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FOREWORD

The four independent reviewers estimated each paper and recommended 89 articles for publishing at the
proceedings consisted of 2 volumes, which started life as presentations at the Annual 21stInternational Scientific
Conference “Research for Rural Development 2015” held at the Latvia University of Agriculture, in Jelgava,
on 13 to 15 May 2015.

In the retrospect of four months later, we can count the Conference as a great success. The theme — Research for
Rural Development - attracted participation more than 185 researchers with very different backgrounds. There
were 147 presentations from different universities of Lithuania, Estonia, Poland, Turkey, Greece, Slovakia,
Nepal, Russia, Czech Republic, Kazakhstan and Latvia.

Thank you for your participation! I’m sure that you have learned from the presentations and discussions during
the conference and you can use the outcomes in the future.

The cross disciplinary proceedings of the Annual 21st International Scientific Conference “Research for Rural
Development 2015” (2 volume since 2010) are intended for academics, students and professionals. The subjects
covered by those issues are crop production, animal breeding, agricultural engineering, agrarian and regional
economics, food sciences, veterinary medicine, forestry, wood processing, water management, environmental
engineering, landscape architecture, information and communication technologies. The papers are grouped
according to the sessions in which they have been presented.

Finally, I wish to thank Organizing and Scientific Committee and the sponsors for their great support to the
conference and proceedings.

On behalf of the Organizing Committee
of Annual 21st International Scientific Conference

“Research for Rural Development 2015”

Ausma Markevica
Latvia University of Agriculture
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FORESTRY AND WOOD PROCESSING

ASSESSMENT OF HYPERSPECTRAL DATAANALYSIS METHODS TO
CLASSIFY TREE SPECIES

Gints Prieditis, Ingus Smits, Salvis Dagis, Liga Paura, Janis Kramins$, Dagnis Dubrovskis
Latvia University of Agriculture
gints.prieditis@llu.lv

Abstract

One of the most challenging issues in forest inventory based on remote sensing data is identification of tree species.
Hyperspectral remote sensing data provides information which considerably facilitates tree species recognition. The
objective of the research is to evaluate different hyperspectral data analysis methods to classify tree species in Latvian
forest conditions. The study site is a forest in the central part of Latvia, Jelgava district (56°39° N, 23°47’ E). The area
consists of a mixed coniferous and deciduous forest. During research 598 trees were analyzed in 70 sample plots.
Remote sensing data are 64 hyperspectral bands in the 400 - 970 nm spectral range. Two different classification
techniques: linear discriminant analysis (LDA) and artificial neural networks (ANNs) were used. In LDA species
classification was done by stepwise and using principal components of hyperspectral bands. In stepwise LDA 18
hyperspectral bands were used. LDA using principal components and ANNs used all 64 hyperspectral bands. The
best results show stepwise LDA where 82.4% of the data were correctly classified. Scots pine was classified 94.8%,
Norway spruce 83.5%, Silver birch 77%, European aspen 71.4% and Black alder 56.3%. Classification with ANN’s
best results showed for Scots pine, Norway spruce and Silver birch — respectively 81%, 84%, 86%. With LDA using
principal components Scots pine’s classification showed best results with 85.1% correctly classified trees.

Key words: Forest inventory, hyperspectral remote sensing, tree species identification, linear discriminant analysis.

Introduction

The objective of forest inventory is to provide
forest owners with the necessary information dealing
with forest management planning, documentation
of economic activities and for stating the value. The
quality of the information is very topical in forestry
industry because it leads to a precision of evaluating
the condition of forest resources and helps to take the
most effective forest management planning decisions.

Forest inventory methods that are based on remote
sensing data are economic and less time consuming
(Hyyppé et al., 2008). Up until now, the studies in
Latvia and in the world show that separate stand
characteristics can be identified with a high precision.
At the same time it has been pointed out that results
are substantially influenced by the structures of remote
sensing data, additional information about the stand,
and data processing methods being used (Korpela et
al., 2006).

Main problems impeding the development of this
technology in the conditions of Latvia are related to
the fact that data processing methods cannot fully
evaluate and automatically identify all economically
important tree species (Priedttis et al., 2013).

Promising results in identification of tree species
are obtained with the help of hyperspectral remote
sensing that allows to analyse hundreds of spectral
bands. Hyperspectral remote sensing data provides
information of many spectral bands. Most frequently,
to obtain optimal results, only a part of proposed
spectral bands is used (Ghiyamat and Shafri, 2008;
Thenkabail et al., 2004). Several scientists consider
that approximately 90% of hypesrspectral remote
sensing data are unnecessary and can even interfere

with the identification of tree species (Thenkabail
et al., 2004). Latest scientific improvements in
hyperspectral image acquisition have allowed to
improve the spectral and spatial resolution, which
allows to obtain even larger amount of information,
and as a result, it allows to separate and analyze very
narrow spectral bands (Thenkabail et al., 2014).

Various statistical approaches are used in most
of data processing methods when analysing separate
spectral bands (Masaitis and Mozgeris, 2013;
Thenkabail et al., 2004), their combinations (Agapiou
et al., 2012; Agapiou et al., 2012; Blackburn, 2007,
Thenkabail et al., 2004; Thenkabail et al., 2014), or
indices (Adam et al., 2010; Haboudane et al., 2004;
Thenkabail et al., 2004; Thenkabail et al., 2014).
Different formulas are used to calculate indices, using
information only from approximately 30 spectral
bands (Blackburn, 2002; Thenkabail et al., 2002), the
used spectral bands in various studies are observed
as different. Classification methods that reduce the
high range of data and process only that part which
is characterized by tree species, are also frequently
used (Dinuls et al., 2011; Dinuls et al., 2012; Waser
et al., 2010). Reflection intensity, which is analysed
in various spectral bands, can be dependent on many
internal and external factors (Adam et al., 2010) on
a species level, thus influencing identification and
classification results of the tree species. Different
studies have shown that, despite the large number of
spectra, spectral measurements tend to be very similar
for different tree species (Waser et al., 2010; Wen et
al., 2008).

The use of hyperspectral remote sensing data in
forest inventory for classification of tree species is

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2 7
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Figure 1. Aerial photography with actual
on-site situation of the sample plot.

extensively researched in various types of forests.
The structural characteristics of a stand is one of the
reasons which determine the precision level of results,
applicable data processing methods, and also most
suitable spectral bands. When hyperspectral remote
sensing data is analysed, it is possible to obtain
information about biochemical (Curran et al., 2001)
and biophysical (Darvishdaeh, 2008; Zhang et al.,
2013) characteristics of a plant, which in several cases
can help to identify the tree species.

The objective of the research is to evaluate different
hyperspectral data analysis methods to classify tree
species in Latvian forest conditions.

Materials and Methods

The study site was a forest in the central part of
Latvia, Jelgava district (56°39° N, 23°47’ E). Totally
70 sample plots (0.05 ha) were established. The area
consists of a mixed coniferous and deciduous forest
of different age, high density, complex structure,
various components, composition and soil conditions.
Represented species are Scots pine (Pinus sylvestris
L.), Norway spruce (Picea abies (L.) H.Karst),
Silver birch (Betula pendula Roth), Black alder
(Alnus glutinos L.), and European aspen (Populus
trémula L.).

All trees with a diameter at breast height DBH
of more than 5 cm were measured and for each tree
coordinates, its species, height, DBH, crown width
and length were recorded. Differentially corrected
Global Positioning System measurements were used
to determine the position of each plot centre. The
accuracy of the positioning was less than 1 meter.

Individual trees from the sample plots were used
in the study. Data processing consisted of manually
selecting trees with recognizable tree crowns in the
images. Tree centres were adjusted by putting them

Figure 2. Aerial photography with adjusted situation
of the sample plot and marked sample trees.

in the accurate position according to the situation in
aerial photography (Figure 1 and Figure 2).

It was performed with an aim to exclude
miscalculations that could appear when inaccurate
tree centres would be determined by using automated
approach. Study includes sample plot measurements
for 598 trees - Scots pine (209 trees), Norway spruce
(133 trees), Silver birch (147 trees), Black alder (47
trees), and European aspen (62 trees).

Remote sensing data were obtained using a
specialized aircraft (Pilatus PC-6), which is equipped
with a high-performance airborne VNIR pushbroom
hyperspectral system (AisaEAGLE). System acquires
full, high quality hyperspectral data up to 488 spectral
channels with 1024 swath pixels and high image rates.
The study area was flown at 1000 m altitude. Data was
recorded in 64 hyperspectral bands in the 400 - 970
nm spectral range, spectral resolution was 3.3 nm,
ground resolution 0.5 m, a field of view from 17.36°
to - 18.68°. Flight was done on 27 October, 2014.

Two different classification techniques were used
in the paper: linear discriminant analysis (LDA)
and artificial neural networks (ANNSs). Data of 64
hyperspectral bands was analysed to classify and
predict five trees species: Scots pine, Norway spruce,
Silver birch, Black alder and European aspen. Before
the tests, the outliers were excluded from the data set
and each predictor variable was normally distributed.
Most of hyperspectral bands are correlated with each
other, therefore for the LDA application from the large
number of bands were selected uncorrelated bands.
The number of hyperspectral bands was reduced by
stepwise LDA and factor analysis (PCA). According
to stepwise LDA, 18 hyperspectral bands contributed
to the difference between the groups and these bands
were included in the discriminant function. According
to PCA, 64 hyperspectral bands were combined to

8 RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2
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Figure 3. Average reflection intensity in different spectral bands according to the tree species.

four factors (PC) and new factors (PC) were used in
LDA to classify tree species.

ANNSs training was performed with 100 Scots
pine, silver birch and Norway spruce trees, but for
European aspen ANNS training was done with 42 trees
and for black alder with 27 trees. For the test data, 20
trees of each species, which would not overlap with
the training set of data, were selected. For each test,
the set of data was randomised and only the specified
tree count was selected. Tree identification test was
repeated 4 times. For the ANNSs, 64 spectra were used
in the input, and 5 species in the output.

Results and Discussion

Differences between trees species means were
analysed by ANOVA and differences were observed
for all predictor variables or 64 hyperspectral bands.
Mean differences between interested tree species in
red and near infrared hyperspectral bands are larger
and these bands may be good discriminators for
separation of groups (Figure 3).

Literature analysis shows that spectral features of
tree species during the year vary by seasons (Masaitis
and Mozgeris, 2013). Our research results about
spectral ranges with largest differences between tree
species are similar to the findings in the studies of
other scientists.

Species classification by stepwise LDA

According to stepwise LDA, the 18 hyperspectral
bands were significant and were used to classify five
tree species. The intracorrelations between blue and
red, and between violet and red infrared hyperspectral
bands are low. The 18 bands discriminate functions
revealed significant associations between groups and
predictors. Four canonical discriminant functions
were used in the analysis (Table 1) and the three
models explain 95.4% of the variation in the grouping
variable — tree species. The first discriminant function
explains 49.8% of the possible differences among the
five tree species groups; whereas bands more than 700
nm were the stronger predictors and 400-600nm bands
were with less predictor with smaller standardized
canonical discriminant function coefficients.

The second discriminant function explains 29.4%
of the possible differences among the species. 8
hyperspectral bands in range 400-600nm have a
higher loading on the second discriminant function
and can be labelled “visible light spectres”. The first
discriminant function is statistically significant and
with this function it is possible to classify two groups’
— differences among the Scots pine, Norway spruce
and Silver birch, Black alder, European aspen (Figure
4). The second discriminant function can be used to
classify Scots pine from Norway spruce and the 3rd
Silver birch from European aspen.

Table 1
Eigenvalues, variance and canonical correlation of 18 bands discriminant functions
Function Eigenvalue % of Variance Cumulative % Canonical Correlation
1 2.2 49.8 49.8 0.830
2 1.3 29.4 79.2 0.753
3 0.7 16.2 95.4 0.647
4 0.2 4.6 100.0 0.412

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2 9
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Figure 4. Plot of five tree species groups in discriminant space.

The classification results of tree species are shown
in Table 2 and Figure 3. 82.4% of the data (trees) were
correctly classified. Scots pine and Norway spruce
were classified with a slightly better accuracy 94.8%
and 83.5%, respectively, than other tree species.
14.3% of Norway spruce and 14.6% of Black alder
were classified as Scots pine. 15.9% of European
aspen were classified as Silver birch. The cross
validated classification showed that 81.1% of trees
were correctly classified.

Species classification by stepwise LDA is used
for identification of tree species in varied structure
forest stands. Literature analysis shows that even if
15 tree species are classified, this method can produce

an overall classification accuracy of 86% for dense
crowns (Alonzo et al., 2013).

Species classification by LDA using principal
components of hyperspectral bands

The hardest part of hyperspectral data evaluation
process is to decide which bands are the most valuable
for given task. One of the common solutions for such
a problem is to use the principal component analysis,
whichinvestigates if it is possible to represent variation
between data samples using a smaller number of
variables (usually called principal components).
Principal components show the amount of variance
described by each of principal components which is

Table 2

Tree species classification results of the total number of cases obtained with 18 hyperspectral bands, %

Tree species Scots pine | Norway spruce |  Silver birch Black alder | European aspen
Original Scots pine 94.8 3.3 1.9 - -
Norway spruce 14.3 83.5 23 - -
Silver birch 10.1 2.7 77.0 6.1 4.1
Black alder 14.6 6.3 8.3 56.3 14.6
European aspen 32 1.6 15.9 7.9 71.4
Cross Scots pine 94.3 33 1.9 5 -
validation Norway spruce 14.3 83.5 2.3 - -
Silver birch 10.1 4.1 75.0 6.8 4.1
Black alder 14.6 8.3 10.4 52.1 14.6
European aspen 32 1.6 15.9 11.1 68.3
10 RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2
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Table 3
Tree species classification results of the total number of cases obtained
with PC of hyperspectral bands, %
Tree species European aspen Silver birch Norway spruce Black alder Scots pine
European aspen 541 243 8.1 54 8.1
Silver birch 6.7 72.7 4.6 - 16.4
Norway spruce 11 5.3 50.5 5.3 37.9
Black alder 10.5 21.1 15.8 52.6
Scots pine 0.6 4.6 9.7 - 85.1
100 4 948
90 - 851 o 835 84 - 26
80 ~ 72.7 714
70 - 65
£ 56.3
= 60 - 50.5 54
E 30 1 40
3 40
-
30 -
20 | 15.7
10 -
0
Scots pine Norway spruce Silver birch Black alder European aspen

Stepwise LDA

LDA using principal components

ANNs

Figure 5. Summary of tree species classification methods.

acquired by transforming all 64 bands of hyperspectral
data. The biggest amount of variances is described by
the first component and four components describe in
total 0.9961% of data variance. LDA model which
uses transformed data of spectral bands to classify
tree species were created. Tree species classification
results obtained with PC are shown in Table 3 and
Figure 5.

Scots pine and Silver birch were classified with
accuracy of 85.1% and 72.7%. Black alder was
classified with accuracy of 15.8%.

The PC has been used as a method for best
band selection in many studies and is a widely used
method (Agapiou et al., 2012; Ghiyamat and Shaffri,
2008; Masaitis and Mozgeris, 2013). The use of this
method in our research shows poor results, which
could be due to the use of all available bands in the
data processing. In scientific literature, some authors
suggest using a smaller set of selected bands which
could generate more accurate results than the whole
set of spectral bands (Adam et al., 2010; Krahwinkler
and Rossmann, 2010).

Species classification by ANNs

Results of tree species classification with ANNs
in the studies of different authors are controversial,
because precision of the results depends on many

parameters and in most cases these parameters are
unique within the certain trial. Precision of this
method is basically influenced by the amount of input
and training data.

In the research best results of tree species
classification with ANNs were achieved for Scots
pine, Norway spruce and Silver birch — respectively
81%, 84%, 86% of trees were classified correctly.
But for Black alder and European aspen only 40%
and 65% of trees were classified correctly (Figure 5),
which could be explained due to the small number of
training data — 27 for Black alder and 42 for European
aspen.

Summary of Tree species classification methods

In the research of different authors the tree species
identification using hyperspectral remote sensing
data is performed with the precision from 50 till
even 97%, which depends on tree species and used
data processing methods (Adam et al., 2010; Chan
and Paelinckx, 2008). Several studies show a 90%
precision for separate tree species (Agapiou et al.,
2012; Boschetti et al., 2007; Clark et al., 2012). In
the ideal conditions, tree species can be identified
with precision, which is higher than 95 % (Dinuls et
al., 2011; Dinuls et al., 2012). Hyperspectral remote
sensing data in combination with Lidar data is used to
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increase and obtain more precise results (Blackburn,
2002; Dinuls et al., 2012).

Conclusions

1.

The presented classification methods LDA and
ANNSs in Latvian forest conditions are providing
classification accuracy in range of 40-95%.

LDA using 18 hyperspectral bands show the highest
tree species classification, where on average
82.4% of the trees were correctly classified. The
Scot pine and Norway spruce species had higher

5. The wavebands which showed the largest spectral

differences about interested species in autumn are
red and near infrared spectral zones.

. Combinations with other remote sensing data

sources could improve tree species classification
results, as well as the combinations of data
processing methods.

. Latvian forest conditions are difficult for all

remote sensing methods used mainly for mixed
deciduous and coniferous spaces with high density
and homogeneous crown.

classification results.

ANNs classifier provided similar classification
results as LDA. The Scot pine, Norway spruce
and Silver birch species had higher classification
results. Only 40% of Norway spruce was correctly
classified.

LDA classification using principal component
produced very weak results and the number of
classification trees had decreased.
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Abstract

In the research evaluation of the ecosystem services provided by riparian forests in Latvia has been studied. The aim
of this research is to investigate the methods and indicators for assessing the value of ecosystem services of riparian
forests and to establish the most appropriate methods of ecosystem service valuation in the case of Latvia. The study
is based on analysis of scientific publications, special literature and reports of international organizations, studying
results of previously performed qualitative and quantitative research methods in the field of ecosystem service
evaluation. The results of this study revealed several methods that could be applied for evaluation of ecosystem
services provided by riparian forests, taking into account that the set of available data may be limited and considering
the costs and span of time that may be necessary to collect the missing data. The results also show that the majority of
ecosystem service evaluation indicators can be applied if appropriate earlier studies have been performed and feasible
data for similar territories or conditions are available. The knowledge of the methods and indicators for evaluation of
ecosystem services is a crucial factor in the decision making process, when decisions on economic development or
sustainable management of ecosystem services are made.

Key words: forest value, riparian forests, ecosystem services.

Introduction

Natural capital is one of four capital types that
have been generally recognized by the economic
theory (Gémez-Baggethun et al., 2010; Wittmer and
Gundimenta, 2012). Evaluation of ecosystem services
(natural capital) allows explaining its importance
and the significance of its sustainable management
(Soulard et al., 2012). As ecosystem services are
a common resource that belongs to and is used by
everyone by default, the incentive of a sustainable
use of these services is very little (Chee, 2004).
Value is given to ecosystem services from the human
perspective, evaluating services that people perceive
as important (various types of goods, services and
intangible benefits) (MA, 2005; SEEA, 2012). If this
value is not known, it can not be given a proper weight
in the decision-making process, when decisions on
economic development or sustainable management
of ecosystem services are made (Mazza et al., 2013;
Soulard et al., 2012).

The importance of ecosystem service evaluation
has also been emphasized on the EU level, requiring
all member states to set the economic value of their
ecosystem services by 2020 (EC, 2013). To this day,
however, the valuation of ecosystem services has not
been implemented in Latvia.

Riparian forest buffer strips provide several
ecosystem services and products, composing a large
part of forest landscapes as a whole (Kuglerova et al.,
2014; SEEA-Water, 2012; Soulard etal.,2012). Recent
studies have confirmed that small multiform riparian
forests also have a significant role in the functioning
of ecosystems and biodiversity conservation.

Riparian forests are the transition zone between
water and terrestrial ecosystems, which are important
in biodiversity conservation. With an increasing

extent of intense human activities in economically
profitable lands the pressure on natural ecosystems has
grown and they have been transformed in the course
of time. A relatively compact river network with the
average density of 0.6 km km? is characteristic to
Latvia. Nearly all freshwater ecosystems and their
adjacent areas are subjected to anthropogenic pressure
and their functionality can be reduced or even lost due
to pollution.

There is a variety of reasons for a continued
reduction of environmental quality, including
freshwater. A series of anthropogenic activities have
increased river eutrophication (SEEA-Water, 2012),
resulting in a negative impact on formerly abundant
plant and animal species (Urtans, 2008). Increased
concentrations of phosphorus and nitrogen that
originate from point sources in watercourses (SEEA-
Water, 2012), diffuse nutrient runoff fromthe catchment
area and other types of pollution and runoff have been
identified as the main reasons of eutrophication (Russi
et al., 2013). The degradation of river functions in
relation to a reduction of extensive anthropogenic
activities in riparian forests has been evaluated to a
lesser extent (Urtans, 2008). This urges to find ways to
halt or control the biogenic pollution. One of the main
solutions for vitalizing freshwater habitats in this case
study is a sustainable management of riparian forest
buffer strips (Kuglerova et al., 2014; SEEA-Water,
2012). A methodology that would allow assessing the
impact of natural processes in riparian forest buffer
strips is necessary to help decision makers express the
benefit of the ecosystem services provided by riparian
forests in a monetary value (De Groot et al., 2012). In
order to estimate their value, it is important to assess
the methods of ecosystem service valuation and the
indicators that are included in them.
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The aim of this research is to analyze methods
and indicators for assessing the value of ecosystem
services of riparian forests and to establish the most
appropriate methods of ecosystem service valuation in
the case of Latvia.

To achieve the aim, the following objectives were
defined:

e To characterize the functions, services and goods
which are provided by riparian forest ecosystems;

e To investigate indicators of riparian forest
ecosystem service valuation;

e To analyze common, internationally recognized
methods of ecosystem service valuation;

e To describe methods that can be applicable in
assessing ecosystem services of riparian forests in

Latvia.

Materials and Methods

To meet the objectives of this study, the following
written materials were used: scientific publications,
scientific and specialized literature, reports of
international ~ organizations, online  materials,
publications in press. Articles and reports that focus on
the case of Latvia and cases in northern Europe were
a priority, when selecting information for analysis.
Data and information from the above mentioned
materials was analyzed, synthesized and grouped,
and, by applying logical and abstract constructive
methods, the conclusions of this study were drawn.
Characteristics of the methods for valuation of
ecosystem services and the corresponding indicators
were studied in scientific literature and periodicals of
Latvian and foreign authors. This research is based on
the author’s theoretical and practical knowledge and a
series of studies that are performed in relation to the
doctoral thesis.

Results and Discussion

The assessment of riparian forests and the
ecosystem services that are provided by them has
been performed in several studies. A great part of
research that has been performed in Latvia is indirect
in relation to riparian forests (e.g. research on forest
stands, vegetation, water quality, protected species
and habitats). Research has also been performed in
watercourses that run through forest stands, studying
the dynamics of eutrophication and sedimentation.

However, there is a significant lack of knowledge
in the fields related to ecosystem services that are
provided by riparian forests. Several studies have used
various cost approaches, such as replacement costs,
costs for an environmental damage and market prices
that are assimilated to the assessment of ecosystem
services. In ecosystem service studies the main focus
has been on the identification of ecosystem services
as values of cultural history (Estonia-Latvia, 2011). It
should be noted that the majority of research is not

directly aimed at assessing the ecosystem services of
riparian forest stands, but forest stands altogether. It is
a gain, as the existing methods and the gathered data
can be used in further research that is related to forest
stands of particular areas. It should be emphasized
that ecosystem services, which are related to diversity
and habitats, should be set as priority topics for future
research (EC, 2013; MA, 2005).

