non-market) functions fulfilled by the 
forest and forest holding. The inputs of the first group play 
a key role, which include, aside from forest products (wood 
and non-wood products), changes in the standing volume of 
growing stock (Marszałek 1975).

When assessing the forest management efficiency, it is 
necessary to evaluate the effectiveness of investment, that is, 
to compare inputs and outputs related to the determination 
of potential variants of economic decision aimed at achiev-
ing the intended profits. The ratio analysis as well as the 
parametric and non-parametric methods discussed earlier 
serve this purpose.

4.1 Ratio analysis

In Poland, initial studies on application of ratio analysis 
to assess forest management efficiency were undertaken in 
the 1970s by Prof. Tadeusz Marszałek who described the use 
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of economic efficiency calculations with respect to select-
ed economic activities. The author distinguished two cate-
gories of efficiency indices: (a) outlays, including costs of 
production, as well as viability, profitability, accumulative 
rate and profit rate; (b) resources, taking into account forest 
use and productivity as well as forest holding profitability 
(Marszałek 1974, 1975).

Andrzejczyk (1979) addressed the issue of forest manage-
ment efficiency as well and developed a series of efficiency 
indices of pine stand production based on the data on the ef-
ficiency of the production of pine growing stock volume. The 
aim of this study was to develop a methodological basis for 
‘the economic assessment of efficiency of tree stand production 
under specific, natural-economic and organisational conditions 
of forest production’. The study proved that factors such as for-
est site type, stand quality as well as rotation significantly influ-
ence the efficiency of timber production in pine stands.

Szramka (1982) carried out a study to determine the ef-
ficiency of production and labour. This author proposed 
a number of relative indices based on the assumption that the 
assessment of the economic use of production resources (pro-
duction efficiency) should be separated from the economic 
use of current outlays (work efficiency). In order to obtain 
the comparability of labour efficiency indices and to take into 
account diverse natural conditions of forests managed by the 
forest districts, in his later studies, the author applied differ-
ently constructed corrective coefficients and tested their use-
fulness. The construction of the coefficients was based on two 
partial coefficients, taking into account the basic categories of 
costs in the forest districts (Szramka 1989).

Also, Podgórski (1989) conducted a research on forest 
production efficiency. He distinguished two categories of 
forest production: ‘around growing volume stock’ and ‘gro-
wing volume stock’. The production output in the first cate-
gory comprised the timber sale value adjusted with the use 
of values regarding final cutting area and harvest cutting 
size. The second category reflected growing stock volume, 
calculated as the difference between the amounts of current 
annual increment and annual harvest cutting. The obtained 
values were the basis for the construction of absolute partial 
indices of production efficiency.

In the period of economic transformation in Poland, the 
first study on the efficiency of forest management was carried 
out by Szramka (1992). The author conducted a preliminary 
analysis and proposed the classification of labour determi-
nants. The latter were divided into the primary determinants, 
resulting from the conditions of forest production, and the 
secondary determinants – resulting from the primary determi-
nants and market laws. As part of the secondary determinants, 
technical–organisational and economic factors were distin-
guished. In his later studies, the author used financial indi-

cators. In the analysis of management efficiency of the forest 
districts within the Regional Directorate of the State Forests 
in Szczecinek, a correction factor Q was applied to verify the 
calculated labour efficiency indicators. It allowed to include 
the costs of diversified production incurred by the surveyed 
districts in the analyses. The results showed that in the period 
covered by the analysis, that is, in the years 1990–1991, a si-
gnificant increase in the gross profit was observed, reflected in 
the increase of the average profitability ratio (Szramka 1995).

A subsequent study carried out by Szramka (1996) focu-
sed on the assessment of efficiency of forest districts in view 
of new regulations on financial management in the State 
Forests. The analysis of the financial condition of the fo-
restry districts administered by the Regional Directorate of 
the State Forests in Piła included, inter alia, income, costs, 
current assets and profit-earning capacity, as well as viability 
and profitability indices. The results obtained showed that 
during the studied period (1991–1993), definite decrease in 
labour efficiency occurred, and in addition, the costs of indi-
vidual forest management activities were overstated.

In the first half of the 1990s, research conducted under 
the direction of Prof. Stefan Arbatowski (Arbatowski et al. 
1994) focused on the variant assessment of the efficiency of 
the State Forests’ economic performance. The calculation of 
forest production efficiency, using efficiency indicators, was 
carried out for three variants. The indices used were formu-
lated based on the sales of goods and services in connection 
with game damage in stands and housing. In conclusion, the 
authors postulated the use of the developed methodology in 
the analyses of the annual market and the status of financial 
management in all the Regional Directorates of the State Fo-
rests (Arbatowski et al. 1994).

The study by Podgórski and Kikayi (1996) was carried out 
to determine the forest productivity using technical and econo-
mic forestry indices. The forestry technical indices included: 
volume of timber growing, stand volume, current stand incre-
ment, final cutting area and final cutting size. Forestry econo-
mic indices included different variants of forest productivity. 
The authors stated that the indices used in the study could con-
stitute the basis for concluding about forest productivity.

Szramka (1997) examined the usefulness of financial in-
dicators to assess economic efficiency of the units within the 
State Forests. The suitability analysis was based on the es-
sential indicators defining the financial situation of enterpri-
ses: liquidity, profitability, debt ratio and financial efficiency. 
The results obtained proved suitability of 11 commonly used 
financial performance indicators in efficiency assessments 
carried out in the forest districts. Consistent with the author, 
the indicators such as liquidity, debt and financial efficiency 
should be treated as important criteria for assessing the ope-
rations of forestry entities.
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Buraczewski (1996) analysed the property status and fi-
nancial situation of the forest districts within the State Fore-
sts, based on the annual financial statements (balance sheet, 
profit and loss account). The results were presented as the 
functions: informative, comprehensive and evaluative; the 
fulfilment of these functions could enhance the improve-
ment of the forest districts’ operations.

In other studies, Buraczewski and Wysocki (1997, 2000) 
used the taxonomic method of linear ordering to assess the 
economic situation of forestry entity based on the synthetic 
measure of development. The values of this indicator made 
it possible to evaluate a given enterprise as compared to 
other analysed enterprises as well as to categorise the en-
terprises with respect to their financial condition. The use-
fulness of the proposed method for assessing the economic 
efficiency of forest districts was confirmed. The proposed 
approach enabled the preparation of a ranking of the forest 
districts according to their financial results.

Studies regarding the effects of nature-forest conditions 
(including the dimension and structure of economic tasks) on 
the management efficiency in organisational units of the State 
Forests (the so-called ‘categorisation’) were initiated by Patalas 
(1987) and constituted the basis for calculating the difficulty 
index. Kocel and Kwiecień (2006) continued the research in 
this area and developed the method for determining the difficul-
ties in the management of forest districts, based on 14 sub-indi-
ces, which described the amount, structure and distribution of 
forest resources, terrain difficulties, a degree of risk to resour-
ces, as well as the dimension and structure of economic tasks. 
On the basis of these, a synthetic degree of difficulty in ma-
naging the forest districts and the Regional Directorates of the 
State Forests was determined (Kwiecień, Kocel, 2006). Next, 
the authors developed the method for determining the synthetic 
indicator of the effects of management of natural, human and 
economic resources of the forest districts (Kocel, Kwiecień 
2010). The obtained results showed that nature-forest factors 
had a dominant influence on the effects of management, fol-
lowed by economic and financial factors, whereas the factors 
related to human resources were relatively the least significant.

In the studies on forest sub-districts’ efficiency, Kocel et 
al. (2012) tackled 16 partial indices that determined the level 
of management difficulty (stopień trudności gospodarowa-
nia, STG) in relation to the management conditions and the 
extent of economic tasks performed. The authors concluded 
that the method developed could be put into practice in the 
State Forests, in decision-making processes as to optimisa-
tion of the number of the forest sub-districts and the number 
of their employees, or else as regards functional allowances 
for managers of forest sub-districts.

Taking into consideration differentiated natural con-
ditions, Lysik (2005) carried out the analysis and assessment 

of financial situation of forest districts localised within the 
areas of three Regional Directorates of the State Forests (in 
Katowice, Kraków and Krosno). The study included ratio 
analysis of the surveyed units as well as the determination 
of the synthetic measure of development and the synthetic 
cost indicator. The obtained results confirmed the influen-
ce of forest management in diversified natural and econo-
mic conditions on financial results of the forest districts. It 
was shown that unit costs increased with increasing share 
of upland and mountain sites within the area of the forest 
districts examined. The possibility of describing the finan-
cial situation of the forest districts using the synthetic deve-
lopment measure was also confirmed.

Czerwińska-Kayzer (2014) conducted a study to assess 
the financial efficiency of the Regional Directorates of the 
State Forests in 2011. The author used a multi-criteria de-
cision analysis method (Technique for Order of Preference 
by Similarity to Ideal Solution –TOPSIS) to evaluate the fi-
nancial performance of the examined Directorates. On the 
basis of the value of the synthetic measure, there were di-
stinguished 3 classes of the Directorates with a given finan-
cial situation. The results obtained showed big differences 
between the Directorates in terms of financial efficiency. 
As stated by the author, financial efficiency of the Regional 
Directorates of the State Forests could be enhanced through 
involving different management manners.