There is still a number of blank fields in research on
the services of landscape, aesthetics, cultural heritage
and recreation. Complete knowledge on economic
benefits, such as food, medicinal products and wood
of riparian forests is also missing. It is important to
gain information on the impact of forest stands on a
wider scale, e.g. on water quality in catchment area
and the Baltic Sea, the impact on eutrophication
and sedimentation in watercourses as well as fish
resources.

It should be recognized that research is frequently
adapted to specific situations and separate localities but
is not aligned to general quantitative conclusions on
the forest environment on river banks. This, however,
is extremely important for it to be used interlinked to
the aims of existing policies. It should also be noted
that the existing quantitative data of a broad scope does
not always represent the real situation in life — out-
dated information should be stressed, as it highlights
the necessity for large-scale research, which would
clarify the true situation in riparian forests and their
ability to provide ecosystem services.

The main threats that have been addressed
by scholars in their previous research, and are
indirectly related to riparian forests, are processes
of eutrophication and sedimentation that take place
in watercourses (SEEA-Water, 2012; Urtans, 2008).
The attention is also put on the catchment areas that
are directly related to the Baltic Sea, have an impact
on its condition and regeneration of fish resources
and, unfortunately, contribute to eutrophication of the
Baltic Sea (BalticSTERN, 2013).

1. Integrated assessment and valuation of ecosystem
functions, goods and services

The field of ecological economics has witnessed
a spectacular rise of concern with the valuation of
ecosystem functions, goods and services (De Groot et
al., 2002).

A principal scheme has been developed to identify
the areas of ecosystem services, goods and services
within the decision-making process. Ecosystem
functions and ecological values are directly influenced
by the structure of a specific ecosystem and the
processes that take place within. Ecological, social an
economical values form a total economic value that,
in case of their total identification, could be used in
the decision-making process to set the development
strategies of territories.

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2 15



Marcis Saklaurs, Janis Kramins

METHODS AND INDICATORS FOR
EVALUATION OF FOREST ECOSYSTEM
SERVICES IN RIPARIAN BUFFER STRIPS

Goods &
Services

5 Values Based on
equity and cultural
perceptions

Economic Values
Based on efficiency
and cost-
effectiveness

Ecosystem Structure & Process [ :
=== mmmmmm :
1.Regulation
2.Habitat Ecological Values
3. P.{?d.t!ct.i_qn Based on ecological [T Decision
4.Information sustainability
4 making
——— process to
Ecosystem Socio-cultural determine

Total Value —>{  policy

options &

r e-
ment

measures

-—

Figure 1. Framework for integrated assessment and valuation of ecosystem functions,
goods and services. (Adapted from De Groot et al., 2002).

Ecosystem functions.

All ecosystem functions are divided into four
larger groups that allow to assess the ecosystem value
to human society. Goods and services that result from
services of regulation (natural bio-geochemical cycles
and biospheric processes) and habitat (providing
diversity and evolution) create the necessary
prerequisites for services of production (creation
of living biomass) and information (mental and
recreational value). The direct and indirect benefits
that result from the above mentioned ecosystem
functions are crucial for human well-being and are,
therefore, highly valuable (Groot et al., 2002).

Ecosystem goods and services.

Within the context of a sustainable development,
riparian forests hold a special importance. In addition,
they also provide ecosystem services and benefits to
the social sphere, nature protection and economy. The
above mentioned services are divided into several
groups (Chee, 2004; Daily, 1999).

Ecosystem services (or the goods that arise as a
result of these services) can be expressed as values
that can be used to set a total economic value. A
system of values and indicators is used in assessment.
Values are mostly expressed by qualitative features
that can be valued, classified and analysed. Setting
of values is mostly based on indicator marks — these
indicators reflect the condition of an object as well as
the changes that are taking place. Indicators are means
for setting value. The measurement of an indicator is
quantitative, while in separate cases it is possible to
identify descriptive or qualitative indicators (Table 1).

In order to assess the value of ecosystem services,
the values to be assessed can be applied, such as: land
cover, forest productivity, flora and fauna richness,
local and introduced tree species, game mammals and
birds, successional stages, ecotones, deadwood, forest
productivity, forest stand age, forest stand structure,
habitats, forest habitat conservation and protection,
forest stand continuity, fragmentation, natural and
anthropogenic elements of forest lands, forest renewal.

Riparian forests are fully related to values of
their functions, they perform processes that fully
influence their values. Regardless of the importance
of function values and their application they can be
greatly influenced by unified factors that are evaluated
jointly — e.g. natural disturbances (fire, wind, snow,
water, biological disturbances), factors that limit
the natural disturbances, anthropogenic factors
(forest cuts, disturbances, forest sinantropisation and
eutrophication, grazing). Accordingly, indicators are
used for their evaluation: a) the number of forest
fires — (pcs.), areas damaged by windfall — (ha), areas
damaged by snowbreaks — (ha), forest areas that have
been invaded by meadow grasses , ruderal plants,
alien trees — (ha), length of riverbank with signs of
eutrophication — (km), grazing in forest — (ha).

2. Valuing ecosystem functions, goods and services

A number of valuation methods exist that allow to
aggregate different values that are included in the total
economic value (TEV). As a great part of ecosystem
services 1s of a non-market nature, the valuation can
not be direct, while majority of valuation methods are
applicable to specific use-values, creating a challenge
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Table 1

The system of values and indicators for ecosystem services that are provided by riparian forests
(Modified from Chee, 2004; Daily, 1999; Hattam et al., 2015)

Services Values Indicators and measurememt units (examples)
Economic Food: terrestrial animal and plant products, | Extracted food and forage, including berries,
benefits forage, food, spices mushrooms, game (t*ha)

Medicinal products

Extracted amount (kg*ha?)

Materials (natural fibre, timber)

Extracted amount of timber (m‘*ha?), extracted
amount of natural fibre (t¥*km)

Energy (biomass fuels, low-sediment water for
hydropower)

Extracted amount of timber (m**ha?)
Amount of purified water (m**ha?)

Industrial products (waxes, oils, fragrances,
dyes, precursors to synthetic products)

Amount of extracted products (kg*km2)

Genetic resources

Specially protected nature territories (ha), habitat types
(pcs.), habitat area (ha), deadwood (m3*ha=?), species
composition (pcs.), species diversity index s

Regeneration

Circulation of substances in nature (detoxification,

Permanence of carbon sequestration (annual carbon

services decomposition of waste, renewal of soil fertility, | turnover, t),
purification of air and water) Increase of forest stand stock (m**ha-)
Dispersal of seeds necessary for revegetation and | Species composition (pcs.)
pollination of crops
Stabilizing Partial stabilization of climate, moderation of | Areas damaged by windfalls (ha)
services weather extremes (e.g., temperature and wind)
Regulation of the hydrological cycle (reduction | Assessment of water level alterations (cm)
of flooding and drought)
Maintenance of coasts and waterways Number of trees in a waterway (pcs.*km?),
Extent of errosion (m* or number of indentified
locations)
Compensation and substitution of one species for | Species composition (pcs.), deadwood (m?), species
another when environments vary diversity index s
Control of the majority of potential pest species | Area of forest stands invaded by pests (m3)
Life-fulfilling | Provision of cultural, intellectual and spiritual | Public assessment (quality)
services inspiration

Provision of aesthetic beauty

Public assessment (quality)

Conservation

services systems needed for the future

Maintenance of ecological components and

Specially protected nature territories (ha), habitat types
(pcs.), habitat area (ha), deadwood (m**ha?), species
composition (pcs.), species diversity index s

Supply of goods and services awaiting discovery

Number of introduced goods and services (pcs.)

for setting the non-use values. There are, however,
few methods for assessing the non-use values (Turner
et al., 2010; Wittmer and Gundimeda, 2012).

Methods to assess ecosystem services and goods
— each with their benefits and drawbacks — can be
divided into three groups:

Pricing approaches — a widely used method that
usually allows to assess a part of the benefits provided
by ecosystem services. Nevertheless, it is applicable
to gain an estimate of the monetary value that may be
difficult to assess otherwise. Methods where market
prices are used are usually based on turnover, while
methods where the direct costs are used, are based on
clean-up costs (including costs that should be covered
in case of an environmental damage, necessity to
replace ecosystem services with man-made systems or
provide precautions in providing ecosystem services)
(Turner et al., 2010).

Revealed preference methods use the relation
between ecosystem services and one or several
market goods, grounding this method on information
of the behaviour of individuals and businesses in
market where ecosystem services can be indirectly
purchased (Turner et al., 2010). The most important
estimation methods are: production function
method (assumes that conservation of good
environmental quality is an investment in the future
production of goods and services), travel cost
method (studies the amount of financial and time-
consuming travel costs that arise in order to use
ecosystem services for recreation), hedonic price
method (assessing the prices that people pay for goods
that are related to ecosystem services, analysing
information on prices in the housing market)
and defensive expenditure method (focuses on data on
human behaviour).
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Stated preference method is used when a weak
relation exists between ecosystem services and market
goods that are insufficient to perform a monetary
assessment. This method is especially useful when
an impact on non-market values that are related to
important non-use values must be evaluated and
revealed preference methods can not be used (Turner et
al., 2010). Willingness to pay (WTP) and willingness
to accept (WTA) are used to create a hypothetical
market situation to assess people’s willingness to
pay for non-use value provision, using the contingent
valuation - CV (social surveys that include hypothetical
scenarios with descriptions of alternatives such as
WTP to improve an existing situation in order to enjoy
wider benefits from ecosystem services) and choice
experiments - CE (Turner et al., 2010).

Indirect market valuation methods, such
as avoided cost (when ecosystem services allow
costs that would have been incurred in absence of
these services to be avoided) and factor income
method (when the ecosystem services enhance
income) also exist, but are not studied in detail in this
research.

Ecological functions and services can overlap,
leading to the possibility of economic ‘double
counting’. To avoid double counting and enhance data
comparability has been addressed in different papers
(Fisher et al., 2008).

3. Methods for ecosystem service valuation of the
riparian forests in the case of Latvia

While analysing evaluation methods and indicators
of ecosystem service valuation, prerequisites that are
important for the specific situation of Latvia (which,
above all, would allow cost-effective collection of
data that is of high demand but currently lacking),
were identified. They are as follow: 1) existing and
available data that can be used in valuation or 2) data
sets that can be gathered as a part of the valuation
and whose collection is not resource-demanding.
Considering the above mentioned prerequisites,
to assess the ecosystem services that are provided
by riparian forests, the following approaches are
recommendable for Latvia:

First approach: Forest surveying is performed,
which determines the characteristic elements of
the forest stand, the amount and condition of the
dead wood, species diversity nearby the stream in a
10-30 m zone and 60-80 m zone by setting sample
plots with size of 20 x 20 m (400 m?). The sample
plot size (20 x 20 m) is typical in forest-related
research, as it describes the tree stand, as well as bush
and herbaceous stand. It is the most representative
sample plot size, which is often used in research, as
it is small enough to describe the typical condition
of the forest and keep within a single forest type

and, simultaneously, large enough to create a full
impression of the forest.

Transects are placed accordingly, perpendicularly
to the stream bank and reached further into the forest
interior. Transects that are located nearby the stream
describe the interaction between the forest and river,
also describing the impact of disturbances (that are
created by flooding, for example), while transects
that are placed further away from streams, describe
the typical forest situation. For every stream three
transects are established with the distance between
transects of 1 km (Liepa et al., 2015). The gained
data was then analyzed by the substitute-cost method,
which allows assessing the monetary value of the
“substitute” resource. To set the value for the dead
wood, the market price for firewood is applied, while
the market price of industrial wood is applied to living
trees. Therefore, the forest stand information, which
is further transformed into monetary assessment, is
used, providing a theoretical monetary value of the
forest stand. This method is also used to assess the
total monetary value of biodiversity. Its main principle
is to set the total costs for a situation when damage
would be done to the biodiversity of a certain area
that should be replaced, or it was necessary to provide
precautions to provide these ecosystem services in the
future (ten Brink et al., 2012). In order to gain results,
data and measurements from field work are used,
allowing forest stands with their specific vegetation
and dead wood to be assessed in monetary terms.

Second approach: Surveys are used in ecosystem
service assessment, using the above mentioned
methods — CV and CE. During a survey the public
attitude on environment (i.e. riparian forests) is
established. To deal with issues that are related to
riparian forests and evaluate the associated risks, the
public attitude on the various obligations that would
promote improvement of environmental condition and
means to fund the necessary improvement measures
must be clarified. Telephone interviews as well as
face-to-face interviews can be used in such a survey.
When performing a survey, its objective should first
be explained to the interviewee, followed by
clarification of the main connections of respondents
to the specific area as well as their attitude to the
processes that occur there. The questions of the
survey must be mainly aimed at the potential issues
of riparian forests and solutions to these issues,
including potential costs that could occur to handle
environmental problems and the amount of costs
that each household is ready to bear in exchange
for specific ecosystem services. Each questionnaire
should be designed accurately and include background
information and existing problems of riparian forests
and their effects on ecosystem services. Background
information (age, sex, income) is requested to
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provide comparability to the Latvian population and
possible corrections that may be necessary later. The
questionnaire should include different development
scenarios and their costs per household, as it would
facilitate in-depth understanding of the issue and
provide better and more focused answers. It is
extremely important to provide cost distributions for
different development scenarios.

By wusing the methodology for gathering
vegetation data that has been described under the
first approach, basic information is gained that allows
to model the use of CV and CE methods, thereby
offering potential development scenarios and possible
future alternatives in riparian forests. A question
on a potential implementation of a payment system
should also be included. The CV method is used in
this research, determining the costs that the society is
ready to pay in order to reduce the negative processes
in riparian forests. During the research both — the use
(forest resources) and non-use values (aesthetics)
of riparian forests - should also be viewed. Studies
that are based on CV method are mostly applicable
to valuation situations where coherent hypothetical
alternatives of environmental change are valued. CE
method, however, provides good results when the
values of individual attributes are assessed. When
constructing the questionnaire, a number of potential
impacts for a specific future scenario can be described,
defining the quality and costs of each of these.

To establish the value of recreation services of
riparian forests, the applicability of travel cost method
was analyzed. This method is based on surveys that
focus on recreation activities that are appealing to
interviewees (hikes, orienteering, bird watching etc.),
travel time, distance, duration and costs that occur to
reach these activities as well as the number of travels
to the specific location in a set period of time. This
allows creating a demand curve of a specific location,
which is defined by the travel costs. The method is
based on evaluation of a specific place that is used for
recreation, e.g. nature trail, bird watching tower etc. If
this method was used, the analysis would not return
results on the whole territory — all riparian forests,
but specific places instead. Accordingly, to determine
the recreation services provided by riparian forests
and the value of the quality of this specific place,
the above mentioned CV and CE methods should be
used. It should be noted that the question on the place
of residence of respondents and whether they own
a riparian forest should be definitely included in the
background information of the survey, so that proper
respondent groups could be divided in data analysis.

References

Third approach: Riparian forests are a
fundamental solution in reduction of river pollution.
Research shows that biologically diverse and
productive riparian forest stands can retain and
accumulate pollutants and nutrients (SEEA-Water,
2012; Soulard et al., 2012). Riparian forests can
stabilize or reduce nutrient runoff. This ecosystem
service of riparian forests can be assessed using the
pricing approach method of replacement costs, as
forest stands provide a clean-up service. The value of
this clean-up service can be assessed by comparing the
costs of expensive and energy intensive man-made
water treatment plants to the water treatment services
that are provided by riparian forests.

Fourth approach: The benefit-transfer method,
which is based on existing research, can be used to
assess ecosystem services of riparian forests. It allows
using piloted indicators - the data derived from these
indicators can be compared to the situation in riparian
forest stands. Successful application of this method
depends on the quality of existing research and their
applicability. For example, the data on research of
non-timber values can be used to set these values in
riparian forests (Account Latvia, 2010).

Conclusions

1. When assessing ecosystem services it is suggested
to use methods and indicators that simultaneously
define ecological, social and economic factors,
thereby assessing the total economic value of
ecosystem services and their components.

2. It is possible to assess the ecosystem services of
riparian forests in Latvia, using the methodology
that has been described in this research, taking into
account the fact that up-to-date scientific research
on riparian forests is very little or absent altogether.

3. Methods and indicators must be used according
to the available data and data whose collection is
limited in time and costs.

4. Consequent research will address the issue of
specific data availability in Latvia; however
preliminary signals show that lack of relevant field
data could threaten the performance of a fluent
research.
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Abstract

The objective of this study is to elaborate the mathematical model describing the bark proportion (BP) in stems of
Scots pine (Pinus sylvestris L.), Norway spruce (Picea abies [L.] Karst), silver birch (Betula pendula Roth.) and
aspen (Populus tremula L.), as well as to analyze the vertical variation of the BP for the aforementioned species.
The study material consists of data of 372 sample trees sampled in three regions of Latvia — Western (Kurzeme),
Eastern (Latgale) and North-eastern (Vidzeme) during the years 2011 —2014. The BP for each tree was calculated as
a difference between the under-bark and over-bark stem volume. In this study, we compared the performance of three
power regression models in predicting of BP using breast height diameter (DBH), tree height (H) and total volume
(TV) as independent variables. The best fit to data was achieved by using tree height for the prediction of BP. Our
results confirm that the highest proportion of the bark is at the upper part of the stem (relative height 95%) for all trees
species. Pine stems have a lower BP of up to 30% relative height comparing to other species, while the spruce has the
lowest bark percentage at the stem base relative to other tested species There were no significant differences found
in BP among the stands from different regions for all studied species, indicating no need for derivation of separate

equations for each region and ascertaining the possibility of use of the average BP values for the whole country.
Key words: bark proportion, bark volume, Scots pine, Norway spruce, silver birch, common aspen.

Introduction

The necessity of the assessment of forest stand,
individual tree and its components’ biomass has been
highlighted internationally during the last decades
since the mitigation of climate change became a
highest priority worldwide. The Kyoto Protocol
determines that carbon pools in forest above — and
below — ground biomass and other carbon sources
should be reported by countries which have ratified this
protocol. According to the general guidelines defined
by Intergovernmental Panel on Climate Change, the
carbon is calculated by multiplying the dry biomass
by 0.5 default value, which is based on a very overall
assumption about carbon content in wood biomass
(Good practice guidance for land use ..., 2003). In
fact, the carbon concentration is different among tree
species and tree components, particularly in stem
wood and bark (Chauhan et al., 2009). Elaboration of
the mathematical functions for calculation of the bark
proportion in the total stemwood volume will provide
the possibility to improve the accuracy of the national
reporting of the carbon balance.

Besides the improvement of national reporting
of carbon stock, the reliable methods for calculation
of bark content are demanded for the estimation of
under-bark volume of roundwood assortments and
the bark content of energy wood. The ratio of bark
and wood is among qualities influencing the heating
value of biomass feedstock (Kenney et al., 1990).
The influence of bark content on energy wood quality
becomes particularly important in harvesting of small
dimensions trees (Adler, 2007). In a two-year poplar
short-rotation coppice bark proportion in the extracted
whole-stem biomass ranged from 33.9-31.4% in

small dimensions stems to 15.1-12.5% in largest
stems, depending on their moisture content (Guidi et
al., 2008).

The average heating value of bark from the
coniferous species is about 7% higher than the average
of the deciduous species (Corder, 1976) indicating
that bark content is increasing the calorific value of
the energy wood. However, a potential problem of
using bark in the heating is that the bark of many wood
species has higher ash contents than the stem wood
(Passialis et al., 2008). High ash content also tends to
lower the heating value (Corder, 1976). In Sweden,
the estimation of tree ash content showed that the
ash content of Scots pine (Pinus sylvestris L.) stem
with bark is clearly under the limit (0.7%), as well
as in almost all cases of silver birch (Betula pendula
Roth.) (Lestander et al., 2012). Authors found that
Norway spruce (Picea abies [L.] Karst) stems seem
to be problematic for producing pellets of the highest
quality because of their high bark ash content (the
average ash content in spruce bark is 3.27%, for pine
bark — 1.97%, for birch bark — 2.20%) and relatively
high bark percentages. The average ash content in
pine, spruce and birch stem wood is 0.35%, 0.36%
and 0.32%, respectively. Wood ash is a by-product
of wood burning, causing problems when making a
deposition on heat transfer surfaces in boilers and on
internal surfaces in gasifiers (Misra et al., 1993).

The bark can comprise a remarkable amount of
the total stem volume and its relative proportion of
total stem volume is depending on trees species, tree
diameter, tree height and bark thickness (Wehenkel et
al., 2012). Bark can reach from 6 to 20% of the total
volume of the stems (Heath et al., 2009; Cellini et al.,
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2012; Wehenkel et al., 2012). Bark thickness is also
affected by the climatic zone, stem form, site quality,
tree age and other aspects (Laasasenaho et al., 2005;
Sonmez et al., 2007; Cellini et al., 2012). R. Li and
A.R. Weiskittel (2011) emphasize the importance of
the tree bark that plays a critical role in the life of a
tree when it is standing, while the harvested bark can
be used as a source of energy or mulching, as well
as applied in the production of some special products
like in the pharmacy.

Scots pine (Pinus sylvestris L.), Norway spruce
(Picea abies [L.] Karst), silver birch (Betula
pendula Roth.) and aspen (Populus tremula L.) are
economically most important tree species in Latvia.
According to data from the National Forest Inventory,
in 2014 these four tree species covered 81.3% of the
total forest area and 85.8% of the total forest volume
(http://www.csb.gov.lv/en/dati/koku-sugas-latvijas-
mezos-30236.html). The proportion of the bark and
bark thickness has been studied previously in Latvia.
The existing average bark volume values for tree
species in Latvia are very general disregarding the
tree age while the available equations for calculation
of the bark proportions are applicable only for the
estimation of under-bark volume of roundwood
assortments (Lipin$ and Liepa, 2007) and cannot be
used in calculation of bark proportion of standing
trees. Bark thickness of spruce and pine depending
on the vertical location in the stem has been studied
by A. Dréska et al. (2002), however, the authors
have not provided the mathematical equation for
predicting the bark thickness. Z. Sarmulis et al. (2005)
recommended to use the fourth-degree polynomial
equation for predicting the bark thickness for spruce.
The study material of the aforementioned research is
based on sample trees obtained only on pre-matured
and matured spruce stands restricting the use of model
for prediction of bark thickness of young trees.

Several studies have been carried out abroad on the
bark thickness modelling (Laasasenaho et al., 2005;
Li and Weiskittel, 2011; Cellini et al., 2012). The
proportion of bark biomass for pine, spruce and birch
has been studied previously in Sweden (Lestander
et al., 2012). For further studies authors suggested
to clarify the information about the ash content in

different tree parts, especially in bark biomass and
to investigate the variation of bark structure along
the stem. C. Wehenkel et al. (2012) estimated bark
volumes for 16 native tree species in Mexico and
recommend using power regression models to evaluate
the proportion of bark in tree stems.

The objective of this study is to elaborate the
mathematical model describing the proportion of
bark volume in the stems of Scots pine, Norway
spruce, silver birch and aspen, as well as to analyze
the vertical variation of the bark proportion for the
aforementioned species.

Materials and Methods

The study material consists of 27 Norway spruce,
34 Scots pine, 35 silver birch, and 28 common
aspen stands. These stands are located mainly on
mineral and drained soils representing a largest part
of forest stand types in Latvia and covering all age
classes starting from young stands to matured forest.
The selected stands were located in three regions
of Latvia — Western (Kurzeme), Eastern (Latgale)
and North-eastern (Vidzeme), representing different
climatic regions and tree populations. The temporary
plots were laid in all selected stands placing them
subjectively in the spots most accurately representing
the whole stands. All the sample plots were circular
plots with an area of 500 m?. In each of the established
sample plots three sample trees representing the range
of dimensions of the dominant stand were felled down.
The measurements for all tree species were based on
data of 372 sample trees carried out during the years
2011 - 2014 (Table 1).