4.2 Parametric approach

So far, the parametric methods have been intermittently 
used in the assessments of forest management efficiency. 
A study by Lee (2005) was carried out using SFA and non
-parametric DEA for measuring and comparing technical ef-
ficiency of 79 forestry as well as pulp and paper enterprises 
located in 10 different regions or countries. In both the me-
thods, the sum of assets, the total number of employees and 
capital were taken as input and the total sales revenue consti-
tuted output. The basic DEA model and the two-stage DEA 
model were used for the analysis of efficiency. Notwithstan-
ding the assessment method used, the highest technical ef-
ficiency of the surveyed enterprises was observed in Japan, 
whilst the lowest was observed in Latin American countries.

The study by Siry and Newman (2001) presents the results 
obtained with the use of the SFA method to assess the impact 
of economic transformation (privatisation) in Poland on tech-
nical efficiency in 40 forest districts in the years 1993–1995. 
In the analysis, the authors used the stochastic frontier pro-
duction function to assess the efficiency of timber production 
and forest management. The empirical results showed signifi-
cant technical inefficiency that was not effectively eliminated 
by the establishment of the Regional Directorates of the State 
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Forests or reduction of manual labourer positions. The results 
showed that at the beginning of the 1990s, the average Polish 
forest district achieved 50% technical efficiency. The most 
significant reason behind the inefficiency observed was too 
high occupation rate of posts in the forest district administra-
tion. The results of the study confirmed the need to employ 
private companies to perform forestry works.

4.3 Non-parametric approach

The use of non-parametric methods to assess forest ma-
nagement efficiency has been described mainly in foreign 
literature on the subject. In Poland, not more than a few stu-
dies have been carried out in this area (Młynarski, Prędki 
2016a, b, 2017).

The non-parametric DEA method was used by Kao and 
Yang (1991) for assessing the efficiency of entities associated 
with forestry. The study was carried out during the period of 
10 years (1978–1987), in 13 forest districts in Taiwan, with 
the use of 4 input and 4 output variables. Input variables 
consist of forest district budget, initial employment, the total 
number of employees and the area of forest land. Produc-
tion of wood, production of by-products, soil protection and 
recreation were treated as output variables. The results of 
the study showed that depending on the assessment model, 
some of the examined forest districts proved to be ineffec-
tive. The study was the first recognised example indicating 
that DEA can be a good tool for assessing and planning fo-
rest management activities.

Subsequent studies undertaken by Kao and Yang (1992), 
Kao et al. (1993) and Kao (1998) used the results of the afo-
rementioned works by Kao and Yang (1991) and focused on 
the assessment of the efficiency of 13 forest districts, 3 years 
after the reorganisation of Taiwan’s state forests. The obta-
ined results showed not more than a small improvement in 
the efficiency of the forest districts examined. Almost a deca-
de later, Kao (2010) expanded his research by assessing the 
efficiency of the forest districts by means of two conceptual 
approaches. The first approach allowed to assess the efficien-
cy of an individual DMU at two points in time (then the unit 
examined was treated as two separate DMUs). The ratio of 
the values of efficiency indicators determined at different po-
ints in time illustrated changes in the efficiency of individual 
DMUs. The second conceptual approach was based on the 
use of Mälmquist index to assess the productivity of the forest 
districts studied. Both the conceptual approaches used in the 
assessments proved that in the years 1988–1992, there was 
improved efficiency of the forest districts under the study.

Shiba (1997) used the DEA method to determine the effi-
ciency of the activities of forest owners’ associations in Japan, 
focusing mainly on the measurement technique and a few key 

issues that arise when using DEA in practice. According to this 
author, the basic stage in building DEA models was to identify 
the effects and expenditures of the assessed units. Variables 
should reflect all the assets used for operations of a given unit, 
in comparable amounts for all the units being assessed. The 
author also pointed out that DEA models can be adapted to 
achieve specific goals by setting individual variables.