The sample trees were felled and the stem length
was measured with the measuring tape. Felling height
(stump height) was defined to be 1% of the tree height
being measured before the felling. The stems were
cross-cut into 1 m or 2 m sections towards the top
depending on the stem length (1 m sections for stems
with a length below 20 m, 2 m sections for stems with
length over 20 m). The bark thickness was measured at
the end of each section to the nearest millimetre using
a metric tape at two perpendicular directions. The
measurements were made also at the stump height,
1.3 m height and at the midpoint of the first section.

Table 1
Sample tree characteristics by tree species
Scots pine Norway spruce Silver birch Common aspen

DBH,cm |L,m |T,year |[DBH,cm |L,m |T,year |[DBH,cm|L, m |T,year |DBH,cm |[L, m |T, year
Mean 19.0 17.3 | 54.0 17.5 16.6 | 41.0 14.7 18.1 35.0 13.8 16.6 23.0
Std 9.4 9.2 390.1 9.0 8.9 26.9 7.5 8.1 23.6 8.3 8.5 18.2
Min 15 1.9 6.0 2.3 2.8 9.0 2.7 4.8 8.0 2.7 3.7 5.0
Max 45.2 345 | 141.0 36.3 30.8 | 97.0 37.1 323 | 920 34.0 29.9 76.0

DBH = mean diameter at breast height, L = stem length, T = stand age.
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Bark thickness values were determined by averaging
the two measurements.

The bark volume for each tree was calculated as
the difference between the under-bark and over-bark
stem volume and expressed as a percentage. Stem
volume with and without bark was calculated using
cone formula for top section of the tree and using
truncated cone formula for the rest of stem sections
summing the obtained volumes of each separate
section. The vertical variation of the bark proportion
was calculated as the ratio of cross sectional basal area
with and without bark.

The power regression models proposed by C.
Wehenkel et al. (2012) were chosen to determine
the relationship between the dependent variable and
specific tree characteristics as independent variables.
The general forms of the models are as follows:

BP=p, x DBHP o)
BP=p, x H” O]
BP =, x TVP 3)

Where BP is the bark proportion, DBH is breast
height diameter, H is tree height and TV is the total
volume of tree stem with bark. B, and B, are the
coefficients.

The DBH and H are easily measurable variables
and also used in the forest inventory, but TV is possible
to calculate from the two previous variables using the
tree stem volume equations. Statistic evaluation of
the models was made by R? which reflects the total
variability that is explained by the model and RMSE -
root mean square error which measures the precision
of the estimates. The best fit of regression is indicated
by smaller RMSE value. The RMSE is calculated
using the following equation:

RMSE = (4)

T(yi—9)>
n

Where y; and §; are observed and predicted
values of BP for ith tree and n is the total number of
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BP observations for the particular tree species.

The influence of different tree growing regions on
BP was assessed using covariance analysis marking
growing region as fixed factor, but DBH and H
separately as covariants. Regression, correlation,
covariance analyses and descriptive statistics were
carried out with the SPSS Statistics 20.0 statistical
software package.

Results and Discussion

The vertical variation of BP is the combined
effect between bark thickness and stem diameter at
examined height. For all studied tree species the bark
was thickest at the base of the tree that is reflecting as
the higher BP values. In the middle part of the stem,
which is usually utilized for roundwood production,
the BP is rather constant, thereafter sharply increasing
towards the top part of the tree. This indicates that
energy wood produced form logging residues mainly
consisting from branches and tree tops has a tendency
to have a bigger bark content. Disregarding the
particular bark percentage values, the general form of
bark curves at different tree size is similar for all tree
species (Fig. 1).

The general tendency is that BP is decreasing from
the base towards the middle part of the stem. However,
the lower-most values of BP for every particular tree
species are reached at different height. For Scots pine
the smallest BP is in the middle of the stem at 50%
relative height while for Norway spruce, silver birch
and common aspen the smallest BP is in the lowest
third of the stem at 20 — 30% relative height (Table
2). Similar results are reported by J. Laasasenaho et
al. (2005) who stated that the lowest proportion of
bark for Norway spruce in Finland is detected at 20%
relative tree height. The vertical variation of pine and
spruce bark thickness along the stem in Latvia has
been studied by A. Dréska et al. (2002). In the study
it was reported that at 20% relative height the bark
of Scots pine becomes thinner than that for Norway
spruce while at the base of tree the bark of Scots pine
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Figure 1. Average values of BP of stem basal area as a function of relative height.
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Table 2

Bark proportion as a percentage of stem basal area at different relative heights, %

Relative Scots pine Norway spruce Silver birch Common aspen

height, % mean* range** mean range mean range mean range
1 21.6+0.6 9.5-40.6 13.1+0.6 4.6-30.0 20.1+0.6 9.7-36.5 16.0+0.5 7.9-29.8
5 14.7+0.5 8.3-37.6 10.5+£0.4 4.5-30.9 12.3+0.7 6.5-31.5 11.5+0.4 6.6-25.8
10 13.5+0.4 4.8-34.4 10.2+0.3 5.1-24.8 11.4+0.2 3.8-26.0 11.7+0.2 5.1-23.1
20 11.2+0.6 2.5-324 9.940.5 5.5-31.8 10.8+0.2 6.5-23.7 11.3+0.4 6.1-23.7
30 9.3+0.6 1.7-36.0 10.8+0.5 5.3-30.2 10.5+0.2 5.8-19.5 11.0£0.4 5.3-24.3
40 8.2+0.5 2.7-27.3 11.0+£0.4 5.2-26.5 10.8+0.2 6.5-20.3 11.8+0.4 5.8-24.4
50 8.0+0.5 3.0-26.5 11.6+0.5 5.5-35.4 11.6+£0.2 5.6-22.1 11.8+0.3 6.9-26.5
60 8.4+0.5 2.9-30.6 12.6+0.5 6.1-29.6 12.0£0.2 5.6-24.7 13.9+0.4 7.9-26.5
70 10.4+0.7 2.9-37.9 15.0+0.6 6.3-32.8 13.2+0.3 7.7-31.8 15.6+0.5 7.6-30.6
80 12.3+0.8 3.6-53.4 18.0+0.8 5.4-49.0 15.1+£0.4 8.1-36.0 18.3+0.6 7.9-40.8
90 17.94+0.9 5.1-50.2 25.0+1.0 8.0-59.5 20.4+0.5 9.8-43.8 25.9+0.9 9.1-49.0
95 33.8+1.7 10.5-67.3 39.3+2.2 8.9-64.0 39.2+1.8 19.0-88.9 39.5+1.6 23.4-71.0

*Average value of bark percentage + SE; **minimum and maximum values.

is approximately two times thicker than for Norway
spruce.

The vertical variation of the BP of studied
deciduous trees is similar, showing the differences
only in the upper part of the stem where the bark of
the birch is slightly thinner than for aspen.

The average BP along the stem ranges from 8.0%
to 39.5% depending on the tree species and relative
height. Our results confirm that the greatest proportion
of the bark is at the upper part of the stem (relative
height 95%) for all trees species. Pine stems have
a lower BP up to 30% relative height comparing to
other species while the spruce has the lowest bark
percentage at the stem base relatively to other tested
species (Figure 1, Table 2).

The influence of geographic location of the
studied stands on average BP of the stems was studied
using covariance analysis excluding the effect of
breast height diameter and tree height. We found no
significant differences in BP among the stands from
differentregionsthat BP for all studied species (p>0.05)

indicating no need for derivation of separate equations
for each region and ascertaining the possibility of use
of the average BP values for the whole country. These
results are in consistency with those presented by L.
Lipins and L. Liepa (2007). The effect of the climatic
zones and forest type on bark thickness of spruce is
studied in Finland (Laasasenaho et al., 2005). The
study confirmed that the length of growing period is a
very significant factor that affects the bark thickness —
the bark is thicker in the northern parts of the country
while the dependency of bark thickness on forest type
was not found. The contradictory results of our study
(no regional differences were found among the stands
from different locations), can be explained by the
small geographic variation of sampled stands all being
close to 56th and 57th parallels.

All independent variables (DBH, H and TV)
displayed a negative, statistically significant (p<0.05)
correlation (correlation coefficients -0.73, -0.78 and
-0.57, respectively) with the BP indicating that BP
values decrease with the increase of the tree size. The

Table 3
Summary of fit statistics and parameter estimates of the model of
BP estimated by the Equations 1-3
Spec Equation 1 Equation 2 Equation 3
pecies - -
R? | RMSE | b, b, R2 | RMSE B, B, | Rz |RMSE | B B,

Efﬁf 085 | 2562 | 75.492 | -0.654 | 0.90 | 2.075 | 57.943 |-0.597 | 0.89 | 2.215 |38.189 | -0.227
i\:)(;zvg:y 0.86 | 1.891 | 47272 | -0.516 | 0.89 | 1.691 | 47.051 | -0.531| 0.88 | 1.754 |29.972 | -0.194
ﬁl':‘éﬁr 051 | 2.153 | 25502 | -0.289 | 0.56 | 2.032 | 31.020 | -0.335| 0.53 | 2.097 |20.194 | -0.108
;:S%r:r:non 079 | 1.781 |31.832 | -0.385 | 0.80 | 1.740 | 39.671 |-0.434 | 0.80 | 1.754 |22.953 | -0.141
* All parameters b, and g, are significant (p<0.05)
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best fit to data was achieved by using Equation 2 for
the prediction of BP (Table 3).

The tree height turned out to be the best predictor
for the bark proportion explaining 56 — 90% of the
variations depending on tree species. However,
equations where the total volume and breast height
diameter is used as predictors produced the R? values
that are just slightly lower than for tree height —2% and
5% respectively. In practice, the use of breast height
diameter as the variable for prediction of BP is more
convenient because it can be measured more precisely
in the forest whereas the correct estimation of tree
height is often more complicated and may produce
substantial measurement errors. In respect to this, the
use of Equation 1 can provide a more exact estimation
of BP if the tree variables have to be obtained by direct
measurements in the forests instead of using the forest
monitoring data.

Discovering the residual plots for Equation 1, it
is evident that the residuals are distributed evenly
regarding the dimensions of the stems (Figure 2).
The prediction ability of all models based on
power equations produced good results; however,
application of these equations might produce a
slight underestimation of bark proportion of bigger
dimensions silver birch stems. The examination of
more sophisticated models for prediction of birch bark
proportion can be proposed to produce more accurate
results.

T.A. Lestander et al. (2012) in their study obtained
BP from biomass functions constructed by L.G.
Marklund (1988) and J. Repola (2008, 2009) that are
widely used in Sweden and Finland. T.A. Lestander
et al. (2012) found that the bark proportion predicted
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using J. Repola’s function was significantly higher
for pine than predicted using the L.G. Marklund’s
function, and the BP is decreasing with an increase
of diameter of pine and spruce, but not of the birch.
According to L.G. Marklund’s function, for birch the
smallest BP value is at 12.1 cm breast height diameter
- increasing thereafter. However, this relationship is
not confirmed by applying J. Repola’s functions, in
which case no certain minimum BP value is indicated.
The proportion of bark and general bark curves
obtained in our study for Scots pine, Norway spruce
and Silver birch better corresponds to the variation
of BP described by the model derived from Finnish
biomass functions.

The greatest variation of BP is observed for
silver birch that is indicated by the lowest R? values
(Table 3). The high uncertainty in calculation of birch
bark volume compared to that of spruce and pine
is pointed out also by I. Liepa (2011). He explains
this phenomenon by the peculiarities of the study
data where the presence of two birch species (silver
and pubescent birch) was possible. However, this
explanation cannot be applied to our study where the
measurements of exceptional silver birch stems were
performed. The reason for the unexplained variation
of BP for silver birch stems is not fully understood.
One possible explanation for this variation is the
different morphological forms of the silver birch. The
formation of coarse bark at the base of the birch stems
can be very divergent both for different populations
of birches and within the same stand. Birch trees
sometimes form very distinct ridges in the lowest 3
m sector of the stem while in some cases the matured
silver birch stems maintain the thin smooth bark
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Figure 2. Residual plots (predicted — observed) of bark proportion depending on DBH using Equation (1).
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Table 4

Average values of proportion of bark volume for
studied tree species, %

DBH, cm Scots pine Norway spruce Silver birch Common aspen
5 26.9+1.3% 20.9+0.9 16.7+0.4 17.9+0.6
10 18.9+0.7 14.9+0.9 12.1£0.6 12.34+0.4
15 10.9+0.7 11.2+0.5 11.1+0.4 11.0+0.3
20 9.8+0.5 9.6+0.3 10.9+0.3 10.0+0.5
25 8.9+0.5 8.5+£0.3 10.5+0.6 10.1+0.6
30 7.7£0.4 8.2+0.3 10.4+0.4 9.1+0.5

*Average BP values + SE

(Lipins and Liepa, 2007). Bark variations of Scots
pine have been studied by T. Jelonek et al. (2009).
Based on other studies, the authors identified three
forms of dead bark: scaly bark, ropy bark, and shell
type bark, and distinguished different productivity
among the morphological variety of pines.

The average BP values in stem obtained in our
study revealed high within-species variation from
5.5 to 34.5% for pine, 6.6 to 28.3% for spruce, 7.9
to 21.5% for birch and 7.0 to 23.6% for aspen. Most
of the variations can be explained by the effect of
tree age or the size of the tree. At the breast height
diameter 5 cm the pine, spruce birch and aspen bark
proportion are respectively 26.9%, 20.9%, 16.7% and
17.9%, but if the breast height diameter is increased
to 30 cm, then respectively 7.7%, 8.2%, 10.4% and
9.1% (Table 4).

The future studies are needed to increase the
number of measured sample trees to clarify the
population effect and influence of growing site on BP
of the trees. To increase the predicting accuracy for the
modelling of bark thickness at a certain height of the
stem, the use of more sophisticated models including
the effect of the tree age is recommended.

Conclusions
1. The best fit to data (R? is 0.90 for pine, 0.89 for
spruce, 0.56 for birch, and 0.80 for aspen) was
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Abstract

The regeneration of European hornbeam (Carpinus betulus L.) has been assessed in the National Gene Reserve Forest
near Lukne in the south-western part of Latvia, which is the northernmost point of hornbeam distribution in Europe.
In the studied stand, six sampling plots and four transects were established to assess stand structure and the effect
of irradiation parameters on stand regeneration. Successful regeneration of hornbeam was shown by its presence in
all height and diameter classes. Nevertheless, in the smallest height and diameter classes, an increased abundance of
other shade tolerant species (maple (Acer platanoides L.) and lime (Tilia cordata Mill.) was observed. Norway spruce
(Picea abies Karst.) mainly formed a scattered second forest floor and, apparently, competed with hornbeam. Light
parameters, particularly, the diffuse radiation, had a significant effect (p=0.05) on the distribution and abundance of
hornbeam understory. The threshold values of irradiation parameters for hornbeam were notably higher compared
to other species. The number and height of hornbeam saplings correlated tightly with the amount of available light.
Nevertheless, under sufficient light conditions hornbeam showed good vitality, thus suggesting suitability of growing

conditions.

Key words: Carpinus betulus, light, saplings, understory, stand structure.

Introduction

Climate is one of the main factors that determine
the distribution of species and ecosystems (Maiorano
et al., 2013). Under changing climate, shifts in species
distribution have been observed (Kullman, 2008) and
forecasted (Hickler et al., 2012). In Northern Europe,
forest distribution models predict that coniferous
forests will migrate northwards and will be partially
replaced with deciduous forests (Hickler et al.,
2012). Such shift will inevitably cause ecological and
economic impact (Hanewinkel et al., 2012), therefore
adjustments of forest management, i.e. application of
species suitable for future climates and multi-species
forestry, might be necessary to maintain stability of
forests (Aitken et al., 2008; Thompson et al., 2009).
Migration of species is more evident near the borders
of species distribution (Kullman, 2008) thus marginal
populations are good bioindicators of changes (Harsch
et al., 2009).

European hornbeam (Carpinus betulus L.), which
is common auxiliary forestry species in Central
Europe, known for dense and hard wood (Hornbeam
..., 2013), in Latvia occurs at its northern boundary
(Anderberg and Anderberg, 2013). Considering that
northern range of species distribution is usually limited
by temperature in the dormant period — spring and by
the length of vegetation period (Harsch et al., 2009),
warming of climate apparently will improve growing
conditions for hornbeam in Latvia. Such improvement
of growing conditions and thus competitive ability
can be portrayed by successful natural regeneration
(Harsch et al., 2009; Szwagrzyk et al., 2012). The aim
of this study was to assess the structure and natural
regeneration of hornbeam stand in the south-western
Latvia. Considering that hornbeam is often found as

an understory species, light conditions are crucial for
its regeneration (Diekmann, 1994; Modry et al., 2004).
Therefore, the subordinate objective was to evaluate
the role of irradiation parameters: canopy closure and
amount of solar radiation on sapling/seedling density
and size.

Material and Methods

The study was carried out in the National Gene
Reserve Forest near Lukne in south-western part of
Latvia (56°14°40” N, 21°25°43 E). The research
territory is one of the few hornbeam stands in Latvia,
which in total occupy 50 ha of the forest land.
According to data from the National Forest Service,
the studied hornbeams were up to 145 years old. The
relief was a slight slope with southern exposition, the
elevation of studied territory ranged from ~ 30 to 35
meters above the see level. Climate is mild, influenced
by dominant western winds, which bring cool and
moist air masses from the Baltic Sea and the Atlantic.
The mean annual temperature is +7.6 °C, February
is the coldest and August the warmest month (mean
temperatures are -2.0 and +17.6 °C, respectively).

The studied stand was located on dry sites with
loamy soils; the forest type was Oxalidosa. It is
considered, that European hornbeam has naturally
colonised the studied territories since the Atlantic
period. However, the area occupied by hornbeam has
varied (decreased) during the recent centuries. Since
the mid-19" century, the stand has been intensively
managed, particularly to release hornbeam from
competition with Norway spruce (Picea abies Karst.)
(Krauklis and Zarina, 2002).

For the description of stand structure, six stand
sampling plots (20 x 20 m) were arbitrarily established
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in ‘typical’ parts of stand avoiding ecotones and micro-
depressions of relief. Within each stand sampling plot
all trees were counted according to five height classes:
< 1 m, from 1.01 to 2 m, from 2.01 to 5 m, from
5.01 to 10 m and above 10.01 m. For all trees within
stand sampling plots higher than 2 m, the diameter at
breast height (DBH) was measured to the nearest cm.
Sampling was done in August 2013.

For the assessment of the effect of light conditions
on sapling/seedling density and size, four 20 m long
transects, crossing groups of hornbeam saplings,
were established. Along each transect, ten smaller
sampling plots (2 x 2 m) were established. Within
each of the sampling plots, the height of all saplings
and seedlings was measured with accuracy of 5 cm.
At the centre of each sampling plot, the canopy image
at 1.3 m height was taken by WinScanopy (Regent
Instruments) system (digital camera Nikon Coolpix
E8400 equipped with fish-eye lens (fish-eye DSLR
4.9 mm-203)). To capture the canopy image, after the
height measurements any understory trees covering
camera were bent aside.

The mean frequency of each height and diameter
class was determined for all stand sampling plots. The
diameter classes used were as follows: <5 cm, 5 to 10
cm, 11 to 20 cm, 21 to 30 cm and > 30 cm. For each
sampling plot established along transects, number,
mean height and the total length of saplings/seedlings
(mean height x count) of each species was determined.
Parameters of irradiation: crown density (gap fraction
and openness) and solar radiation (direct, diffuse and
total radiation under tree crowns) (Zdors and Donis,
2011) were calculated using WinScanopy2006a
software. Whole images (no masks) were used; the
vegetation period was considered form April 25 to
October 28, standard overcast sky (SOC) model
considering 48% fraction of diffuse radiation was
applied. The total amount of solar radiation above
crowns was estimated as 47.5 mol m?day.

For the assessment of the effect of irradiation
parameters on regeneration of hornbeam and other
species, the mean values of each parameter were
compared between sampling plots according to
presence/absence of saplings/seedlings by ANOVA

and Tukey HSD test. Data from all transects were
used together. Considering that the requirements for
available irradiation (light) of seedlings of overstorey
species differ (Modry et al., 2004), threshold values
of irradiation parameters necessary for the presence
of saplings/seedlings were estimated by regression
analysis. Logarithmic models were fit to total length of
saplings and irradiation parameters. Threshold values
of irradiation parameters were estimated according
to the model equations. Analysis was conducted for
overstorey species present in > 10 sampling plots
(hornbeam, maple (Acer platanoides L.), lime (Tilia
cordata Mill.) and ash (Fraxinus excelsior L.)), only
the data for sampling plots with species present were
used. To describe the strength of relationships between
parameters of saplings/seedlings (number, mean
height and total length) and irradiation, bootstrapped
(1000 iterations) Pearson correlation analysis was
used. The species present in > 15 sampling plots
were analysed; only complete pairs were used. Data
analysis was conducted in R (R core team, 2014).

Results and Discussion

For 259 trees, DBH was measured and 1560
understory trees shorter than two meters were
accounted (Table 1) in stand sampling plots. The
studied stand was mixed and several forest floors
were evident as shown by tree heights (Fig. 1). The
main canopy species (height > 10 m) were hornbeam,
lime and silver birch (Betula pendula Roth), while the
proportion of spruce (Picea abies Karst.) and other
species was considerably lower. Spruce was the main
species (110 trees per ha) in height class from 2 to
10 thus forming a scattered second floor. Most of the
birch trees were in the largest height class. Regarding
diameter structure, hornbeam was the most abundant
in diameter classes from 10 to 30 cm. Similar density
(about 60 trees per ha) of lime, spruce and hornbeam
was observed in the second diameter class (from 5 to
10 cm). The thickest of the studied trees were birches,
which were mainly in diameter class above 30 cm;
only a few trees of other species exceeded DBH of
30 cm. The smallest diameter and height classes (<
5 cm and < 1 m) were mainly formed by maple, lime

Table 1

Number of measured trees (higher that two m), accounted seedlings and the total basal area of sampling
plots established for the description of stand

Sampling plot
1 2 3 4 5 6 Total
Measured trees 50 41 35 48 32 53 259
Number of saplings in stand sampling plots 107 146 238 158 788 123 1560
Total number of trees in sampling plot 157 187 273 206 820 176 1819
Basal area of measured trees in stand sampling
plots, m? ha'! 72 57 67 37 71 53 59
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and hornbeam (mean density was ~ 3500, 1200 and
1000 tress per ha, respectively). Other species (grey
alder (Alnus incana (L.) Moench), aspen (Populus
tremula L.), ash, silver birch, hazel (Corylus avellana
L.), oak (Quercus robur L.), spruce, alder buckthorn
(Frangula alnus Mill.), spindle (Euonymus europaea
L.), rowan (Sorbus aucuparia L.) and guelder-rose
(Viburnum opulus L.)) occurred with considerably
lower densities, reaching ~ 340 trees per ha (aspen).
The diversity of diameter and height structure
and mixture of species in the studied stand (Fig.
1) suggested that natural processes have been
prevailing (Angelstam and Kuuluvainen, 2004),
despite management (removal of spruce) during the
20" century (Krauklis and Zarina, 2002). Continuous
regeneration of hornbeam was portrayed by its
presence in all height and diameter classes (Fig. 1);

1183
%k _~3508

however, its abundance in diameter class > 30 cm was
low, as expected for understory species (Hornbeam...,
2013). Since the last management events, spruce,
which has been considered the main competitor of
hornbeam in the studied region (Kirsteins and Eihe,
1933), has been re-establishing itself in the studied
stand forming scattered second forest floor or even
reaching the canopy (Fig. 1). Apparently, such re-
establishment of spruce has burdened regeneration
of other species including hornbeam as suggested by
inverse relationship of abundance of these species
in the height classes from 2 to 10 m. Lime, which is
considered a late successional species (Pigott, 1991),
was the second most abundant species in the height
class > 10 m, and it was present in height classes from
2 to 10 m (Fig. 1), suggesting that the stand has not
suffered an intensive large-scale disturbance. Birch,
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Figure 1. Distribution of studied trees according to height (A) and diameter at breast height (DBH) (B) in
stand sampling plots. ‘Other’ corresponds to alder buckthorn, spindle, rowan and guelder-rose.
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Table 2

Statistics of the datasets: number, height and total length of saplings and parameters of solar radiation,
used for the evaluation of the effect of irradiation parameters on stand regeneration. Occurrence shows
the number of sampling plots where species was present (in total 40 sampling plots were established)

Min Max | Mean | Median | St. dev. Numbszggﬁrs]zzhngy Occurrence
Sapling count
Hornbeam 0 25 9.18 9 7.30 367 35
Hazel 0 4 0.25 0 0.71 10 7
Maple 0 2 0.38 0 0.67 15 11
Ash 0 5 0.88 0 1.30 35 17
Spruce 0 1 0.13 0] 0.33 5 5
Oak 0 3 0.20 0 0.65 8 4
Lime 0 8 1.03 0 1.64 41 17
Other 0 4 0.25 0 0.78 23 15
Sapling height, cm
Hornbeam 5 133 30 20 29
Hazel 10 410 30 25 147
Maple 5 120 31 20 33
Ash 10 41 23 20 9
Spruce 20 170 76 50 63
Oak 10 80 35 25 32
Lime 5 340 51 13 83
Other 23 105 61 50 36
Total length of sapling in sampling plot, cm
Hornbeam 0 1165 277 153 305
Hazel 0 410 18 0 73
Maple 0 120 10 0 23
Ash 0 205 22 0 43
Spruce 0 170 10 0 32
Oak 0 160 8 0 30
Lime 0 470 52 0 123
Other 0 210 13 0 40
All species 0 1275 421 363 361
Irradiation parameters
Gap fraction, % 1.85 14.20 5.22 4.24 3.03
Openness, % 2.15 15.21 5.93 4.68 3.39
Direct radiation, mol m2day-' | 0.72 8.17 3.10 [2.48 1.80
Diffuse radiation,
mol m-day-! 0.51 3.28 1.49 1.17 0.87
Total radiation, mol m2day! |1.43 11.18 4.60 4.19 2.50

which is considered to be an indicator of disturbance
(Angelstam and Kuuluvainen, 2004), was mainly
present in the canopy (height > 10 m) and was thick
(mean DBH ~ 38 cm) (Fig. 1), suggesting that the
studied stand was locally disturbed some time ago,
likely by the management activities (Krauklis and
Zarina, 2002).