The issue of measuring efficiency of forest management 
by means of DEA was also analysed by Vitalla and Hänni-
nen (1998). The aim of this study was to measure the effi-
ciency of 19 state regional forest chambers in Finland. The 
efficiency of a given forestry chamber was determined as the 
weighted average of the efficiency indicator values, deter-
mined for each of the six areas of the chamber activity. The 
areas included planning and maintenance of forest roads and 
drainage ditches, preparation of forest management plans as 
well as training and development. In addition, the study used 
the Tobit model to determine the factors affecting chamber 
efficiency. The factors were divided into two groups: inter-
nal factors (motivation, organisation and characteristics of 
employees) and environmental factors (socio-economic cha-
racteristics of clients and climatic conditions). The results 
showed that in view of management efficiency, internal fac-
tors such as management manner and employee assistance 
programmes were the most important. Important relation-
ships between the efficiency of the chambers studied and 
environmental factors were also demonstrated.

Bogetoft et al. (2003) used DEA to optimise the acti-
vities of the Danish Forestry Extension Service. For each 
local service office examined, three output variables were 
adopted: the annual economic surplus generated, the annual 
surplus generated for the benefit of employees and the an-
nual sale of seedlings to private forest owners. All admini-
strative costs were considered as input. The results showed 
widespread inefficiency. As said by the authors, the efficien-
cy might be improved through mergers; however, the em-
ployees' reluctance to consolidate made it difficult to get out 
of the crisis. The authors proposed replacement activities, 
such as dissemination of know-how, cooperation between 
neighbouring offices and a change in the scale of operations 
of individual units.

The DEA method has also found application in the forest 
management in Iran. Limaei (2013) examined the efficien-
cy of 14 Iranian forestry companies and forest management 
units. Overall production was divided into the processes and 
analysed by a two-stage DEA model. The first stage con-
cerned the process of wood harvesting, with input represen-
ted by fixed costs and variable costs and output represented 
by revenue from wood sales. The second stage covered the 
marketing process with the result of the first stage as input, 
and the revenue and profit from wood sales were treated as 
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output. The results showed that the studied forestry enterpri-
ses were able to increase the efficiency of their management 
by decreasing operating costs.

The study by Korkmaz (2011b) focused on measuring 
the efficiency (partial and total) of state forest enterprises in 
the Mediterranean region of Turkey. Partial efficiency was 
determined separately as three production factors (capital, 
labour and land). The total efficiency was the sum of the 
performance indicators of the factors under the study. The 
highest partial efficiency was demonstrated by the units in 
the capital group (75%), followed by those in the land group 
(71%) and the labour group (68%). The non-parametric DEA 
method proved to be effective in the assessment of forest 
enterprises, and the obtained results allowed to determine 
the least and the most efficient units. Korkmaz (2011a) po-
inted out the possibility of using the Mälmquist index under 
DEA to determine the changes in the efficiency of 6 forestry 
enterprises during the period 2006–2010. Then, using three 
types of inputs and two types of outputs, the author assessed 
the technical efficiency changes, technological changes as 
well as scale efficiency. Most of the surveyed forestry units 
turned out to be ineffective in terms of management and 
production. At the same time, the technological changes in-
troduced did not notably affect the efficiency improvement. 
The results confirmed that there is a lack of clear rules and 
regulations in the forest production process.

The important study on the use of the DEA method in 
assessing the forest management efficiency was carried out 
by Mörec and Jeromel (2011). These authors used DEA to 
determine the efficiency of 14 state-owned forestry compa-
nies in Slovenia. Technical efficiency was determined using 
four models: wood harvesting, silviculture and forest infra-
structure, wood harvesting and silviculture as well as wood 
harvesting and wood exporting. Three more models (wood 
harvesting, wood harvesting and silviculture as well as 
wood harvesting and exporting) were used to determine the 
cost efficiency. The results showed low efficiency of forest 
management and confirmed the hypothesis that enterprises 
operating in the areas with small forest cover are technical-
ly and economically inefficient. As said by the authors, it 
would be reasonable to consider a reduction in the number 
of concessions granted for forest management, whilst incre-
asing the area of activity of an individual enterprise.

The DEA method was also used by Kovalčík (2011) to 
assess Slovakia’s forest management. The author carried out 
the analysis of management efficiency in 36 forestry servi-
ce units, who conducted silvicultural and wood harvesting 
activities. The study covered 7 state-owned and 29 private 
enterprises. On the basis of the four input variables and two 
output variables, two models of efficiency assessment were 
built: technical and economic ones. In addition, a cost–bene-

fit analysis was carried out; the results of this analysis were 
weighed against the results of efficiency assessment. The 
enterprises representing the economic model showed gre-
ater efficiency than those in the technical model. In terms of 
efficiency, the noteworthy advantage of state-owned enter-
prises over private companies was demonstrated. The analy-
sis proved the convergence of the results of the cost–benefit 
analysis with the results of efficiency assessment by means 
of DEA, assuming constant effects of the scale.