In the sampling plots established along transects,
height of 504 understory trees of 12 species was
measured (including 367 hornbeam) (Table 2).
The number of species per plot varied from one to
four. The presence of species varied from 35 to 4
sampling plots for hornbeam and oak, respectively.
The maximum number of individuals per plot was 25.

The mean height of samplings/seedlings ranged from
~ 22 to ~80 cm for ash and hazel, respectively. The
absolute height of hornbeam ranged from 5 to 550 cm;
however, the mean height of all measured hornbeam
was ~30 cm. Total length of all measured individuals
reached 1275 cm per plot with mean value of 421 cm
per plot.

The smallest height and diameter classes were
formed by deciduous species (Fig. 1), whose seedlings/
samplings are shade tolerant (Diekmann, 1994),
suggesting that canopy in the studied plots has not
been notably disturbed during the recent years. Maple
was the dominant species, but lime and hornbeam
were also abundant (Fig. 1) suggesting that the
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Table 3

Significance of difference (p-values) of mean values of irradiation parameters between sampling plots

with and without saplings. Differences with p-value <0.05 are in bold

Species Gap fraction, % Openness, % Dg%(;trrna};j ézt;gn’ Dlglgen:?y::}_?n' T%tgl L?g?;;??'

Hornbeam 0.02 0.01 0.05 0.01 0.02
Hazel 0.36 0.38 1.00 0.47 0.8

Maple 0.43 0.42 0.69 0.49 0.6

Ash 0.58 0.57 0.05 0.54 0.11
Spruce 0.78 0.87 0.78 0.8 0.9

Oak 0.49 0.45 0.12 0.37 0.15
Lime 0.36 0.39 0.35 0.6 0.39
Rowan 0.04 0.06 0.88 0.15 0.55

Table 4

Estimated threshold values of irradiation parameter for the presence of hornbeam, maple, ash and
lime saplings/seedlings and their coefficients of variation. Calculations are based on the total length of
saplings within a sampling plot

Species Gap fraction, % | Openness, % D:;%‘itr:f,‘f éit)'/?”' D'meﬁ%‘:y‘,’”’ Trc:]ts: rrﬁgl(?;;?,n’ df
Hornbeam 1.64 1.77 0.48 0.54 1.36 34
Maple 0.58 0.67 0.55 0.15 0.87 10
Ash 0.96 0.75 0.42 0.49 0.96 16
Lime 0.95 1.05 0.62 0.24 1.01 16
Variation 43% 47% 17% 53% 20%

studied stand tends to regenerate with broadleaved
species. Such regeneration of broadleaves apparently
might be related to a disturbed ground cover
(Kobayashi and Kamitani, 2000). The abundance
of maple seedlings might be explained by higher
shade that might provide advantage for maple also in
competition with other saplings. However, maple was
absent in height classes from 1 to 5 m, suggesting that
further development of saplings has been insufficient.
Similar density of lime, which occurs in mid-part
of its distribution area (Pigott, 1991), and marginal
hornbeam suggests that present climatic conditions are
suitable for early development of both species. Low
abundance of spruce in height classes below 2 m (Fig.
1, A), suggested that its regeneration has decreased
during the recent decades (Niklasson, 2002), that
might be related to changes of climate (Hickler et al.,
2012).

The canopy was mainly closed as from 3 to 23%
(mean value 10%) of the amount of total radiation was
able to penetrate the crowns. Irradiation parameters
varied greatly among sampling plots, suggesting
contrasting light conditions (Table 2). Presence of
hornbeam in sampling plots was significantly (p =
0.05) affected by availability of light as the irradiation
parameters were significantly (p = 0.05) lower in plots
where the species was absent (Table 3). However,
no statistically significant (p = 0.05) differences in

irradiation parameters were found between sampling
plots grouped according to presence/absence of
other species, except rowan (gap fraction). Although
differences were statistically non-significant (p =
0.05), presence of ash tended to be positively affected
by direct radiation (mean values were 3.75 and 2.63
mol m2day! sampling plots where ash was present
and absent, respectively).

The observed threshold values of irradiation
parametersnecessary for presence of saplings/seedlings
were similar for the studied species - hornbeam,
maple, ash and lime (not shown) and in most cases
were the minimal values of the dataset (Table 2). The
estimated threshold values (Table 4) reached about
45 to 83% of the observed for maple and hornbeam,
respectively. Such differences were likely caused
by the uneven sample size. The estimated threshold
values of irradiation parameters differed notably
among the studied species and these differences were
more expressed for openness and amount of diffuse
radiation (highest coefficients of variation). Threshold
values of direct and total radiation showed the smallest
variability among the species. The lowest threshold
values of irradiation parameters, except direct solar
radiation, were estimated for maple and the highest
values for hornbeam. Lime and ash appeared to be the
most sensitive and robust species against the amount
of direct solar radiation, respectively.

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2 33



Liga Purina, Roberts Matisons,
Juris Katrevics, Aris Jansons

REGENERATION AND SAPLING
GROWTH OF EUROPEAN HORNBEAM
AT ITS NORTHERN LIMIT IN LATVIA

Table 5

Pearson correlation coefficients calculated between count, mean height and
the total length of saplings and irradiation parameters

Species Gap fraction Openness Direct radiation Diffuse radiation | Total radiation df

Count

Hornbeam 0.45* 0.46%* 0.41* 0.47* 0.47* 35
Ash 0.05 0.10 0.01 0.26 0.09 17
Lime -0.13 -0.14 -0.31 -0.18 -0.28 17
All species 0.53%* 0.53* 0.47* 0.55* 0.53* 39
Mean height

Hornbeam 0.42* 0.45* 0.25 0.54* 0.38 35
Ash 0.64* 0.67* 0.65* 0.79* 0.71* 17
Lime 0.08 0.08 0.19 0.05 0.15 17
All species 0.39% 0.41* 0.36 0.47* 0.43%* 39
Total length

Hornbeam 0.48%* 0.51* 0.30 0.60* 0.43* 35
Ash 0.28 0.32 0.26 0.49* 0.33 17
Lime -0.15 -0.15 -0.10 -0.17 -0.13 17
All species 0.54* 0.57* 0.41* 0.65* 0.52* 39

- correlations significant at p=0.05

Parameters of sapling/seedlings of hornbeam,
ash and all understory species together were
significantly (p = 0.05) affected by irradiation
as shown by correlation analysis; however, no
significant correlation (p = 0.05) was observed for
lime (Table 5). The significant (p = 0.05) correlation
coefficients ranged from to 0.39 to 0.79, suggesting
medium tight to tight linkage. According to correlation
coefficients, hornbeam and ash showed the highest
and the lowest sensitivity to irradiation parameters
(mean r was 0.44 and 0.15, respectively). Diffuse
radiation apparently had the strongest effect and direct
radiation had the weakest effect on the development
of understory in the studied stand as suggested by
correlation coefficients and their significance (mean
r was 0.43 and 0.31, significant (p = 0.05) in four
and eight cases, respectively). Number of hornbeam
in understory correlated significantly (p = 0.05) with
most of the irradiation parameters (the effect of direct
radiation on mean height and total length was non-
significant). The mean height of ash showed the
strongest correlation with irradiation parameters, while
the count of ash did not show significant relationship
(p = 0.05). Total length of ash correlated significantly
(p = 0.05) only with the amount of diffuse radiation.

The distribution of hornbeam saplings within the
stand was determined by the availability of light, as
shown by the differences of irradiation parameters
in plots distinguished by the presence of hornbeam
(Table 3). It was also affirmed by the highest
requirements for light compared to other tested species
(Table 4). The distribution of saplings/seedlings of
other species were likely determined by stochastic
processes as irradiation parameters generally did

not differ in plots distinguished by the presence of
species (Table 3) and the estimated threshold values
of irradiation parameters (Table 4) were notably lower
than the observed minimum (Table 2). Variation of
threshold values (Table 4) and correlation analysis
(Table 5) suggested that diffuse radiation had the
strongest effect on parameters of saplings/seedlings.
Considering that canopy in deciduous forests is
closed as also observed along transects (mean ~
5.9%) (Table 2), diffuse radiation has been described
as one of the significant light sources for the forest
understory (Hutchinson and Matt, 1977). Although
the amount of direct radiation was higher compared
to diffuse radiation (Table 2), it had a weaker effect on
sapling parameters (Table 5). This might be explained
by seasonality of the effect as the direct irradiation
depends on the time of the year.

When all species were analysed together, light
conditions had the strongest effect on the count of
individuals, suggesting that light mainly affects
germination. However, the effect differed amongst
species. Regarding hornbeam, irradiation parameters
mainly affected the total length, suggesting that light
conditions are crucial for the establishment and early
growth of the species. In contrast, no significant
relationships were found between parameters of
lime understory and irradiation, suggesting that
lime can establish and grow under various light
conditions and its size is likely related to age. Among
the tested parameters of ash, the mean length was
affected by irradiation parameters, suggesting that
light parameters are crucial for its growth, while
germination is apparently limited by other factors.
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Conclusions

Successful  regeneration of hornbeam was
observed in the studied site near Lukne as it has
been present in all height and diameter classes.
Hornbeam was abundant also in the understory
where it formed groups, suggesting that conditions
are suitable for its germination and early growth.
Nevertheless, competition with other deciduous
species has been evident, particularly in the lowest
height and diameter classes that might be related to
light conditions. Although hornbeam is considered an
understory species, the requirements of irradiation of
hornbeam saplings were higher compared to native
species and spatial distribution, abundance and size
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of hornbeam saplings/seedlings was affected by light
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Abstract

In Latvia, two European ash (Fraxinus excelsior) genetic resource forests (GRF) have been designated in Skriveri
and Bérvircava. However, as the degree of damage of ash by the pathogenic fungus Hymenoscyphus fraxineus has
increased, many stands have died and many do not comply anymore with minimum requirements for GRF. The aim
of the present research was to evaluate and examine the quality of ash GRFs. In each forest unit, one 20x20 m plot
was established, and the first (E3) and second (E2) layer projective cover of each species was determined in August
2014. All undergrowth and advance regeneration species were counted and the degree of ash damage by H. fiaxineus
was determined along a diagonal 25x1 m transect in each plot. In total, 101 plots were established. Quality evaluation
was carried out according to the basic criteria for selection of GRF as well as based on criteria cited in other research.
Their variation was established by using principal component analysis. Ash in layer E3 was better maintained in
Skriveri, but ash regeneration there was worse, as well as a higher degree of damage by H. fraxineus was observed.
Ash regeneration density is significantly influenced by its cover on layers E3 and E2 as well as by tree species
dominating the growth. The most valuable GRFs have been maintained in Skriveri where 50% of units were rated of

average quality and few of bad quality. In Bérvircava, 56% of forest units were of bad and very bad quality.
Key words: Descriptors, natural regeneration, ash dieback, European Forest Genetic Resource Program.

Introduction

The objective of genetic resource forests (GRF) is
to maintain the genetic diversity and gene pool of a
concrete tree species; and additionally they also have
potential economic, environmental, scientific and
social value (The State of..., 2014). These forests can
provide for adaptation and evolutionary processes of
the forest and trees growing in it; they also foster stand
productivity (The State of..., 2014).

Within the framework of the European Forest
Genetic Resource Program (EUFORGEN), 59
European ash (Fraxinus excelsior) gene reserve forests
and protected forest areas have been designated in
Europe, two of them are situated in Latvia (PliGra and
Heuertz, 2003). The EUFORGEN database indicates
that the forest areas are managed for wood production
and/ or multiple uses or services (Plitira and Heuertz,
2003), but several genetic resource forest units are
also specified as woodland key habitats, therefore
economic activity in these forest units is restricted. In
Bérvircava, selective cutting is allowed in three forest
units for research purposes.

Ash  GRFs are threatened by the ever-
increasing infection rate with the pathogenic fungus
Hymenoscyphus fraxineus which leads to ash dieback.
In the last 20 years, the disease has spread widely
throughout Europe and it has been found in more
than 20 countries. The Baltic states were among the
first where ash stand destruction was identified at the
beginning of the 1990s (Stener, 2013), but the disease
was confirmed in Latvia in 2007 (Kenigsvalde et al.,
2010).

Prior to ash dieback, European ash was the most
common hard-wood tree species in Latvia and one of

the few tree species that regenerated well naturally
(Laivins and Mangale, 2004). Natural regeneration
is one of the basic GRF requirements (Koskela
et al., 2013). At present, European ash comprises
only 14 582 ha (0.5%) of the total forest area. The
increasing degree of ash damage can lead to serious
ecological consequences to European biodiversity
and forest ecosystems (Pautasso et al., 2013). In
Britain, 953 species are connected with ash stands,
and the existence of 44 species fully depends on
ash (Mitchella et al., 2014). Notwithstanding the
extended history of the disease, further development
of ash stands cannot be foreseen, because it greatly
depends on persistence of natural resistance and
further host organism and pathogen interaction over a
longer period of cohabitation (McKinney et al., 2011).
Therefore genetic resource forests (GRF) stands have
become scientifically important forest stands and they
are genetic reserves of European ash.

Pan-European minimum requirements for dynamic
gene conservation units stipulate that each GRF
stand must have a management plan which, based
on systemic surveys, is updated every 5 or 10 years
(Koskela et al., 2013). In the present study all ash
GRF units were surveyed. As ash dieback increases, it
becomes evident that ash GRF minimum requirements
stipulating that the minimum size of a genetically viable
population is 50, preferably 500 to 1000 trees and 400
reproducing trees per hectare (Koskela et al., 2013),
cannot be fulfilled in many forest units. At present,
EUFORGEN have not established requirements for
re-evaluation of the existing stands, so the study is
based on the aforementioned requirements for new
GFR stand selection. In Latvia, the features of genetic
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Table 1
Ash GREF criteria for division into quality classes
Primary descriptors Secondary descriptors
quai?tilhand Ash projective Ash Second and Spruce %iglr; € E;(\)/?B?i Competition
descriptor cover, % regeneration, | undergrowth | projective fraxineus | projective of other
E3 E2 ’ 0 % %

1 > 17 >11 > 6001 0-30 0-05 0-10 6 0-15

2 13-16 |4-10 (3001 - 6000 31-50 1-3 11-25 4-5 16 - 35

3. 8-12 1-3 1001 - 3000 51-70 4-8 26 - 60 3 36 - 60

4 4-7 0.5 801 - 1000 71380 9-15 61-99 1-2 61-100

5. 0-3 0 0-3800 > 81 >16 100 0 >101

1 The number of ashes counted in transect has been recalculated to hectares.

2 Total projective E2 cover.

3 Other regeneration growths and undergrowths counted in transect.

forests, namely descriptors, have been developed
within the framework of the research ‘The long-term
maintenance and sustainable use of Latvian forest
tree genetic resources’ (Gailis et al., 2008), but the
descriptors have not been adopted and are not used
in practice.

The objective of the research was to survey both
GRF ash stands in Latvia, determine their present
state and to give a quality evaluation according to a
framework of five classes. As ash cover has decreased
dramatically, one of the tasks set by the research was
to determine the factors that influence the generation
of new ash advance regeneration. Whereas Latvian
descriptors have been established for Norway spruce
(Picea abies) genetic resource forests, one of the
objectives of the research was to identify and analyse
the features that best characterize European ash
forests.

Materials and Methods

The research was carried out in August 2014 in
two ash genetic resource forests, which are situated
in the central part of Latvia: Skriveri region (Skriveri,
geographical location: X 564257, Y 6281096 ) and
Jelgava region (Bervircava, geographical location:
X 486817 , Y 6251196). Skriveri forest area is
155.2 ha, on which 28 GRF units were surveyed. In
Beérvircava forest 73 units covering 239.6 ha were
surveyed. In both regions there were ash stands of
different age, with ash being the principal species
with wych elm (Ulmus glabra), aspen (Populus
tremula), alder (Alnus glutinosa), and silver birch
(Betula pendula) admixture; in several units ash was
the admixture species for birch, spruce etc. forests.
Both regions are characterized by fertile development
conditions, mostly Aegopodiosa, on rare occasions
Dryopteriosa or Mercurialiosa ameliorated forest
types, characterized by various broad leaved species.

In each unit one 20x20 m plot was established,
and the projective cover percentage of the first (E3,
above 7.0 m) and second (E2, 0.5 — 7.0 m) layer of
each species was determined. In each plot, all advance
regenertion and undergrowth species (up to 7.0 m) were
counted and degree of ash damage by H. fraxineus
(Table 1) was determined in the framework of five
classes along a diagonal 25x1 m transect. H. fraxineus
damage has been assessed according to the visually
determined degree of damage of the tree crown and
trunk. The final rating was assigned based on the
number of woody plants in each damage class. If
there were no new specimens found in the transect,
the degree of damage was not established. Twenty
eight units were surveyed in Skriveri and 73 units in
Beérvircava.

GRF formation criteria were used as the basis for
evaluation of forest quality (Koskela et al., 2013),
supplemented by the descriptors listed in the report
by A. Gailis et al. (2008). After a complex evaluation,
each region was given a quality rating in classes
from 1 to 5. The number of classes was determined
based on the number of descriptor classes in the
research made in Latvia (Gailis et al., 2008). The
descriptors are divided into two groups: primary (if
all descriptors were given equal rating — quality class
could be established without taking into account other
descriptors), corresponding to GRF formation basic
requirements, and secondary — derived from A. Gailis
et al. (2008) (Table 1). Criteria class values have been
established according to median, quartile, minimum
and maximum values of the evaluations obtained in
all samples. In ash regeneration and E3 covering class
division, Pan-European minimum requirements have
been taken into account, stipulating that for an ash
stand to be qualified as a GRF at least 50 mature trees
and 400 saplings per hectare are required (Koskela et
al., 2013). Based on these rules, it was supposed that

38 RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2



QUALITY ASSESSMENT OF EUROPEAN
ASH FRAXINUS EXCELSIOR L. GENETIC
RESOURCE FORESTS IN LATVIA

Ilze Puspure, Linda Gerra — Inohosa, Natalija Arhipova

the minimum number of advance regeneration ash
trees has to be above 800 trees per hectare to qualify
as a GRF (Table 1).

Tree level dominance structure has been
established according to the principle of dominant
and codominant species (Simpson, 2006), where the
dominant species comprise > 50% of the total covering
or at least exceeds the covering of other species by
20%, and the codominant species is 25 — 50% of
the total cover. Vegetation description and growth
inventory was done during the 2014 growing season.

In characterizing unit similarities and factors
having influence wupon them, the detrended
correspondence analysis (DCA) method was used.
In determining which factors best characterize
fluctuation, principal component analysis (PCA) was
carried out, the second matrix being basic criteria for
GRF selection. Thus criteria were obtained that most
precisely characterized forest unit quality; they were
taken into account upon determining quality classes.
The canopy dominant species’ influence on advance
regeneration and undergrowth content was analysed
by using the DCA method. In determining gradient
importance, a randomization test was used for both
methods.

The correlation between the degree of ash damage
by H. fraxineus and the dominant tree species, forest
type, new ash advance regeneration density (in
classes), shrub layer cover and ash cover in E3 layer,
was determined by the general linear model (GLM)
method. Analysis of variance (ANOVA) was used
to determine whether the number of ash in advance
regeneration has been significantly influenced by
the forest type and dominant tree species. For the
evaluation of ash advance regeneration density, tree
and shrub layer projective cover as well as correlations

[3%) w
th =}

(]
o

—_
(=]

Dominant tree species,
% of forest stands
—_
™ s

(=]

1 2 3 4 5 6 7 8

H Dominant tree species Skriveri

Bervircava

between the number of other species listed in advance
regeneration and undergrowth, Pearson and Kendall
correlation analysis was carried out. By using the
Kendall ratio, it was determined if there was a
correlation between shrub layer cover and the number
of ash trees in layers E3 and E2. The analyses were
carried out at a = 0.05. Statistical analyses were
made using PC-ORD 6 (Peck, 2010) and R computer
programmes.

Results and Discussion

In the majority of GRF units, ash trees were
found in admixture with other broad leaved species,
complying with ecological requirements (Ahlberg,
2014). In Skriveri the E3 layer was dominated by
birch (29% of units), small-leaved lime (Tilia cordata)
and elm (both 14%), whereas in B@rvircava it was
dominated by ash (27%) and aspen (21%) (Figure 1).
In Latvia the following species are recommended as
ash satellite species: birch, alder, grey alder (Alnus
incana) and pedunculate oak (Quercus robur) (Sakss,
1997). Apart from these species, lime and elm are also
emphasised in Europe (Dobrowolska et al., 2008),
although ash trees in elm forests in Latvia have seldom
regenerated, based on previous research (Laivins
and Mangele, 2004). In Skriveri, the most common
broad leaved tree species are the typical Aegopodiosa
forest site type species - lime, elm and ash. Analysis
of variance indicated that ash regeneration density
in Skriveri has been significantly influenced by the
dominant species in layer E3 (p = 0.001) and forest
type (p = 0.03), whereas in B@rvircava none of
these factors was decisive. In the framework of this
research, ash was regenerated best in Aegopodiosa
and Mercurialiosa mel. forest site types, namely, in
habitats that are rich in nutrients, biologically active,
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Figure 1. Dominant tree species and ash saplings density: 1 — Betula pendula; 2 — Fraxinus excelsior;
3 — Populus tremula; 4 — Tilia cordata; 5 — Ulmus glabra; 6 — Alnus incana; 7 — Picea abies;
8 — Betula pendula/UImus glabra; 9 — Fraxinus excelsior/UImus glabra;
10 — Alnus incana/Fraxinus excelsior; 11 — Alnus incana/Betula pendula;
12 — Betula pendula/Populus tremula; 13 — Betula pendula/Fraxinus excelsior;
14 — Alnus glutinosa; 15 — Quercus robur.
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Figure 2. Ash advance regeneration damage degree intensity in stands with different dominant species in
Skriveri: 1 — Alnus glutinosa; 2 — Alnus incana; 3 — Alnus incana/Betula pendula; 4 — Alnus incana/Fraxinus
excelsior; 5 — Betula pendula; 6 — Betula pendula/Fraxinus excelsior; 7 — Betula pendula/Populus tremula;
8 —Betula pendula/Ulmus glabra; 9 — Fraxinus excelsior; 10 — Fraxinus excelsior/UImus glabra; 11 — Picea
abies; 12 — Populus tremula; 13 — Quercus robur; 14 — Tilia cordata; 15 — Ulmus glabra.

moist and seasonally excessively moist, but it was
not as successful regenerating in Dryopteriosa, as
has previously been mentioned in other research
carried out in Latvia (Laivin§ and Mangele, 2004;
Kenigsvalde et al., 2010).