The study by Yang et al. (2016) discusses the results of the 
analysis of changes in efficiency of 135 forestry enterprises in 
China during the years 2001–2010. Efficiency was estimated 
using the DEA model, and the Mälmquist index was used to de-
termine the efficiency changes. The results showed an increase 
in the efficiency during the analysed period, which was mainly 
due to technological progress. The highest average growth rate 
of the Mälmquist index was recorded in the north-western part 
of the country. This was due to the investments by government 
in science and technological development, which enhanced the 
improvement of forest management in this area.

Several studies on the changes in forest management ef-
ficiency were carried out, depended on the changes in the 
country’s legal or political situation. Zhang (2002) used the 
DEA method to assess the impact of economic reforms on the 
efficiency of 40 state forest offices in China during the years 
1995–1997. The efficiency of the majority of organisational 
units had deteriorated, which indicated a high potential for 
improvement on account of further reforms. However, econo-
mic changes positively influenced the efficiency of some offi-
ces, which could be due to a reduction in administrative costs. 
As said by the author, the results of the presented analyses 
should be considered as an introduction to further research, 
because other factors might also affect the change in efficien-
cy, including wages, employee competences, environmental 
and forest conditions and changes in silvicultural methods.

Using the DEA method, Managi (2005) examined the 
effects of government subsidies on forest management effi-
ciency in Japanese regional administrative units during the 
period from 1975 to 2000. The results showed that forest 
management efficiency decreased over the 25-year period. 
The hypothesis was confirmed that government subsidies 
had negative effects on the economic performance of the 
forest sector – management efficiency decreased with incre-
asing subsidies. However, the author pointed out that becau-
se of the dynamics and complexity of forest ecosystems, the 
obtained results should be interpreted with great caution.

Mack and Schoenenberger (2008) described the influen-
ce of the federal government’s subsidy scheme on timber 
production efficiency in state-owned forestry enterprises in 
Switzerland. Government subsidies were granted to support 
the protection and management of forest stands, damaged 
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in 1999 by the violent European windstorm Lothar. The ef-
ficiency of forestry units during the period 1998–2003 was 
estimated using the DEA model. It was shown that a year 
after the hurricane, the subsidies influenced forest enterpri-
se efficiency not more than in one canton. In other cantons 
under the study, no effects of financial support on enterprise 
efficiency were observed.

Młynarski and Prędki (2016a, b, 2017) used the DEA 
method to analyse the efficiency of forest management in 
Poland. The authors assessed the financial efficiency and 
economic resources of the forest districts based on the as-
sessments carried out in four Regional Directorates of State 
Forests (Wrocław, Katowice, Kraków and Krosno). The 
study was carried out in the groups of the forest districts 
with similar types of forest sites, which ensured uniformi-
ty of the units examined and comparability of the results 
obtained. Two categories of the forest districts were distin-
guished: ‘lowland’ and ‘highland-mountain’. The results 
showed differentiation of the forest districts in terms of mak-
ing use of financial inputs and economic resources. Low-
land forest districts proved to be more efficient than those of 
highland-mountain in both the use of financial outlays and 
production factors (resources).

5. Conclusion

The analysis of subject literature revealed gaps in re-
search on the efficiency of forest management in Poland. 
So far studies carried out in Poland have been based mainly 
on the methods involving indices and linear ordering mea-
sures determined based on the depicted indices. These stud-
ies often used group of methods that have addressed very 
diverse issues. It should be noted, however, that although 
the assessment based on indices has been widely used in 
practice, at a scientific level, the approach to efficiency as-
sessment in Poland differs from current European and global 
trends. In Poland, studies that have been carried out with the 
use of parametric and non-parametric methods for assess-
ing forest management efficiency are scarce. These methods 
are more advanced in terms of mathematical and statistical 
tools, which provide opportunities to carry out wide-ranging 
analyses, such as the analysis of the effects of the districts' 
scale or the analysis of changes in efficiency over time using 
the Mälmquist index.

The search for new methods for assessing the activities of 
the State Forests’ entities and attempts to deepen the analysis 
of management efficiency may contribute to more compe-
tent management of state-owned forestry units. Therefore, 
studies that principally involve non-parametric evaluation of 
the forest districts' efficiency ought to be continued with the 
main focus on the analysis of financial efficiency and eco-

nomic resources. The results of such studies could enable the 
determination of the maximum forest-derived income from 
selling wood (financial efficiency) and the maximum pos-
sible wood production (efficiency of economic resources).
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