Better and more regular ash regeneration was
observed in Skriveri, where, in the framework of
this research, the greatest number of ash specimens
were found in birch/elm (10 000 trees ha') and grey
alder/birch (7 200 trees ha'') stands (Figure 1). In ash/
elm mixed stands, 6 600 trees ha' were counted. In
Beérvircava the best ash regeneration was observed
in oak (7 400 trees ha') and alder (4 200 trees ha')
stands. Ash regeneration below ash stands was not
characteristic of any region, but it was higher in
Bérvircava (2 000 trees ha') (Figure 1).

GLM analysis showed that in Skriveri the new
ash advance regeneration degree of damage was
statistically significantly different between stands

Axis 2

F. excelsior E3

o L=l

Other tree species

with various dominant species. In Skriveri the highest
degree of damage of new ash trees was found in alder
stands (p = 0.0004) (Figure 2). The second class
damage degree was found in grey alder, but a higher
degree of damage was also found in birch and elm
stands. In B@rvircava ash trees damage degree was
much lower and statistically did not differ between
stands with various dominant species.

In DCA both locations were firstly divided by
their different geographical position, because they are
situated in differing geobotanical regions. In DCA all
gradients were important and they showed that areas
differed in canopy composition, and it had significant
impact on ash regeneration density, as mentioned in
research by M. Laivin$ and D. Mangale (2004). The
DCA first variable was best characterized by grey alder
and aspen (DCA1) (p = 0.02), the second by spruce
(DCA2) (p = 0.03), and the third by ash together with
oak (Figure 3).

P. abies E3
Quality class
.l
o2
73
o4
+5

Scrub cover
L]

Axis 1

Figure 3. Ash forest quality criteria in PCA analysis.
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Ash regeneration density had a statistically
significant correlation with a number of woody
plants listed in advance regeneration in Bérvircava
(p = 0.03, t = 0.184), confirming the previous
research in Latvia which showed that regeneration
of ash and other woody plants most often takes place
in canopy and thinned out places (Sakss, 1997). In
Bérvircava two tree species dominated the advance
regeneration composition — grey alder (55% of the
total number of species, 3 704 trees ha') and ash
(34%, 2 290 trees ha') (Figure 4). Formation of
pronouncedly mixed stands with elm (58%, 4 243
trees ha'), ash (29%, 4 214 trees ha''), lime (17%,
2514 trees ha') and Norway maple (Acer platanoides)
(16%, 2 329 trees ha™) is typical of Skriveri. Species
composition corresponds to the species listed in ash
clear-cuts in Lithuania, only the cover was different:
birch (in Lithuania — 32.9%), grey alder (32.4%),
aspen (11.2%), elm (6.4%) and ash (4.3%, but
13 941 trees ha') (Lygis et al., 2014). The results
of this research indicated that pure ash stands are
not formed by means of natural regeneration, but in
both locations ash is maintained as an admixture
species. In research by Laivin$ and Mangele (2004)
it is foreseen that ash will be maintained in tree layer
as a permanent admixture only on average in 5% of
broad leaved forests. In Skriveri the same species
regenerate that dominate layer E3 (lime, elm), the
same correlation has also been observed in Lithuania
(Lygis et al., 2014). Whereas in Bervircava, where
the dominant species is ash, undergrowth species
regenerate - hazel (Corylus avellana) and bird
cherry (Padus avium), indicating the beginning of a
pronounced process of shrub overgrowth.

In Skriveri three species were dominant in
undergrowth: cherry (39%, 1 071 trees ha'), hazel
(33%, 914 trees ha') and fly honeysuckle (Lonicera
xylosteum) (21%, 586 trees ha'), but in Bérvircava -

Sorbus aucuparia
Cornus sanguined
Lonicera xylosteum
Coryius avellana

cherry (63%, 12 433 trees ha!) and hazel (20%, 3 945
trees ha') (Figure 4). Although hazel is considered a
valuable ash forest species (Loidi, 2004), together with
cherry they comprised more than 50% of all species
composition in both areas, thus leaving little room
for growth to other species. The correlation indicated
that as the shrub layer cover increases, the density of
new ash trees decreases, but statistically it was not
significant. Research carried out in Denmark (Bakys
et al., 2013) showed that there is greater degree of
ash damage in thinned stands, but it is not correlated
with ash tree density. In the present research, identical
results were obtained, although in Skriveri it was
found out that a higher degree of damage (class 2)
can be established in stands with denser shrub cover
(Figure 5), in several plots, the degree of damage
reached class 3 and 4 in units with greater ash density,
but the correlation was not significant. On average,
the degree of damage was lower than indicated in
the Lithuanian research (Lygis et al., 2014), because
80.8% were rated as class 1,while in Lithuania only
29.3% were considered visually healthy (Lygis et al.,
2014). 1t could not be established that the degree of
ash damage is significantly influenced by ash cover
in the tree layer, but in stands with greater ash cover,
more often a higher regeneration growth degree of
damage was found.

GLM analysis showed that statistically the new
ash advance regeneration degree of damage does not
differ significantly among forest types. The lowest
new ash advance regeneration’s degree of damage
was established in Mercurialiosa mel. forest site type
(p=1.26E-05), where it was not higher than class 1 in
any of the units. The highest degree of damage was
established in Dryopteriosa forest site type (most
often class 2). Although there is no united opinion in
Europe on whether there is a correlation between ash
degree of damage and the ecological conditions in the

Padus avium

Betula pendula
Alnus glutinosa
Quercus robur
Picea abies
Populus tremula
Acer platanoides
Tilia cordata
Fraxinus excelsior

Bérvircava W Skriveri

Alnus incana
Ulmus glabra
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Figure 4. Species composition in advance regeneration and undergrowth.
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Figure 5. Ash degree of damage depending
on shrub layer density in Skriveri.

locations (Bakys et al., 2013), this research shows that
there is a higher degree of damage by H. fraxineus
in moist circumstances than indicated in A. Gross’s
research (Gross et al., 2014).

According to the basic criteria for GRFs, the
Skriveri plots corresponded to higher quality classes.
In both locations ash regeneration density was
statistically significantly influenced by the total canopy
cover (p = 0.02, t = 0.16) confirming that ash during
its first years of life is ombrophile (Dobrowolska et
al., 2008). In research by R. Harmer et al. (2005)
it was concluded that the number of ash seedlings
was positively related to the number of parent trees,
which was also confirmed during this research (p =
0.001, T = 0.22). The number of ash trees in any of
the regions was not influenced by DCA1 variable grey
alder/ aspen (p>0.05), but it negatively influenced
the number of spruce in layers E3 and E2. It was
more pronounced in Bérvircava (p = 0.02, T = -0.2),
confirming that spruce in Latvia is not recommended
as an ash satellite species because it decreases soil
productivity and creates a strong root system which
outcompetes ash (Sakss, 1997). Ash regeneration was
strongly influenced by the number of broad leaved
species in layer E3 (p = 0.005, T = 0.21) emphasizing
the importance of mixed stands (Ahlberg, 2014).

The PCA of all criteria showed that without
GRF basic criteria ash stand variation is also well
characterized by spruce cover in layers E3 and E2, the
total cover of layer 2 and undergrowth layer, DCAL,
the number of broad leaved species in layer E3 and
other criteria (Figure 3). However, the correlations of
these variables with ash regeneration density indicated
that DCA1 and the number of broad leaved species do
not have a significant impact. Evaluating all criteria
(Table 1) better forest condition was found in Skriveri,
where 50% of units were rated with the quality class
3 and there were no evaluations of the lowest class 5
(Figure 6). In Bervircava, 19% units were rated with
class 5 and a relatively similar number of units were
rated with class 3 and 4. In several units ash trees have
not been maintained neither in layer E3 nor layer E2.

60

" B Skriveri ™ Beérvircava
E
2 40
= 20
o
O\o I
o L
1 2 3 4 5
Quality class

Figure 6. Ash GRF quality evaluation in classes.

In both GRFs, the new ash is mostly young and it is
difficult to foresee its further development as well as
changes in the evaluation of stands.

Conclusions

1. In the beginning, 12 quality indicators were set
for GRF quality evaluation, out of which during
the research only 9 were recognized as significant,
3 of them (ash projective cover in canopy and
midstorey, ash regeneration density) are considered
primary, others have a secondary importance.

2. In the majority of stands, ash is not the dominant
species anymore, but a statistically significant
correlation remains, namely, ash regenerate best
in stands with greater ash projective cover in the
canopy, although the number of specimens is
comparatively small (2000 trees ha' in Skriveri,
400 trees ha! in Bérvircava).

3. In stands where ash was the dominant species
prior to ash dieback, intense shrub overgrowth
has started, indicating that change of species is
significantly influenced by dominant tree layer
species which is typical of F. excelsior stands.

4. Ash stand destruction in both regions developed
differently. Although ash is better maintained in
Bérvircava, the overall state of GRF stands was
recognized as worse there, and 19% of units do not
comply with GRF criteria anymore.
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Abstract

The emergence of human-induced edges in forested landscapes has caused major threat for the existence of habitat
specialists. Woodland key habitat (WKH) concept has been created in the Baltic and Fennoscandian forests to
preserve small forest parcels with a high biodiversity value in the production forests. In this study we investigated
the occurrence of epiphytic lichen indicator species in black alder WKHs in Southern Latvia. In total 30 black alder
WKHs with age of 84 to 129 years were chosen for analysis including stands adjacent to young, middle—aged and
mature stands. Sample plots were placed at three distances from the forest edge. Our results indicate significant
differences in number of species per sample plots adjacent to stands of different age. Lichen indicator species were
considerably more common in habitats adjacent to mature forest stands and further (40-50 m) from the edge. From
four lichen indicator species found in this study, sample plots adjacent to young stands hosted only two species. We
argue that the indicator species response to human—induced edges is species specific and some of them are resistant

to microclimatic changes near the edges.

Key words: Edge effects, epiphytic lichens, woodland key habitats, indicator species, black alder.

Introduction
During the last centuries European forest
landscape has changed from mostly natural

conditions of forest growth to the dominance of
production forests (Kuuluvainen, 2009; Lofman
and Kouki, 2001; Vanbergen et al., 2005). In the
21% century, the majority of forests are affected by
intensive silvicultural practices and only few areas
of production forest are left intact (Timonen et al.,
2010). Intensive silvicultural practices and logging
have caused landscape fragmentation and changed
the forest structural composition, and reduced the
presence of forest—dwelling species in the Baltic and
Fennoscandian forests (Hanski, 2005). Landscape
fragmentation and habitat depletion has been defined
as a major threat for biodiversity in forest ecosystems
(Aune etal., 2005). For instance, habitat fragmentation
decreases the patch size and core habitat for species,
decreases the connectivity and increases the edge
effects (Laurance et al., 2008). It is known that large
part of forestry practices are negatively influenced by
edge effects (Harper et al., 2005) and therefore the
effects of human-induced edges in forest landscape
have been widely studied during the last decades
(Murcia, 1995; Ries et al., 2004; Aune et al., 2005;
Laurance et al., 2008; Baker et al., 2013). Most of such
studies have focused on the gradient from the edge to
forest interior or have dealt with the comparisons of
focal species abundance, diversity, growth rate and
occurrence between managed and old—growth forest
stands (Chen et al., 1993; Hylander 2005). Human—
induced edges influence the environment in forest
parcels due to changes in biotic and abiotic conditions
and many taxonomic groups are responding to these
changes (Ries et al., 2004). Some species are adapted
to new conditions following the formation of human-

induced edges, while others are responding negatively
to changes in microclimatic conditions (e.g. increased
exposure to sunlight and wind) and altered species
interactions (Murcia, 1995). For instance, many
studies revealed that epiphytic lichens (Esseen and
Renhorn, 1998; Moen and Jonsson, 2003), bryophytes
and herbaceous plants (Jules, 1998) are responding
negatively to human-induced forest edges and their
abundance is considerably lower than in the forest
interior. Conversely, only few studies suggest that
lichens and bryophytes respond positively to forest
edges (e.g. Caruso et al., 2011).

Lichens are key elements of biodiversity in boreal
and temperate forest ecosystems (Gilbert, 2000). In
hemiboreal forests, south and south—west expositions
have been used for the estimation of microclimatic
changes in assessing edge effects (Aune et al., 2005).
We investigated the influence of edge effects from
south and south—-west facing edges on indicator
species of epiphytic lichens in black alder woodland
key habitats. Woodland key habitats (WKHs) are
small forest parcels in production forest which are
particularly important for maintaining biodiversity
at the landscape level (Timonen et al., 2010), but
they are strongly influenced by forestry actions in
adjacent stands. Indicator species have been used as
a component for determination WKHs in the Baltic
and Fennoscandian forests (Straupe and Donis, 2008).
In addition, the presence of indicator species should
be correlated with red—listed species in WKHs. These
species in WKHs are vascular plants, epiphytic lichens
and bryophytes (Ek et al., 2002).

The human-induced edges reduce the forest
interior area and affect species of both mature and
young forest stands (Murcia, 1995). It is known
that edge effects could be more crucial for species
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persistence than the isolation or habitat loss (Moen
and Jonsson, 2003). For instance, lower colonization
rate of epiphytic lichens has been found closer to
habitat edges (Hilmo and Holien, 2002).

The aim of this study was to test edge effects on
indicator species of epiphytic lichens in black alder
WKHs. Further, we hypothesize that the distance from
edge to forest interior affects the presence of epiphytic
lichens. We also tested the influence of adjacent forest
in different age stages on the occurrence of epiphytic
lichens in black alder WKHs.

Materials and Methods

Figure 1. Location of the study sites.

Latvia falls into hemiboreal vegetation zone
(Sjors, 1963). The studied sites were located in
Southern Latvia, particularly in Ozolnieki and Jelgava
municipalities (Fig. 1) with elevation ranging from
0 to 20 m a.s.l. The average temperature is —5.3 °C
in January and 17 °C in July and the mean annual
precipitation reaches 667 mm (www.meteo.lv). This
region is dominated by agricultural lands, the forest
covers approximately 20% of area and it is dominated
by mixed coniferous—deciduous tree species. Major
tree species are Scots pine Pinus sylvestris L., Norway
spruce Picea abies (L.) H. Karst., birch species Betula
pendula Roth. and Betula pubescens Ehrh., grey
alder Alnus incana (L.) Moench., black alder Alnus
glutinosa (L.) Gaertn. (State Forest Service, 2008).
Other species occurred sparsely. This forest region
is dominated by the production forest and only small
forest parcels (WKHs) are excluded from silvicultural
practices. The study sites represented black alder
WKHs with age of 84-129 years. All studied stands
were semi—natural, located in close proximity to each
other and had been managed in a similar manner. The
evident influence of silvicultural practices of forests
within existing WKHs likely consisted of thinning;
forest drainage; few of them are located nearby forest
roads. In total 30 sites were chosen for analysis. The
study sites were established in three forest types:
Dryopterioso—caricosa, Filipendulosa and Oxalidosa
turf. mel. were dominated by Alnus glutinosa.

Woodland key habitat

_ 0-10 m

Adjacent forest stand

Figure 2. Schematic design of sample plots in
relation to habitat edge.

During the vegetation season of 2013 a string of
permanent sample plots was established in each WKH
from the stand edge into forest interior (from S or
SW side) to describe the gradient (Fig. 2). The size of
sample plots was 20x50 m and each plot was divided
into three zones with distances from edge 0—10 m, 20—
30 m and 40-50 m (each zone was area of 200 m?).
Plots representing edges with S or S-W exposition
were chosen: 10 with clearcut and young stand, 10
with middle-aged and 10 with mature stands (Fig. 2).
We tested in each zone for the occurrence of lichen
indicator species on randomly chosen black alder trees
at the height of 0.5 m and 1.5 m from the ground.

The number of epiphytic lichen indicator species
for the distance from edge and adjacent forest
categories were tested for normality with the Shapiro—
Wilk test. Non—parametric Kruskal-Wallis rank sum
test was used to test the significance between groups
and distances from the edge. We carried out pair—
wise comparisons between the adjacent forest stands
and distances from edge to interior using Wilcoxon
signed rank test with Bonferroni adjusted p-values
(at confidence level p=0.05). All statistical analyses
were performed in R 3.1.1 (R development core team,
2013).

Results and Discussion
Species composition

In total four crustose lichens indicator species
were found in the studied black alder WKHs. Three
of them were especially protected species in Latvia
(Arthonia leucopellea (Ach.) Almg, Arthonia
spadicea Leight. and Arthonia vinosa Leight.), and
one — common species Graphis scripta (L.) Ach. Two
species were found in the study sites with adjacent
young forests stands and four species were found in
sites with adjacent mature forest stands. The richness
of lichen indicator species was differed between none
of species to two species in sites with adjacent young

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2 45



Liga Liepa, Inga Straupe

EDGE EFFECTS ON EPIPHYTIC
LICHENS IN UNMANAGED BLACK
ALDER STANDS IN SOUTHERN LATVIA

Distance from edge (m)

Graphis scriptt. RN m40-50
] §20-30
00-10
Arthonia spadicea RIITTRIMTTTITHTIHNTRNY
Arthonia leucopellea
Arthonia vinosa A
0 2 6 8 10
Graphis scripfa - IIIMIHHIMTTHHHITMITTNY
Arthonia spadicea RTTIIIITIIHTHETRITHTHRRTY
Arthonia leucopellea
Arthonia vinosa B
0o s 5w

Graphis seripta

Arthonia spadicea

A T T R Y

Arthonia leucopellea

Arthonia vinosa

6 8 10

Number of occurences

Figure 3. Edge effects on the number of lichen species occurrence in WKHs with
adjacent young forest stands (A), middle—aged forest stands (B) or mature forests (C).

stands, and from none to three indicator species in
sites with adjacent middle—aged stands and from one
to four species in sites with adjacent mature forests.
The epiphytic lichens were affected by the distance
from the forest edge and by adjacent young forests.
Compared with adjacent mature forests, the number of
observed species was lower in sites adjacent to young
forest (Fig. 3). At least some epiphytic indicators
(A. spadicea and G. scripta) are able to colonize
and survive in habitats near edges (Fig. 3). This is
explained by the fact that certain indicator species are
more resistant to microclimatic changes and respond
positively to edge effects. For instance, Hylander
(2009) did not find any edge effects on ground-living
bryophytes. This is in contrast with our study, which

shows significant influence from adjacent forest. Our
study also showed that more species are found with
increasing distance from the edge (40-50 m).

Effects of distance from edge and stand age of adjacent
forests on species occurrence

Our results show that indicator species occupancy
increased with the distance from the edge into
the forest interior (Fig. 4). There were significant
differences between the number of indicator species
in different groups of adjacent forests (p=0.001).
Furthermore, we found that the number of epiphytic
lichen species differed significantly in habitats
adjacent to mature forests between distances 0-10
m and 40-50 m (p=0.03). Lower number of species
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Figure 4. Edge effects on species composition in black alder WKHs with different
groups of adjacent forests and the distance from forest edge to interior.
Error bars indicate standart deviation (SD).

was found from the edge and highest number (n=4)
was found from distance 40-50 m from the habitat
edge. Previous studies indicated that edge effects are
gradually decreasing with increasing distance from
the edge (e.g. Murcia, 1995). It has been reported that
WKHs due to their small size (avarage from 0.5-2.5
ha) are strongly influnced by edge effects (Aune et
al., 2005). In addition, edge effects are induced by the
changes in abiotic and biotic conditions, which may
negatively affected lichen abundance (Esseen and
Renhorn, 1998). Some studies also argued that WKHs
have a lack of core area and entire stand is influenced
by the edge effects (e.g. Aune et al., 2005).

The occurrence patterns of indicator species in
our study were affected by the age of adjacent forest.
Significant differences were found in a number of
species in habitats between forest stands adjacent to
young and middle—aged (p=0.0004) and young and
mature forests (p=0.0006). All four epiphytic indicator
species were found in habitats with adjacent mature
forests (Fig. 4). One study demonstrated (Mancke and
Gavin, 2000) that in fragmented landscape multiple
edge effects could be stronger than one side edge
influences. In highly fragmented forest areas, the
greater tree mortality near clear—cut edges are from
windthrow (Harper et al., 2005), which also caused
the lack of the substrate for epiphytic lichen species.
Edge effects on large forest remnants with adjacent
clear-cuts could reach 10-25 m, but in scattered forest
parcels up to 60 m (Mascartia Lopez et al., 2000).
To reduce the impact of edge effects and preserve
forest—dwelling species, the creation of wider buffer
zones are essential. We show that some of indicator
lichen species are able to survive near the forest edges

with young adjacent forest. As we hypothesized, the
adjacent forest age stages and recent forestry practices
also influenced indicator species presence in WKHs.
Some indicator species could occur near the edges of
adjacent forests of clear-cuts and young forests where
particular contrasts in microclimate occurred from
south—facing edges. Studies investigating the presence
of epiphytic lichens and bryphytes have showed an
association with old—growth or late successional stage
forests (Hedenas and Ericson, 2003). The main results
from this study illustrated that the occurrence of
indicator lichens could be influenced by the condition
of adjacent forest stands.

Conclusions

Our results also show that the preservation of
small forest parcels as woodland key habitats could
be an efficient conservation tool in production forest
landscapes with even—aged stands. In addition, changes
in microclimatic conditions could also be crucial for
sensitive epiphytic lichen species. The consideration
of buffer zones or retention tree line from south—facing
edges are also important to considered. In addition,
other biological factors also influenced the persistence
of indicator species on black alder trees. Further
studies are needed to investigate the interactions
between the occurrences of other lichens species, for
instance, Lepraria spp. occurrence on black alder
tree stems with the absence of epiphytic indicators.
These additional factors have to be taken into account
when estimating the colonization of indicator species
in black alder WKHs. The persistence of edge effect
studies on WKHs is important considering forestry
practices planned in adjacent stands.
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Abstract

Grey alder stands Alnus incana (L.) Moench have a number of distinctive features. In fertile soils it successfully
forms productive forest stands without any human intervention. Therefore, relatively few publications can be found
on the thinning effects on stand reaction after thinning. It is possible that due to the highly intensive circulation of
substances in the ecosystems of grey alder (high photosynthesis and canopy thinning, withering and breaking off of
the lower branches, litter decomposition within a few years, thereby ensuring a continuous and stable plant mineral
nutrition substance complementarity in the soil) response reaction of the remaining trees and management of grey
alder forest stands could be different comparing to other tree species. The study analyses stock volume additional
increment dynamics during 10-year period after the thinning in 24-year-old grey alder pure stands in Aegopodiosa
site type. Thinning of grey alder forest stands have caused a moderate positive reference reaction — during 10 years,
in addition to the total increase, 3.17 m® ha™' have been added. During the valuation interval response reaction differs
among the years. In the first four years it is relatively small as accumulation of the growing potential is taking place.
From the fifth to seventh year after felling an intensive growing takes place, which results in repeatedly additional
annual increment. Starting from the eighth year, the trees show tendency to return to a steady state as it was before

the thinning.

Key words: grey alder, effect of thinning, additional volume increment, Aegopodiosa site type.

Introduction

Thinning is always such a radical intervention in
any forest stand that its effect persists for years after
the thinning (Liepa and Zalkalns, 2014). The nature
and intensity of the impact depends on a wide variety
of conditions. So during the long stand thinning
history numerous studies have been done to find an
environmentally substantiated and economically
advantageous way of thinning (Zviedris et al., 1961).
The criterion for comparing of different study results is
the state of health and productivity changes of thinned
stands (Eberts, 1996; Zalitis, 2010). There is no doubt
that the thinning should not become a risk factor of
explosion of tree diseases, such as root rot or enhanced
proliferation of pests, for example a massive invasion
of needles consumers. No less important is to increase
or at least keep the pre-thinning timber productivity.
This is being substantially dependent on the tending
intensity (Antanaiituc u ap., 1986). Experience has
shown that the selection of inappropriate thinning
efficiency criteria, such as the annual tree ring width
change after the thinning can lead to, although
scientifically based, over-rarefying of the stands. In
this case, the width of tree ring annual increase cannot
compensate for the increase of the thinned trees,
thereby resulting in the decrease of the productivity of
the remaining forest stand. For the most tree species
this problem has been identified and partially solved
by the development of thinning regulations (Donis et
al., 2012).

The situation is different with the grey alder Alnus
incana (L.) Moench stands management research.
As a reason two considerations can be mentioned —
wood of grey alder is with relatively low assessment

comparing to other tree species, as well as grey
alder biological characteristics. The use of wood
depends on the physical and mechanical properties,
chemical composition, dimensions of the derived
wood products, wood defects and other factors.
According to these conditions, grey alder wood is
mainly used in containers, wood fibre and board
industry, lathing, charcoal, firewood, meat and fish
smoking (Daugavietis, 2006). New opportunities
for the use of grey alder can be given for renewable
energy production. This tree species is quite suitable
for use in heat energy industry because of its
outstanding fast growth, high biomass productivity,
easy afforestation and foster regeneration as well as
wide occurrence. Latvia has a considerable amount of
grey alder resources. This refers to both the forest and
in particular abandoned agricultural lands occupied
area as well as to the stock volume and the amount of
the biomass (Miezite, 2008; Daugavietis et al., 2009;
Miezite et al., 2011). According to the State Forest
Service data (Meza statistikas..., 2014), the total arca
of grey alder stands in Latvia is 210,704.5 hectares
with a total volume stock of 30,305,201 m?, which
is an important alternative for energy production.
Especially important is the fact that grey alder mostly
regenerates naturally in fertile forest site types and in
uncultivated agricultural land forms healthy young
stands. Reasonable use of these properties of grey
alder allows the forest owner to avoid the expenditure
for the planting and reproductive material, focusing
more on further forest pre-commercial thinning. In
dry and sandy soils feasible is planting of the grey
alder too (Rokjanis, 1957). Economic significance of
the grey alder is not yet sufficiently identified. Over

50 RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2



GREY ALDER ALNUS INCANA (L.) MOENCH
ADDITIONAL GROWTH CHANGES AFTER
THINNING IN AEGOPODIOSA SITE TYPE

Olga Miezite, Imants Liepa,
Arnita Sereiko, Solveiga Luguza

time, the treatment of this tree species has changed in
a very wide range from hopeful suggestions on wood
plasticizing (Kérki, 1999; Ziverts, 2008; Morozovs,
2008) and ending with the calling the grey alder a
forest weed, whose admixture impacts negatively the
target species such as Scots pine and Norway spruce,
reducing their productivity and quality. Because
of this, even the regulatory guidance materials
recommended to exclude the grey alder from conifer
stands (Noradijumi par..., 1993).

It should be emphasized that considerably more
than the practical use of grey alder wood, ecological
role of grey alder in forest ecosystem is especially
high. This is a tree species that improves the growth
conditions for the more commercially valuable tree
species (Indriksons, 2006). It is convincingly proved
that the grey alder increases soil fertility, reducing
the acidity of the soil and improving its structure,
aeration, plant nutrient substance attraction (nitrogen),
soft humus and mycorrhiza formation, as well as
increasing the tree resistance to root rot infection
(Gaitnieks et al., 2000; Rytter, 1996). However, despite
the many irreplaceable grey alder characteristics, in
forestry practice this tree species remained outside
the forest managers’ attention. In general, it can be
said that so far grey alder stands have been left to
grow wild, paying attention just to cutting in clear
felling. It is evidenced by the forest statistics (Meza
statistikas..., 2014), describing the activities in forest
and their intensity in different tree species stands.
Grey alder even does not have a defined final cutting
age, leaving all the rights of the cutting decision to
the forest owner (Meza likums, 2000). Regeneration
of these stands with the same tree species — grey alder
- last year reached just 5,309 ha or 13.1%. In addition,
in the majority of cases (99.9%) regeneration occurs
naturally and does not require any effort and expense
from forest owner or legal manager.

A similar attitude has been observed in thinning
of grey alder stands. For example, in year 2013 in the
whole 1,641.9 ha of grey alder stands thinned were
33,710 m? or 20.53 m? ha'. Perhaps this is due to
the indifferent attitude observed in practice — in the
fertile soils grey alder appears naturally and forms
productive stands without any human intervention. At
least according to the thinning of stands, the following
considerations should be evaluated and empirically
verifiable. Grey alder usually forms sparse stands
where individual tree crowns relatively undisturb one
another to receive the necessary amount of light for
photosynthesis. Where illumination decreases below
the critical level, the thinnest branches, particularly
the lower part of the crown, quickly die and break
off together with leaves supplementing the litter
layer. This process is continuous from year to year.
Comparing to other species more important for

forestry is the fact that grey alder litter decomposes in
a year or two, constantly adding nutrients to the soil.
Such substances and energy cycle ensure sustainable
and balanced tree supply with the existence resources.
Therefore, the annual increment in the unthinned
grey alder stands is high and stable. The situation
can be changed radically after the first thinning.
Canopy thinning gives an opportunity to increase
the capability of light influx, which leads to the
loss of some small branches. Therefore, the annual
amount of litter in the coming years after thinning
substantially reduces. On the other hand, litter in the
grey alder stands decomposes so quickly that it is
often most drained by surface runoff or filter in deeper
soil horizons. Consequently, it partly suspends the
previous steady nutrient flow to the roots of the trees,
which is a reason for the stand productivity decline.
How long and strong is the influence? Is the long-term
stand additional volume increase able to compensate
the loss of the increment connected with the cutting
of the part of the trees during the thinning? These and
other issues are explained in this study evaluating
the results of thinning in grey alder 24-year-old pure
stands in the site type Aegopodiosa. The aim of the
research is to analyse grey alder additional growth
changes after thinning in Aegopodiosa site type. This
work is a continuation of the authors’ previous study
of the productivity and rational management of grey
alder stands in the site type Aegopodiosa (Miezite et
al., 2011).

Materials and Methods

Collection of empirical materials was carried out
in two pure stands of grey alder in Aegopodiosa site
type arranging 0.12 ha plot in each stand. In one of
these stands in the year 2002 the thinning was done,
in the other one — control stand was left undisturbed.
Edaphic and phytocenotic situation in both stands was
similar. Characteristics of the thinned stand: location
coordinates X:466335 Y:6293276 (private farm
Spulles); stand area 1.0 ha; species composition —
100% grey alder; age - 34 years; site index class I; stand
density 0.8; stand average tree diameter was 18.0 cm;
average height - 17.0 m; basal area 23.0 m? ha''; stock
volume 189 m* ha!. The control stand characteristics:
location coordinates X:467685 Y:6290835 (private
farm Medni); stand area 1.7 ha; species composition
— 100% grey alder; age - 38 years; site index class
I; stand density 0.8; stand average tree diameter was
16.0 cm; average height - 17.0 m; basal area 22.0 m?
ha!; stock volume 185 m® ha'. In both stands soil
characteristics is typical to Aegopodiosa site type - sod
calcareous soil with a neutral reaction. In both stands
the undergrowth Picea abies (L.) H. Karst, Betula
pendula Roth, Quercus robur L., Fraxinus excelsior
L. and Acer platanoides L. are represented, but Padus
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Figure 1. Dynamics of the cumulative additional tree volume increment during 10 years
after the thinning in grey alder stands in Aegopodiosa site type.

avium Mill., Corylus avellana L., Sorbus aucuparia
L. are presented in understory, and ground vegetation
consists of Oxalis acetosella L., Paris quadrifolia
L., Aegopodium podagraria L., Urtica dioica L. and
Anemone nemorosa L.

Field works were implemented in October
2012. In each sample plot the diameters of all trees
were measured at 1.3 m above the root collar;
using ordinary dial calliper (accuracy 0.1 cm) and
hypsometer SUUNTO the height of 25 trees (reading
accuracy of each measurement - 0.5 m) was measured.
In thinned stand using M. Pressler’s auger 21 wood
samples were collected. In turn, in the control stand 50
wood samples were collected. Drilling was conducted
at a breast height, selection of sampled trees - random.
Drilling depth was up to core, drilling direction -
perpendicular to the growth axis of the trunk. Each
core was put in separate straw thus preventing from
breakage and drying before reaching the laboratory.

The last 20 tree ring widths of each core were
measured in the laboratory with accuracy 0.01
mm using measuring table with Lin TAB system
microscope and T-Tools Pro software. Before the
measuring all cores were abraded and stained using
dilute iodine solution for better differentiation of ring
borders.

The dendrometric parameters of both stands are
calculated using forest inventory methods (Liepa,
1996). To avoid misunderstanding, it should be
added that the forest stand average diameter was
calculated as geometric mean using all tree diameter
measurements and the mean height - as a function of
the average diameter trend line. Response reaction
after thinning was evaluated assessing the additional

tree volume increment (Liepa and Zalkalns, 2014).
Both the cumulative and the current (average
periodical) additional tree volume increment are
calculated. Dynamics of both kinds of additional
increment are tracked for 10-year long period after
thinning —starting from the year 2003 up to year 2012.
Descriptive statistics is used for the data analysis
(0=0.05).

Results and Discussion

Timber volume additional increment is that part
of the tree or tree cluster (e.g. forest stand) increment
which can be explained by the researched factor. This
indicator is free from that part of increment which
in a given time period should be formed without
this effect. This is very important because it avoids
a distorted reflection of the impact of the annually
fluctuating environmental impact. Additional impact
is perceived being positive if the researched influence
improves the wood formation conditions and negative
- if it worsens it.

It should be underlined that additional cumulative
increment expresses the yield accumulation during the
whole researched interval. Therefore, the figure of this
parameter (Fig. 1.) represents the equalized dynamics
of the investigated factor.

By contrast, the annual additional increment
characterises the factor’s impact annual fluctuations
(Fig. 2), because of that this indicator is perfect for
the meteorological analysis of the stand productivity
changes (Liepa, 1996).

Both images show that the response reaction of
grey alder to the stands thinning started immediately
after the thinning and trend is to continue throughout
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Figure 2. Dynamics of the annual additional tree volume increment during 10 years after
the thinning in grey alder stands in Aegopodiosa site type.

all the evaluation interval (Fig. 1.). However, over
the years there are distinct differences. Especially
well it can be seen in the graph that shows annual
additional increase (Fig. 2.). During the first four
years, after thinning it is minimal and detectable
only by scrupulous measurements and calculations.
However, unlike a similar situation in coniferous
stands where after-thinning stress in the first two or
three years results in the stand productivity decline
(JIuemna, 1980), in the researched grey alder stands
negative additional increment is not observed.
Apparently, in Aegopodiosa site type grey alder forest
the stand adaptation to dramatically different growing
conditions, which occur after thinning, is less tense,
because of great amount of nutrients accumulated
in the soil before. Impetuous increase of additional
increment growth begins in the fifth year after the
thinning and continues for the next three years, and
then gradually decreases. The authors assume that the
base of such tree reaction course is decomposition of
felling residuals.

It is possible that grey alder stand requires at least
the first four years to thinning residues get mineralized
and released nutrients get involved in biomass
synthesis. In addition, intensive photosynthesis
regeneration happens during this period, when the
canopy of left trees grows and occupies the canopy
openings of felled trees. This gradually lifts up the tree
growth potential. It can be seen in the fifth year after
felling in our example. The potential runs out in three
years and in the eighth year the yield additional annual
increase indicates the trend to return to the steady state

of stand as it was prior the thinning. The question
remains - how many years it would take to reach
balance and what will be the total effect of thinning
(additional cumulative stand volume increment)?

The analysis of other tree species stands thinning
effect shows that the reaction of the trees after thinning
is significantly dependent on the felling intensity
(Zalitis and Dubrovskis, 2002; Prindulis et al., 2013).
Unfortunately, this study cannot be ascertained for two
reasons. First, in the year 2002, during the thinning,
the measurements of felled trees height and diameter
were not performed, which excludes the possibility
to calculate the amount of stand volume. Second, the
dead organic matter decomposition was so intense that
in autumn of 2012 there were no stumps left of the
felled trees.

However, it is likely that thinning intensity was
moderate. This is suggested by fact that the previous
10 years, the researched stands have successfully
renewed the stand density what was before the
thinning. Using P. Muarniek’s yield tables for grey
alder stands (Sacenicks, Matuzanis, 1964), it is
found that in October 2012 stand density was 0.73.
Supporting that argument must be the fact that
the overall thinning effect of the researched stand
considered to be small — in 10 years the cumulative
additional increment affected by thinning is only 3.17
m? ha! stem yield, which significantly lags behind the
thinning effectiveness of other tree species stands. It
is possible that it is based on a number of causes, such
as grey alder stand specifics in the forest ecosystem
movement of substance or delayed thinning. The
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optimal age for thinning of this peculiar tree species
stands to raise the productivity of the forest land
could be up to 10 - 15 years. This conclusion, which
is quite topical for the private forest owners (around
95% grey alder stands in Latvia are owned by private
forest owners (Meza statistikas CD, 2014), should be
empirically approved continuing initiated series of
studies of grey alder ecosystems.

Conclusions

1. The thinning of grey alder forest stand in
Aegopodiosa site type has caused a positive
reference reaction which generally can be assessed

as moderate. Thinning effect over 10 years in
addition to the total increase have given only
3.17 m? ha'!, - comparing to other tree species it is
considered to be negligible.

. During the valuation interval response reaction

differs among the years. In the first four years it is
small, completing the canopy openings. From the
fifth to the seventh year after felling an intensive
growing takes place, which results in repeatedly
additional annual increment. Starting from the
eighth year, the trees show the tendency to return
to a steady state as it was before the thinning.
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Abstract

The tree growth compensation followed by insect damage is important for tree survival. Insect damage by making 3
and 6 holes per each leaf, and clipping one third of a leaf were simulated for one-year old silver birch (Betula pendula
Roth) seedlings once, at the beginning of the vegetation season. The height, aboveground and root biomass, root
length, stem diameter and leaf area were measured for all damaged and control seedlings. The aim of the study was
to examine the effects of different insect-damage simulations on silver birch growth.

Our study demonstrated that leaf dry mass decreased in response to leaf perforations and clipping one third of leaf.
However, at the end of the experiment, the cumulative dry mass reached the level of the control. We found no
statistically significant effect on the aboveground and total biomass of damaged seedlings compared to the control.
The leaf clipping decreased the leaf area and stem diameter compared both to the treatment with hole-damaged
seedlings and the control. The induced birch growth response showed that tree seedlings were able to compensate

their growth up to the control level after the insect damage in eight weeks.
Key words: Silver birch, seedling, leaf damage, growth compensation.

Introduction

The current research studies, based on the changing
environment with all upcoming consequences,
indicate that the increase of the insect herbivores
abundance could be expected (Jepsen et al., 2011;
Huttunen et al., 2013). Simultaneously, the changes
of insect-plant interactions may occur. Among a
variety of insect species, approximately two thirds of
all known herbivorous insect species are leaf-eating
beetles (Coleoptera) or caterpillars (Lepidoptera)
(Schoonhoven et al., 1998). In turn, insects use
various feeding strategies to obtain nutrients from
aboveground and belowground plant compartments
(Howe and Jander, 2008). This biotic stressor may
damage plant tissue and disrupt tissue with varying
intensities. Generally, insect-caused damage reduces
the total leaf area of the plant. As a consequence, the
changes in photosynthetic activity could be expected
and the decrease in height and diameter increment,
also lower mass production, could occur (Schat
and Blossey, 2005; Huttunen et al., 2007). Surveys,
such as that conducted by Byington et al. (1994) and
Stevens et al. (2008), have shown that individual tree
response depends both, on the internal features, time
required for plant recovery and growth potential and
on the type, duration and intensity of insect damage.

During the last three decades, a number of studies
have shown different growth responses to insect
damage: plant biomass of damaged plants decreased
after the damage event or it was to some extent
compensated by intensified growth of the remained
tissues (Lacery and Poolean, 1981; McNaughton,
1986; Oesterheld, 1992; Anten and Ackerly, 2001;
Ferraro and Oesterheld, 2002; Wise and Abrahamson,
2008). The compensation for insect-damaged trees
was identified by Osier and Lindroth (2004) and
Landhdusser and Lieffers (2012). The studies based

especially on the growth response of birch species
damaged by insects were conducted by Mutikainen
et al. (2000), Anttonen et al. (2002) and Huttunen
et al. (2013). The decrease of foliage changes the
partitioning between aboveground and root biomass,
i.e. decrease in root/shoot ratio could be indicated
(Oesterheld, 1992; Markkola et al., 2004).

Despite quite a lot above-mentioned published
issues, we have not succeeded to find any significantly
sound data of similar research in the Baltic region.
With caution, we state that this is the first attempt to
simulate such damage types in our climatic conditions
and to obtain their effects on tree growth. In the present
study, we examine the effects of different intensities
and types of insect-damage simulations on the growth
of the fast growing successional tree species - silver
birch - seedlings. We have raised the hypothesis that
the seedlings that are affected by insects grew better
than undamaged seedlings, even after damage.

Materials and Methods

This study was designed as a pot-cultivated
experiment and it was conducted in the central part of
Lithuania at the Dubrava Experimental and Training
Forest Enterprise. One-year old visually healthy Silver
birch (Betula pendula Roth) seedlings were used as
plant material. The birch seedlings of approximately
equal height were selected and planted into plastic
pots of 3 liters filled with the mixed peat and sand
soil on April 2, 2014. During the experiment, weed
control was carried out; birch seedlings were regularly
watered but never received any fertilizer. Three
different types of insect damage were simulated: (1)
three and (2) six perforations (0.33 cm?) per each leaf
using a steel hole-punch, and (3) clipping one-third
of each leaf using scissors, were simulated on June
17, 2014. The clipping treatment was used as largest
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damage aiming to simulate the completely different
damage type, i.e. when insects damage leaf tips. Non-
damaged seedlings were also set as control. Totally, 20
birch seedlings were set in each treatment.

At the end of the experiment, eight weeks post-
simulation, the following indices of each seedling
were assessed: (1) height; (2) total dry mass, including
leaf, stem, shoots and roots mass; (3) the diameter of
main stems at a 2 cm distance above the stump-base
using an electronic digital calliper; the length of main-
root and leaf area of three leaves, taken randomly from
each seedling per each treatment, using a scanner with
leaf area analysis software WinFOLIA 2004a (Regent
Instruments Inc., Quebec, Canada). All collected
samples were oven-dried at 60 °C and weighted.

The total biomass of each tree was calculated by
the summation of the aboveground and root dry mass,
in grams. The cumulative leaf, aboveground and total
dry mass was calculated by summing the dry mass
at harvest and the leaf mass removed during insect
damage simulations.

Root dry mass was expressed in relation to the
aboveground dry mass (root/shoot ratio), cumulative
leaf mass - in relation to root dry mass (cumulative
leaf mass/root mass ratio), and leaf dry mass — in
relation to the total biomass (leaf weight ratio).

The data was statistically analysed. First, the data
normality was checked by Lilliefors and Kolmogorov-
Smirnov tests, then the nonparametric Kruskal-
Wallis analysis of variance (ANOVA) test was used
to ascertain the significant differences in dry mass
between the control, 3 and 6 holes per leaf and clipped
one-third of leaf. The data presented in the text, tables
and figures are given as means with the standard error
of the mean. A level of significance of o = 0.05 was

chosen. Statistical analyses were conducted using the
software Statistica 7.0.

Results and Discussion

In order to clarify how the trees damaged by
insects respond to this stress, how they grow, what
increment could be expected in the future, the field
experiment with artificially perforated birch seedlings
was performed in the summer of 2014. The two types
of damage were examined: the first, the effect of 3 and
6 holes per each leaf, and, the second, the leaf clipping
effect.

Irrespective of insect damage type and intensity,
the mean leaf mass varied between 1.8+0.1 and
2.0+0.1 g per seedling, and these values were up to
15% lower than leaf mass in the control seedlings
(Fig. 1). When the cumulative leaf dry mass of the
silver birch seedlings was calculated, the significant
main effect on the leaf mass was found in the
seedlings with clipped leaves. Here, the greatest
mean cumulative leaf mass (2.5+0.1 g per seedling)
was recorded. As a point of comparison, the birch
seedlings that were subjected to the insect holes did
not change their cumulative mass and it varied in the
range similar to the control (Fig. 1).

Except for leaf dry mass, no statistically
significant effect on other aboveground biomass
compartments (shoot, stem) were obtained after
insect damage simulation. The mean values of stem
mass varied in a range between 3.6+0.1 (clipped 1/3
of leaf) and 4.1+0.2 g (control) per seedling, with a
slight reduction moving from 3 to 6 holes, and further
to the clipped treatment (data not shown). Root dry
mass statistically non-significantly declined in the
following sequence: control > 3-holes > 6-holes

g 2.0 L] + {_ ;% Z/‘:
0 154 é é
1.0 é é

Control

3 holes per leaf 6 holes per leaf

Clipped one-
third of leaf

Figure 1. The comparison of leaf and cumulative (leaf mass at harvest plus leaf mass removed during
simulations) leaf dry mass of silver birch seedlings eight weeks post-simulations.
Note: One column for the Control shows the same value both for leaf and cumulative leaf mass.
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Figure 2. Impact of different insect damage on mean leaf area, stem diameter and length
of the main root of the silver birch seedlings eight weeks post-simulation.

= clipped 1/3 of leaf, and it amounted to 5.3+0.3;
4.9+0.3; 4.7+£0.3 and 4.84+0.3 g, respectively.

Rising step upwards, the differences between the
treatments disappeared in the aboveground biomass
measurement, without the interpretation of the
calculated total biomass. Total cumulative dry mass of
birch seedlings varied in a very narrow range between
11.2+0.5 and 12.0+0.7 g per seedling.

Most of the measurements, which were conducted
for the birch seedlings eight weeks post-simulation,
confirmed our earlier findings. The clipping of each
leaf per seeding induced the reduction of leaf area
and stem diameter compared both with the control
and hole-damaged seedlings (Fig. 2). However, the
estimated root length remained unaffected.

No significant response of 3-, 6-holes per leaf,
or clipped leaf treatment to the root/shoot ratio was
obtained (Fig. 3). However, the cumulative leaf
mass/root ratio increased toward a higher intensity
of the damage, i.e. clipped treatment was higher
than 6 holes, which, in turn, was higher than 3 holes.
Generally, the data showed an increase trend in all
estimates, compared to the control (Fig. 3). During our
experiment we were not able to sustain the Markkola
et al. (2004) finding that the root/shoot ratio decreased
as a response of insect damage. Probably, in our case,
the damage was not very significant.

Continuing discussion, we can state that until
the current decade, birch stands have not been well
evaluated in Lithuania because of economic reasons.

However, the situation has changed and, recently,
this tree species is one of the most promising,
which comprise over 22.4% of all stands (ME/SFS,
2014). Silver birch (Betula pendula Roth.) is more
common in Lithuanian forests. Mean defoliation of
birch trees in Lithuania during the last two decades
ranged between 16.2 and 23.0% and showed a very
slight trend of degradation (Araminien¢ et al., 2013).
According to the Forest statistics and our earlier
findings, the number of birch trees damaged by insects
comprises about 62% of biotic damage and almost
half of total birch damage (Araminien¢ et al., 2013;
Stakénas et al., 2013). Severe insect damage could
result in economic loss to birch plantations because it
may lead to enhanced loss of foliage and lower final
biomass. As it is already known from Hoogesteger
and Karlsson (1992), severe defoliation (more than
80% loss of foliage) reduces the annual ring width
considerably for one or more years.

Our results indicated that simulated insect damage
affected the growth and biomass of the studied silver
birch seedlings, and that the magnitude of the effect
depended on the damage intensity and type. Among
those silver birch seedlings that were damaged by holes
and clipped, it is typical that main effects occurred
in the birch foliage. It seems that the differences
disappeared when the total biomass was re-calculated.
No evident changes of stem, branches and root mass
compared with the control were obtained. Both tested
simulations of insect holes had similar effects on
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Figure 3. The comparison of the root / shoot and cumulative leaf / root mass ratios
(dry mass per each biomass compartment) in the silver birch seedlings eight
weeks after the insect-damage simulations.

seedlings; they both were less different than control,
compared with the clipped treatment.

As presumed in our hypothesis, we partly
confirmed the assertion that insect damage induced
to some extent a higher ability to regrow the lost
foliage. Some further assumption could be made,
as the recovery time during one vegetation season
possibly was too short. It is worth mentioning that
some of insects attack plants at different times of the
season. In this case, we were not able to demonstrate
the response of repetitive attacks.

Nevertheless, if we succeed to observe the
increased trend of cumulative biomass over very short
period, the longer time for regrowth should be even
more promising.

Conclusions

1. Despite the decrease of leaf dry mass in response
to leaf perforation with 3 and 6 holes, and leaf
clipping, the final cumulative dry mass amounted
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Abstract

Fire is a frequent disturbance in hemiboreal forests that in Latvia affects mostly Scots pine (Pinus Sylvestris L.)
stands. Increased forest fire risk is predicted in future as a result of climatic changes. Therefore the aim of our study
was to assess Scots pine regeneration after forest fire in different forest types and with different regeneration methods.
Tree height was measured and browsing damage assessed seven years after the forest fire in six different forest types,
where planting and natural regeneration (in a clearcut and without management) occurred in compartments randomly
selected from a list of stands severely affected by forest fire. The height of Scots pine was significantly affected
both by forest type and regeneration method. Notable advantages of planting based on tree height were found in wet
mineral soils and peat soils. Trees on poor (dry, wet, peat) soils were higher in natural regeneration after clearcut
than in natural regeneration without clearcut. The density of Scots pine trees was significantly affected by the forest
type but not by regeneration method (planting, natural regeneration, natural regeneration after the clearcut). The
most abundant tree species in natural regeneration after clearcut in all forest types was silver birch (Betula pendula
Roth.). The height of silver birch exceeded that of Scots pine in all analyzed soils in clearcut areas except Vaccinoso-
sphagnosa forest type, emphasizing the importance of thinning to ensure a successful development of Scots pine

stands.

Key words: natural regeneration, natural succession, salvage logging, browsing.

Introduction

Latvia is located in the northeastern part of Europe
in hemiboreal forest zone (Ahti et al., 1968) and 52%
of its area is covered by forests. Scots pine (Pinus
sylvestris L.) is the most common conifer species in
northern hemisphere (Nikolov and Helmisaari, 1992)
and, according to State Forest Service statistics,
dominates in 35% of the forest area in Latvia, mostly
on sandy and loamy automorphic soils (Cladinoso-
callunosa, Vacciniosa, Myrtillosa, Hylocomiosa forest
types), on sandy semihydromorphic soils (Callunoso-
sphagnosa, Vaccinoso-sphagnosa forest types) and on
poor peat soils (Shpagnosa, Caricoso-phragmitosa
forest types). According to data from the State Forest
Service, regeneration of Scots pine is mostly done
by planting, for example, in 2013 altogether 8507 ha
were regenerated by this tree species, from it 79% by
planting.

On average, in Latvia forest fire affects 1083 ha
of forest stands per year, 90% of it — Scots pine
dominated areas. Regeneration in post-fire areas is
affected by environmental factors which have been
altered by fire severity and intensity (Keeley, 2009)
and in most cases differ from those in the clearcut.
Post-fire areas are characterized by thinner soil humus
layers, higher pH and more available nutrients in soil
for plants (Simard et al., 2001). After a high intensity
forest fire soils aggregates lose their stability, therefore
enhancing soils degradation (Vacchiano et al., 2014).
Consequently, natural regeneration after the fire also
differs from that after the clearcut: broadleaved tree
species still dominate early stages of it, but transition

to dominance of coniferous trees takes place later
(Ilisson and Chen, 2009), 60-180 years after the
forest fire (Gauthier et al., 2010; Chen et al., 2014).
In contrast, no significant differences were found in
regeneration (diversity and productivity) 25-40 and
70-100 years after fire and harvesting in south-western
boreal forests in USA (Reich et al., 2001).

Natural regeneration can be severely impacted
by browsing damage, caused by cervids: tree
species preferred by these animals (like Scots pine
and trembling aspen (Populus tremula L.)) can be
outcompeted by less-browsed ones (Meza kulttru..,
1984), in this way changing the composition of the
stands.

Since the information on post-fire regeneration
in hemiboreal forests usually covers short time span
and only a single regeneration method, the aim of our
study was to assess Scots pine regeneration in different
forest types and with different regeneration methods.

Materials and Methods

The study was carried out in north-western part
of Latvia, in area that 10 000 years ago was a part
of the ancient Baltic Sea. Gradual receding of the sea
to its current coastline has created unique complexes
of dunes and depressions. Flat terrain hampers water
draining thus enhancing formation of wetlands and
marshes.

Forest fire occurred in the study area in 1992,
affecting mostly (98%) Scots pine dominated forests.
After forest fire in a part of the area salvage-logging
was carried out, creating a large clearcut. In this
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Table 1

Perspective Scots pines per ha in different regeneration methods and forest types

Forest type . Regeneration method
planting (P) natural (N) natural after clearcut (NC)
Cladinoso-callunosa (S) 8320* 3400 2280
Vacciniosa (Mr) 2720 5720 6280
Vaccinoso-sphagnosa (Mrs) 3520 10800 7640
Sphagnosa (Pv) 1800 3000 2520
Caricoso-phragmitosa (Nd) 4480 0 1720
Myrtilloso-sphagnosa (Dms) ok 1360 4800

*direct seeding; **- — No sampling plots

area Scots pine was planted with the initial stand
density of 5000 trees ha!, except on very poor sandy
soil, were direct seeding was used, creating 10000
seed beds per ha. The other part of the burned area
remained untouched, but in some parts small clearcuts
were created and skidding used to move logs to the
roadside. In both of these parts sites were left for
natural regeneration.

Study sites were selected only in the compartments
affected by stand-replacing fire (according to the
inventory after the fire). In each of the three groups
with different regeneration — planting (P), natural
regeneration after forest fire with no intervention
(N) and natural regeneration after clearcut (NC) —
compartments for the study were selected randomly
within each of the represented forest types.

To assess the regeneration seven years after the
fire, in each compartment at least four 25 m? sized
circular plots were placed systematically on the
longest diagonal of the compartment. The total plot
area per each compartment was at least 1.5% of its
total area. In each plot the height of all growing trees
(height > 10 cm) was measured with a metric rule
(cm). During the inventory trees were divided in
‘perspective’ — the highest Scots pines with the
distance > 50 cm between them — and ‘others’.

Damages caused by cervids were assessed using 4
grade scale:

1 — undamaged,

2 — leading shoot undamaged, lateral branches
damaged <25%;

3 — leading shoot damaged partly, lateral branches
damaged > 25%;

4 — leading shoot damaged heavily (two and more
times).

Climatic conditions in the study area are strongly
influenced by the Baltic Sea: climate is more maritime
in comparison to other regions of Latvia, characterized
by lower amplitudes of temperature, colder summers
and warmer winters. July is the warmest month of
the year with the average temperature from +16.4 to
+16.7 °C, the coldest month of the year is February
with the average temperature from -3.9 to - 4.7 °C.
The mean annual precipitation sum is 568 mm, which

is one of the lowest in the territory of Latvia according
to statistics of the Latvian Environment, Geology and
Meteorology Centre.

Shapiro-Wilk test for normality was applied and
ANOVA used to estimate the significance of observed
differences.

Results and Discussion

The density of perspective Scots pines per ha was
used to characterize regeneration in different forest
types (Table 1). The highest density of such trees
(10800 trees ha'') was observed in natural regeneration
without any human activity in Vaccinoso-sphagnosa
(Mrs) forest type, second highest — in Cladinoso-
callunosa (SI) forest type in post-fire area where the
direct seeding was applied: 8320 trees ha'. In general,
density of Scots pine was lower in the forest types
on wet poor peat soil (Sphagnosa (Pv), Caricoso-
phragmitosa (Nd)) and the highest (except one
case with direct seeding) — on wet poor mineral soil
(Mrs) in post-clearcut and post-burned areas which
regenerated naturally without human intervention; the
influence of forest type on this trait was statistically
significant (p<0.05). The density of perspective trees
in most cases was higher in naturally regenerated than
in planted sites, however, the influence of regeneration
method was not statistically significant (p>0.05).

The height of Scots pine was used to characterize
the growth (vitality) of trees (Fig. 1). Both forest
type and regeneration method had a significant
(p<0.05) influence on the height of trees. In natural
regeneration the highest pines were found on dry and
wet mineral soil (SI, Mr) and trees in all forest types
were higher in natural regeneration after the clearcut
than in post-fire area (except Dms). Planting seemed
to result in a slightly slower growth than natural
regeneration in forest types on dry mineral soil (SI,
Mr) but significantly better on wet mineral soils (Mrs)
and on peat soils (Pv, Nd) in post-fire areas.

Criteria of successful forest regeneration, as
defined in the legislation, are: at least 3000 trees ha’!
(of it at least 80% Scots pine), height > 0.1 m shall
be present in SI, Mr, Mrs and the same density of
Scots pines or, alternatively, at least 2000 broadleaved
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Figure 1. Height (cm) of perspective Scots pines in different forest types and regeneration methods
planting, natural, natural after clearcut, SI - Cladinoso-callunosa, Mr - Vacciniosa, Mrs - Vaccinoso-
sphagnosa, Pv - Sphagnosa, Nd - Caricoso-phragmitosa, Dms - Myrtilloso-sphagnosa forest types.

trees ha! (height > 0.2 m) in Nd, Dms and Pv (Meza
atjaunosanas.., 2012). Based on these criteria Scots
pine planting was successful (the density of perspective
trees exceeds 2400 per ha) in all forest types except Pv;
natural regeneration of this tree species — in all forest
types except Nd and Dms and natural regeneration
after the clearcut — in all except Sl, Nd, Ks. The
density and height of broadleaved trees (mainly Silver
birch (Betula Pendula Roth) fulfilled the requirements
for successful natural regeneration in Pv, Nd, Dms,
Ks. Supplemental planting of Scots pine is needed in
post-clearcut area in natural regeneration in Sl forest
type to ensure a successful forest regeneration.

According to our results, the density of Scots pine in
planted stands was lower than in naturally regenerated
ones (except in Nd), but direct seeding in Sl ensured
higher density than natural regeneration. Relatively
low density of natural regeneration in stands on peat
soils (Nd, Pv) can be the result of combination of
scarcity of suitable seedbeds and intense competition
by other tree species (that was minimized in planted
stands). The competition by other tree species have
been noted as an important factor also in other studies,
highlighting the importance of early management on
the growth of Scots pine (Xenakis et al., 2012). Also,
the density of Scots pines in Cladinoso-callunosa is
relatively low and the result contradicts the common
belief, that such conditions (poor sandy soil after
forest fire) are most suitable for natural regeneration
of this tree species. However, in Vacciniosa forest type
natural regeneration of Scots pine is notably more
successful.

The planted Scots pines were higher than naturally
regenerated ones (except in Mr) in post-fire areas. It
can be the result of tree breeding, ensuring improved
growth rate and a higher disease resistance (Jansons,
2012), combined with a higher vigour of planted trees
within the first years after planting due to better root
system and nutrient reserves (Mangalis, 2004). The
age structure of trees was not analysed in the study, but
could also be part of the explanation of the observed
tree height differences. Planting happened 1-2 years

later than the first natural regeneration, however, the
biological age of trees is assumed to be the same.
Still, the natural regeneration probably continued
for several years, therefore some of the seedlings in
natural regeneration could be younger than the planted
ones.

Astudy in Germany has demonstrated an improved
regeneration and growth of Scots pine after medium-
intensity forest fire in Oxalio-Myrtillo-Cultopinetum
sylvestris forest type (Hille and den Ouden, 2004).
In contrast, after high-intensity forest fire slower
growth of trees has been observed (Dzwonko et al.,
2015). It might be explained by the effect of fire on
soil characteristics (porosity, structure) and significant
reduction of nutrient availability, since notable amount
of organic carbon (Certini, 2005) in soil and alive or
dead biomass (Seedre et al., 2014) is consumed in the
fire.

Abundance of other tree species was assessed
in the study area to characterize the stand structure.
Data were collected only in naturally regenerated
stands where no thinning had been carried out
(Fig. 2). Besides Scots pine in these stands 8 other
tree and shrub species were growing: silver birch,
trembling aspen (Populus tremula L.), common alder
(Alnus glutinosa Gaerth.), goat willow (Salix caprea),
other willow (Salix) species, Norway spruce (Picea
abies L.), mountain ash (Sorbus aucuparia L.) and
glossy buckthorn (Frangula alnus Mill.). Natural
regeneration of tree species other than Scots pine were
notably and significantly denser after the clearcut than
in sites with no human intervention in post-fire area.
The highest density of other tree species was found
in forest types on wet (or drained) peat soil and wet
fertile mineral soil (Nd, Pv, Ks, Dms). In this group
of forest types the density of naturally regenerated
Scots pine after the clearcut was lowest, presumably
due to high competition. Only in Pv and Sl (poorest
soils) density of other tree species was similar in areas
with or without clearcutting. The lowest density of
other tree species was observed in Sl, Mr, Mrs where
the density of Scots pine was the highest (Table 1) in
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Figure 2. Total density trees ha!, depending on regeneration methods: A— natural regeneration after clearcut,
B- natural regeneration. Scots pine, silver birch trembling aspen and willows other tree species
S1 - Cladinoso-callunosa, Mr - Vacciniosa, Mrs - Vaccinoso-sphagnosa, Dms - Myrtilloso-sphagnosa,
Nd - Caricoso-phragmitosa, Pv - Sphagnosa, Ks — Myrtillosa turf.mel. forest types.

natural regeneration without clearcutting in SI, Mr and
Mrs density of Scots pine exceeded that of other tree
species.

Silver birch was the most abundant tree species in
natural regeneration in post-clearcut areas: its share
of the total number of trees was from 54.9% in Sl to
91.0% in Nd. Moreover, in all forest types with this
regeneration method silver birch was more abundant
than Scots pine (Fig. 2, A). Only in Sl forest type
the mean density of Scots pine was similar to that of
silver birch: 2280 and 3120 trees ha’!, respectively.
Moreover, Silver birch was higher than Scots pine
in all forest types (except in Mrs); height differences
were smaller in forest types on poor dry and wet
mineral soil, where differences in abundance between
pine and other tree species also were smallest: SI, Mr,
Mrs (Fig. 3). The mean height of birch in Ks, Nd, Pv,
Dms exceeded that of Scots pine by 52, 43, 28, 24 cm,
respectively, i.e. on average 0.5 times.

Similar to our results, the high density of
broadleaves, especially silver birch, after clearcutting
or natural disturbances has been found in numerous

100 —,
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50 —
40
30 —
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studies (Sarma, 1954; llisson and Chen, 2009;
Gauthier et al., 2010; Chen et al., 2014; Dzwonko et
al., 2015). Also, in areas not affected by forest fire
natural regeneration after clearcutting had a higher
density of other tree species in forest types on wet soils,
but density of Scots pine was higher in forest types on
poor (and) sandy soils (Salins, 2002). Regeneration
of Scots pine on more fertile soils can be difficult
due to rich vascular plant layer and more intense
competition with other tree species, mainly silver
birch (Elksnis, 1974). Other factors, like availability
of seeds, can also affect the success of regeneration
and stand composition. In Central Europe the main
limiting factors for Scots pine regeneration in post-
fire areas is the amount of produced seeds and the
distance from the seed trees: if it exceeds 50-100 m,
availability of seeds can be insufficient (Dzwonko et
al., 2015). In our study the distance or direction to the
nearest surviving tree (a possible seed source) was not
measured, since there was no simple way to determine,
which trees survived a few years after fire (to the first
seed crop) and which died instantly in the fire (Donis

S1 Mr

Mrs

Dms Nd Pv Ks

Figure 3. Mean density and height of naturally regenerated Scots pine and silver birch in clearcuts
Scots pine, Silver birch, Sl - Cladinoso-callunosa, Mr - Vacciniosa, Mrs - Vaccinoso-sphagnosa, Dms -
Mpyrtilloso-sphagnosa, Nd - Caricoso-phragmitosa, Pv - Sphagnosa, Ks-Myrtillosa turf.mel forest types.
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Figure 4. Number of Scots pines with (A) and without (B) browsing damage
Planting Natural regeneration Natural regeneration after clearcut, Sl - Cladinoso-callunosa,
Mr - Vacciniosa, Mrs - Vaccinoso-sphagnosa, Pv - Sphagnosa, Nd - Caricoso-phragmitosa,

Dms - Myrtilloso-sphagnosa, Ks- Myrtillosa turf.mel forest types.

et al., 2010). Also, the timing of the fire might have
played a crucial role in the determination of species
composition in young stands: it occurred just before
birch seeds were ripening, preparing the perfect seed
bed (mineralized soil surface, no plant competition)
for far-flying seeds of this tree species.

Our results demonstrate that regeneration in post-
clearcut areas not only abundance, but also height
of silver birch on more fertile wet or drained soils
notably exceeds that of Scots pine. A number of
studies have suggested that the shift from broadleaved
tree dominated forests to Scots pine dominated ones
in boreal zone occurs 60-180 years after forest fire
(Gauthier et al., 2010; Chen et al., 2014). In nemoral
zone broadleaved trees dominated the regeneration
for at least 15 years after severe forest fire on mesic
soils (Dzwonko et al., 2015). These results suggest
that long-term studies are necessary to increase the
knowledge on the role of forest fires in survival of
Scots pine in hemiboreal forests. It might be that other
factors besides forest fire have played an important
role in keeping the Scots pine dominated forests
in high proportion e.g. human activity or browsing
pressure by cervids.

To assess the factors affecting browsing damage
in post-fire regeneration, a mixture of Scots pine,
trembling aspen and willows — the species most
preferred by cervids — were analyzed in naturally
regenerated stands with or without clearcutting.
Trembling aspen was present in natural regeneration
in all forest types, including those on poor sandy soil
(S1, Mr), except one (Nd in sites without clearcuting).
The highest density of trembling aspen in natural
regeneration (both with and without clearcutting)
was in Dms; this was also the only forest type where
density of it was higher than that of Scots pine
(Fig. 2). In former clearcuts willows were present in
all, except the poorest soils (Sl), in contrast to natural
regeneration without human intervention, where

willows were found only in two forest types (Pv and
Ks). Besides, the density of young trembling aspen and
willows were higher in stands after clearcutting than
in areas without human intervention, suggesting, that
additional soil scarification due to skidding has played
an important role in the success of their regeneration.
The number of damaged Scots pines exceed
undamaged trees mostly in forest types on wet
(Dms, Nd) or drained (Ks) soils (Fig. 4). The
proportion of trees with browsing damage was
similar in planted and naturally regenerated stands
(30% and 31%, respectively), but notably higher in
natural regeneration after the clearcuts (46%).
Differences in amount of browsing damage on
Scots pines (both between regeneration methods and
forest types) might at least partly be explained by
preference of cervids to feed in the areas with higher
availability of diverse feed stock. In Switzerland the
quantity feed stock was found to be an insufficient
indicator to determine roe deer feeding spots; also
structural components of forests played an important
role (Moser et al., 2008). It is in line with results from
another study in Central Europe, where intensity
of browsing damages in large post-fire arca was
dependent on availability of security cover (hiding
places) for the animals, but not regeneration method
(Borkowski and Ukalski, 2012). In our study, notably
more hiding places for animals could be found close to
areas with natural regeneration rather than in planted
stands, located in large clearcut with trees notably
lower than the height of the cervids. Other studies
(Jaunzeme, 1980) in Latvia also have found more
damage in small (0.4 — 1.0 ha) than in large (>3.1 ha)
young stands, suggesting that it is the combined effect
from availability of feed stock and hiding places. The
design of our study did not permit the analysis of
browsing damage depending on the distance from the
edge of clearcut in planted stands, however, in areas
of the same regeneration method (and availability of
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hiding places) stands (and sample plots) with a higher
admixture of broadleaved trees had more damages
also on Scots pine.

Conclusions

1. Seven years after forest fire the density of Scots
pine trees was significantly affected by the forest
type but not by regeneration method (planting,
natural regeneration, natural regeneration after
clearcut).

2. The height of Scots pine was significantly affected
both by the forest type and regeneration method.
Notable advantages of planting based on tree height
were found in wet mineral soils and peat soils
(Vaccinoso-sphagnosa, Caricoso-phragmitosa
forest type). Trees in all forest types were higher in
natural regeneration after clearcut than in natural
regeneration in post-fire area (except Myrtilloso-
sphagnosa and forest type).

3. The most abundant tree species in natural
regeneration (after clearcut) in all forest types
was silver birch. Also, its height in clearcut areas
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Abstract

Wind is an important natural disturbance factor in a forest ecosystem. It creates gaps in a forest canopy, providing
microenvironmental conditions, suitable for forest regeneration and affects the species composition of ground
vegetation. Most of the studies analysing consequences of wind-storm have addressed short-term changes or influence
the stand structure, but the aim of our study is to analyse ground-vegetation long time after windstorm in hemiboral
forests. Data on ground vegetation cover have been collected in areas affected by the storm of 1967, where due to
salvage-logging 200-400 m wide clearcuts were created. Sample plots (1x1 m) were placed in different distance from
the edge of former clearcuts and projective cover of ground vegetation assessed using Braun-Blanquet method in
Myrtillosa mel. forest type on 5 sites in north-western part of Latvia. Results reveal that in all sites species belonging
to boreal, boreal-temperate and temperate biome were present, but their proportions varied between sites. In total 82
species of vascular plants were found, most frequent among them Maianthemum bifolium (L.) F.W.Schmidt (species
characteristic to Norway spruce forests), Vaccinium myrtillus L. and Vaccinium vitis-idaea L. (associated with Scots
pine forests) as well as Molinia caerulea (L.) Moench and Deschampsia caespitosa (L.) P.Beauv. (both characteristic
to wet soils). Results suggest, that even 47 years after the storm microenvironmental conditions in the sites are not
stable. Ellenberg’s indicator values reveal, that most of the sites are in semi-shade, cool and moist conditions, placed

on acidic, nitrogen-poor (in few sites — also nitrogen rich) soils.
Key words: ground-vegetation, windthrow, natural disturbance, paludification, natural succession.

Introduction

Disturbances are characteristic to forest ecosystem.
Natural disturbance can be caused by fire, water (flood),
insects, pathogens, mammals, and wind (Kuuluvainen,
2002). Wind throw is an important natural disturbance
factor in hemiboreal forests (Gromtsev, 2002). It is
important, natural phenomena in the forest (Pickett and
White, 1985; Kuuluvainen, 1994). Amplitude of wind
disturbance ranges from minor, affecting (breaking
or uprooting) only few trees in a particular stand to
major, affecting notable forest areas at a landscape
scale (Pickett and White, 1985; Kuuluvainen, 1994).
Stands of coniferous trees are affected by wind, if
its speed exceeds 20-25 m s”'. Windthrows create a
mosaic of forest structure, increasing a diversity of
ground vegetation species and creating an uneven age
forest stands (Gromtsev, 2002). As a result of wind
damages on trees, gaps of different sizes are created
in crown cover of the stand that, in turn, changes the
light conditions on forest floor, moisture regime and
other microclimatic conditions, affecting both natural
regeneration and ground-vegetation. Effect of large
scale (stand-replacing) windthrows can be comparable
to that of clearcut, since in both cases forest stand,
that ensured the specific conditions (minimized
the temperature fluctuations and therefore risks of
frost damages to ground vegetation and advanced
regeneration, provided a shade, ensured a water
uptake and transpiration) does not exist anymore.

Especially significant is the impact on water balance,
since transpiration of trees reduces excess moisture in
wet (patches of) forest (Zalitis, 2012).

Increase of maximum wind-speed in storms and/
or frequency of storms are predicted due to climatic
changes (Beniston et al., 2007); consequently, more
wind damages can be expected in forests. Most of the
studies dealing with influence of windthrows focus
on tree cover (stability, financial losses, regeneration)
or short-term effects, however, it is important to
understand a long-term consequences of this event to
different components of forest ecosystem, including
ground vegetation. Few studies have indicated an
increase of species diversity in ground-vegetation few
years after the storm as a result of changes in micro-
relief (creation of pit-and-mound mosaic) (Ulanova,
2000). Some studies suggest that ground vegetation
will stabilize 80-100 years after the storm and
microrelief structures will completely disappear after
300-500 years (Skvortsova et al., 1983). Analysis of
vegetation in gaps created wind in forest canopy in
boreal forests in Russia reveals no significant changes
in ground vegetation, if the size of the opening is
smaller than the mean height of the neighbouring trees
(Ulanova, 2000), but a storm affecting large forest
might have a different impact. Therefore, the aim of
our study was to characterise ground-vegetation long
time after stand-replacing windstorm in hemiboral
forests, the western part of Latvia.
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Materials and Methods

Data collection was carried out in the summer of
2014 in the north-western part of Latvia in five areas
(close to Pope and Pace) affected by the storm of
1967, where due to salvage-logging 200-400 m wide
clearcuts were created in drained mineral soils (forest
type: Myrtillosa mel.). Currently the young stands
are dominated by Norway spruce Picea abies (L.) H.
Karst. and silver birch Betula pendula Roth (together
85-90% from total number of trees) with admixture
of Scots pine Pinus sylvestris L. and trembling
aspen Populus tremula L. Transects were drawn
perpendicular to the edge of the former clearcut.
Sample plots (size 1x1m) were placed systematically
(every 30 m) on those transects: 3 m on each side of
the transect in each of the points. Altogether 69 sample
plots were measured (from 8 to 31 in each study area).
Data collection of ground vegetation was carried
out using Braun-Blanquet method (Braun-Blanquet,
1964). Projective cover of each ground vegetation
species (%) was assessed as well as total projective
cover of layer herbaceous plants and shrubs (E1) and
layer mosses and lichens (EO) with the precision of
1%. In case some species are detected, but projective
cover does not reach 1%, it is stated as 0.1%.

Information from databases BioPop, Ecological
Flora Database, Bioflora on functional types of plants,
types of seed dispersal, plant strategies (c—competitors,
s — stress-tolerators, r — ruderals), Raunkier life
forms and Ellenberg’s indicator values (Ellenberg
et al., 1992) were assessed and compared between
study areas. Occurrence of plants was characterized
by their constancy, calculated as a proportion of
sample plots, where the plant is present from the
total number of sample plots. Based on frequency of
occurrence constancy a class was assigned to each
species (I — occurence < 21%, 11 — 21-40%, III — 41-
60%, IV — 61-80%, V — 81-100%) (Markovs, 1965,
Muller — Dombois, Ellenberg, 1974). Significance of
differences was calculated using ANOVA.

Results and Discussion

In total, 45 plant species were found in site Pope-1,
the number of species per sample plot ranged from 7 to
22 and was 14 on average. Most frequently occurring
species (constancy class IV) were Maianthemum
bifolium (L.) F.W.Schmidt (characteristic to Norway
spruce forests), Melampyrum pratense L. and
Potentilla erecta (L.) Raeusch. (characteristic to wet
forests). Frequently occurring species (constancy
class I11) were Deschampsia caespitosa (L.) P.Beauv.,
Filipendula ulmaria (L.) Maxim., Lysimachia vulgaris
L. (characteristic to black alder swamp forests),
indicating wet conditions on the site, as well as Viola
riviniana Rchb. (characteristic to dry sites). The rest of
the species were rare (14 species had constancy class

I and 11 species constancy class II). Boreo-temperate
species dominated on the site (60%), boreal species
and temperate species were represented similarly
(21.8% and 18.1%, respectively). Dispersal of seeds
or spores was determined primarily by wind (29% the
ground-vegetation species), to some extent by water,
ants and birds (17.5, 16.3 and 8%, respectively),
but notable proportion of species (22.7%) had
self-dispersal strategy. Majority of species were
hemicryptophytes (78.1%) with over-wintering buds
close to surface of the ground (herbaceous plants),
but chamaephytes (mostly dwarf shrubs with over-
wintering buds in snow-cover), geophytes (with over-
wintering buds under the ground) and helophytes
(plants characteristic to wet soils) were represented
similarly (7.1%, 7.3% and 6.6%, respectively).
Therophytes (plants overwintering in a form of seeds
or spores) were less than 1% form total number of
species. Changing conditions in the site was indicated
by plant strategies: most frequent were plants with
mixed strategies (67.1%) followed by competitors
(23.8%), characterized by ability to colonize the
areas and well developed root system (Grime, 1979).
Ellenberg’s indicator values showed that semi-shade,
cool and moist conditions dominated in the site, soil
was moderately acidic, poor to moderately rich in
nitrogen.

In total, 39 plant species were found in site Pope-II,
the number of species per sample plot ranged from 4
to 14 and was 8 on average. Most frequently occurring
species (constancy class 1V) was Deschampsia
caespitosa, but frequently occurring species
characteristic to Scots pine forests was Vaccinium
myrtillus L. (constancy class Ill). Other species
occurred infrequently (28 species had constancy class
I). Most represented in the site were temperate species
(45.3%), slightly less represented: boreo-temperate
species (34%) and boreal species (20.5%). Dispersal
of seeds or spores was predominantly done by ants
(32.4% species), to lesser extent by birds, wind, water
(20.5%, 19.8% and 11.8%, respectively) and also
plants with self-dispersal were present (12.7%). Most
of the species were hemicryptophytes (32.9%) or
therophytes (28%), but chamaephytes and helophytes
were less common (16.7% and 14.2%, respectively).
Least represented plant group was geophytes (7.6%).
Also changing environmental conditions were found
on this site: most plants had mixed strategies (80.3%)
followed by competitors (10.4%) and stress-tolerators
(8.7%). Ellenberg’s indicator values showed that
semi-shade, cool and moist conditions dominated onn
the site, soil was moderately acidic, poor in nitrogen.

Notably lower number of species was found in site
Pope-III: in total only 16; the number of species per
sample plot ranged from 2 to 6 and was 4 on average.
Most frequently occurring species (constancy class V)
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was Molinia caerulea (L.) Moench, characteristic to
coniferous and mixed forests with high soil humidity
and grass swamps; also Vaccinium myrtillus and
Vaccinium vitis-idaea L. characteristic to Scots pine
forests as well as Deschampsia caespitosa were
frequent (constancy class IV). Melampyrum pratense
had constancy class III, but other 12 species -
constancy class I. Temperate plant species dominated
the site (46.8%), followed by boreal species (44.2%);
boreo-temperate species were notably less common
(8.9%). Most of the pants, similar to other sites, had
seeds or spores dispersed by ants (46.6%), other
dispersal factors were birds (32.1%), wind (11.9%)
and water (8.3%); plants with self-dispersal were less
common (<1%). Different from other sites, most of
species were chamaephytes (39.9%) and therophytes
(33.6%), but hemicryptophytes and helophytes were
much less common (19.4 and 6.3% respectively).
Plants with mixed strategies dominated in this site
(85.3%). Ellenberg’s indicator values showed that
semi-shade, cold and moist conditions dominated on
the site, soil was acidic, poor in nitrogen.

In total, 37 species were found on site Pope-IV, the
number of species per sample plot ranged from 3 to
14 and was 10 on average. Most frequently occurring
species (constancy class IV) was Maianthemum
bifolium (characteristic to Norway spruce forests).
Vaccinium vitis-idaea L., characteristic to Scots
pine forests, was frequently present (constancy class
III), but the rest of the species were not (22 ground-
vegetation species had constancy class 1). Temperate
plant species dominated the site (48.4%), followed
by boreal species (33.2%); boreo-temperate species
were notably less common (18.4%). Most of the
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plants, similar to other sites, had seeds or spores
dispersed by ants (34.6%), other dispersal factors
were water (20.3%) and wind (17.4%). Self-dispersal
was relatively common (16.5%); smaller proportion
of species were dispersed by birds (11%). Most of the
plant species were hemicryptophytes (54.8%), fewer —
therophytes (20.1%) and helophytes (14.6%), but very
few — chamaephytes and geophytes (6.5% and 3.7%,
respectively). Most of the plants belonged to the group
with mixed strategies (82%) or competitors (17.1%).
Ellenberg’s indicator values showed that semi-shade
- semi-light, cool and moist conditions dominated in
the site, soil was moderately acidic to acidic, poor in
nitrogen.

The highest number of species was found on site
Priedaine — in total 43, but the number of species per
sample plot ranged from 1 to 11 — not higher than
on other sites. Most frequently occurring species
(constancy class 1Il) were Maianthemum bifolium
(characteristic to Norway spruce forests) and
Vaccinium vitis-idaea L. (Characteristic to Scots pine
forests). The rest of the species were present relatively
un-frequently (33 ground-vegetation species had
constancy class 1). On this site almost half of all
species (45.8%) were boreal, 38.0% were temperate
and only 16.2% boreo-temperate. Seeds or spores
were dispersed to a similar extent by wind, ants and
birds (25.2%, 24.1% and 23.2%, respectively). Also,
water and self-dispersal played an important role
(15.4% and 11.7%, respectively). Most of species
were chamaephytes (35.7%) and hemicryptophytes
(28.0%), followed by therophytes (21.1%) and
helophytes (14.0%). Plants with mixed strategies
were more than half on this site (64.8%), followed by
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Figurel. The proportion (%) of plant species for biomes in objects (+SD).
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competitors and stress-tolerators (18.5% and 15.3%,
respectively). Ellenberg’s indicator values showed
that semi-shade, cold and moist conditions dominated
on the site, soil was acidic, poor in nitrogen.

The proportion of temperate biome species on
the sites were similar (from 38 to 48%), only on site
Pope-I it was significantly smaller (18%). From 20 to
46% from herbaceous plant layer species belonged to
boreal biome, on site Priedaine this proportion was
significantly (p<0.05) higher than on sites Pope-I,
Pope-II un Pope-1V (Fig. 1); also proportion of these
groups of species on site Pope-III was relatively high,
but differences with other sites were not statistically
significant. Proportion of species belonging to boreo-
temperate group differed notably between sites and on
site Pope-I it was significantly (p<0.05) higher than
on others.

Dispersal strategies of plants were rather different
between sites. From 16 to 47% of plants had seeds
or spores dispersed by ants, significant differences in
proportion of this group of plants (p<0.05) was found
between sites Pope-I and Pope-III. On site Pope-III
proportion of plants with self-dispersal strategy was
significantly (p<0.05) smaller than on the rest of the
sites. Plants with other seed dispersal strategies (by
birds, water, wind etc.) were represented differently
in different sites; however, observed differences were
not statistically significant.

The proportion of chamaephytes ranged from 7
to 40% on different sites; it was significantly higher
on sites Pope-III and Priedaine thanon the rest of
the sites. Geophytes and helophytes were the least
represented groups and there were no significant
differences between sites in the proportion of these
groups of plants. The presence of helophytes indicates
the existence of different microrelief forms on all

Vegetation's projective cover (%)

sites and occurrence of wet patches. The proportion
of hemicryptophytes ranged from 19 to 78% from all
plants in ground vegetation,o site Pope-I they were
significantly (p<0.05) more than on sites Pope-II,
Pope-III and Priedaine. Therophytes were represented
similarly in all sites (20-36%) except in Pope-I, where
proportion of this group of plants were significantly
(p<0.05) smaller. It indicated presence of open
ground, where this group of plants can be regenerated
by seeds.

Plants with mixed strategy were the most
represented group on all sites and significant (p<0.05)
differences in their presence were found only between
sites Pope-I and Priedaine (Fig. 2). On Pope-I
higher proportion of mixed-csr strategy plants were
detected, but in Priedaine — higher proportion of
mixed-cs strategy plants. Presence of these groups
of plants indicates unstable microevironmental
conditions. Proportion of plants with competitor
strategy ranged from 6 to 24%, on site Pope-I it was
significantly higher than on sites Pope-II and Pope-
I11. Stress-tolerators had minor representation on all
sites (differences between sites were not significant).
Ruderals were the least represented group, indicating,
that early succession phase (characterised by high
representation of weeds) has been replaced by the next
phase, dominated by perennial herbaceous plants.

Diversity of microenvironmental conditions
on the sites was defined also by high number of
plant species, that presumably will be replaced with
fewer, more stress-tolerant plants in later phases of
succession. Light conditions, described by Ellenberg’s
indicator values, demonstrated, that site Priedaine
was significantly (p<0.05) more shady than sites
Pope-I and Pope-II. Significant differences in this
trait between the rest of the sites were not found

|
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Figure 2. The proportion (%) of plant species for plant strategies in objects (+SD):
¢ — competitors, s — stress-tolerators, r — ruderals, cs and csr — mixed strategies.
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Figure 3. Ellenberg’s indicator values of plant species in objects (£SD):
L —light, T —temperature, F — moisture, R — soil reaction, N — the amount of nitrogen in soil.

(Fig.3).Onsites Pope-Iand Pope-IVmicroenvironment
was significantly warmer than on sites Pope-III and
Priedaine as indicated by Ellenberg’s values, but no
significant differences in soil moisture between sites
were found. Soils on sites Pope-I and Priedaine have
more nitrogen and on Pope-I is significantly less
acidic than on the rest of the sites.

Conclusions

1. In all study areas temperate biome species are
represented to a similar extent, less common are
boreal biome species, but occurrence of species of
boreal-temperate biome differ between sites.

2. Most frequent among them Maianthemum
bifolium (L.) F.W.Schmidt (species characteristic
to Norway spruce forests), Vaccinium myrtillus
L. and Vaccinium vitis-idaea L. (associated with
Scots pine forests) as well as Molinia caerulea
(L.) Moench and Deschampsia caespitosa (L.)
P.Beauv. (both characteristic to wet soils).
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Abstract

Thinning of young forest stands is a contribution to the future of the stand development. Our study focuses on damage
of the remaining trees and soil. Now it is common to see thinning of young stands with heavy forest machines, but most
of these operations take place in commercial thinning. This study is focused on precommercial thinning to evaluate
different mechanized thinning methods in relation to the damage done to the remaining trees and soil in deciduous
tree stands. Data were collected in four stands where the average diameter of trees at breast height was 6.2 cm, the
height of average trees - 9.5 m, but number of trees per hectare was more than 2900. The stands regenerate naturally.
Damage was evaluated separately after harvester and forwarder operations. The study proves that forwarding makes
much less damage to the remaining trees than harvesting. According to the study data, the traditional method results in
the largest number of damaged trees, because operators need to cut all trees closer than 1.5 m from the target tree. Both
schematic thinning methods result in significantly less damage. A statistically significant difference (p<0.001) was
found in a proportion of damaged remaining trees between all of the applied working methods. The smallest amount
of damage is associated with complex symmetrical thinning method. The most damage appears during harvesting.
The aim of this study was to compare three working methods of biofuel production in pre-commercial thinning using
harvester John Deere 1070D with accumulating felling head Bracke C16.b in grey alder (Alnus incana) pure stand.

Key words: tree damage, pre-commercial thinning, biomass production, grey alder.

Introduction

Grey alder (Alnus incana (L.) Moench) is one of
pioneer-tree species in Latvia and it belongs to fast
growing trees species. Recently it has obtained a
higher popularity in the private forest sector. In Latvia
grey alder is economically important tree species.
Grey alder is used, for example, as firewood and in
furniture industry (Rytter et al., 2000). Grey alder
is particularly interesting for private forest owners,
because it does not have a determined cutting age like
spruce, pine or birch, and it regenerates naturally as
coppice crop.

The total area covered by grey alder has increased
a lot from year to year because it is a pioneer species,
and it starts to grow on agricultural lands, if not
managed for some years. According to literature, in
1925 grey alder stands in Latvia took up 3962 ha
(0.3% of total forest area), but after 35 years, in 1960,
the total area of grey alder stands had increased for
more than 15 times and reached 80895 ha (4.5% of
the total forest area. Latvijas mezi, 1987). The area
of grey alder stands continued to grow and in 2003 it
reached 188992 ha (6.4% of the total forest area), but
according to the latest data, in 2010 it reached 210677
ha (7.3% of the forest area. Gadskarta, 2014).

Growing potential for this species is really
significant and it mostly depends on soil chemical
composition and water regime. The best soil types
for grey alder are fertile loam and clay soils or
sandy loam soils where grey alder is able to achieve
considerable dimensions (Rokjanis, 1957). In

naturally regenerated unmanaged alder stands are
typically winding, branched and low quality stems,
but it does not reflect the productivity and real growth
potential of this species (Liepin$ and Liepins, 2010).
Growing of good quality, valuable grey alder stand
requires implementation of the full cycle of forest
management. Besides, if a tree has open growing space
around it during the whole growing cycle, the quality
improvements will be visible after 25...30 years. In
the studies of some Latvian researchers it is mentioned
that, if we are growing grey alder on agricultural land
like a plantation for sawlog production and a stand is
managed applying the best available practices, in 30
years we can get approximately 300 m? ha' (up to 400
m? ha!), and output of valuable sawlogs is about 70%
(Daugaviete and Daugavietis, 2008).

Pre-commercial thinning with forest machines
became so popular because of productivity, if
compared with motor-manual operations and ability
to get the first income earlier by production of biofuel
from small trees. Popularity of biofuel production
in pre-commercial thinning is on the increase due
to the European Union (EU) targets in renewable
energy production and the climate policy. According
to recently proposed policies, the EU has to reduce
greenhouse gas (GHG) emissions in 2030 by 40% in
comparison to 1990. Biomass from forest plays the
most significant role in reaching this target, therefore,
it is necessary to be prepared for an increased demand
and willingness to produce biofuel from early forest
management operations, which traditionally do not
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The main indicators of stand inventory

Table 1

I;Itc; r?df ([I)—:?r;e(t:?; Height, m Bansnglhz;r?a, VOIIE;?, m? Biorrr:gis, kg Trees, per ha' VOlunter g’f ra;]\;erage
1 7.2 10.9 28.4 166.9 57763.4 6400 0.026
2 5.7 8.3 18.1 83.7 289194 6 800 0.012
3 5.7 7.3 20.8 85.3 33 898.5 7 600 0.011
4 6.4 11.6 24.8 155.4 44 148.0 7333 0.021

H, ,— Diameter at breast height

produce any wood product. In the period between
2020 and 2030, Latvia has to reduce GHG emissions
by 8% (Green book..., 2013). To achieve this goal the
main task is to reduce the use of fossil fuels replacing
them with renewable biofuel like wood chips from
pre-commercial thinning.

This study is about the working methods in
pre-commercial thinning of deciduous, naturally
regenerated stands, to understand how to get the
greatest possible benefit (biofuel) from thinning,
while increasing the growth potential of the remaining
stand. The information available in literature on
this topic is very limited due to the relatively small
distribution of grey alder stands in Nordic countries,
where pre-commercial thinning for biofuel production
has already become a significant source of biomass.
Similar studies have elaborated on coniferous tree
stands, also in Latvia, but the situation with deciduous
stands is much different due to the structure of stands,
regeneration history, and visibility in stand.

Materials and Methods
Description of research object

The research objects are located in Birzgales
parish, Kegums municipality (56°32.98639’
N, 024°41.23923” E) in 2 blocks and 4 forest
compartments with the total area of 8 ha. Grey alder
dominated forest stands with high initial density (at
least 6000 trees per ha) were selected for the study
(Table 1). All of the stands are naturally regenerated
after clear cut and the age of the stands is less than 10
years. In all of the selected stands, the forest site type
is Oxalidosa.

Data collecting

Circular sample plots (further in text — SP) with
radius of 2.82 m (area 25 m?) were established in all
stands before thinning for characterization of stand
properties. Number of SP were chosen according to
the requirements in regulations of Cabinet of Ministers
(Noteikumi par..., 2013) terms of tree felling in the
forest. At least a 100 trees were measured in each
stand. All trees in SP were measured if the diameter
of a tree at breast height exceeded 4 cm. Undergrowth
trees and shrubs were also counted and measured in

all SP; the average height and total number of stems
of undergrowth trees and bushes were noted in each
SP. The tree diameter and height were measured in
each stand and SP separately. Characteristics of stand
after thinning and counting of damaged trees after
harvesting and forwarding were done in rectangular SP
covering strip-road and thinned stand area, similarly
to D. Bergstrom et al. (2010).

SP were established in every strip-road and no
closer than 10 m from both ends of strip-roads. The
distance between SP may vary, because of different
length of the strip-road. If the strip-road is shorter than
160 m, the distance between SP is 20 m, but if the
strip-road is longer than 160 m, the distance between
SPis 40 m. SP is 20 m long rectangle with 20 m long
sides; the area of SP is 400 m2 Plots are located on
parallel with strip roads so that their mid-axis are on
one line with strip road mid-axis, but SP side lines are
osculating but not overlapping.

All trees with the diameter at breast height above
4 cm were measured in SP. The tree diameter, distance
between the tree and strip road centre were measured
and tree species were identified. Measurements of
height of representative number of trees (10-20 trees of
each species) were done before thinning and the same
height curve was applied to the measurement data
before and after thinning. Damage of remaining trees,
divided in 4 groups, was assessed in all sample plots.
Data of tree damage were analysed as the proportion of
damaged trees was expressed as a difference between
damaged trees and all of remaining trees. Mostly data
were analysed grouped by working methods.

Trees were marked as damaged if they matched
one of the criteria in Table 2. These criteria are used
also in joint stock company ‘Latvian State Forests’.
Soil damage on strip-roads (length of ruts) was also
evaluated after forwarding. The threshold value
for ruts is more than 10 cm from topsoil. Ruts were
measured on both sides of strip-road.

Damage of trees was classified in four groups:
1. Damage above 0.5 m;

Damage below 0.5 m;

Damage of roots;

Damage caused by chain.

Rl
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Table 2

Indicators of mechanically damaged trees in thinning*

Location of damage Type of damage Description of damage
Broken top Broken off top
Crown
Broken branches More than 60% from crown
: ; o :
Stem Stem part without bark The area w1th.out bark is more than 25% from stem girth at the
damage location.
Roots Broken root Root that is thicker than 2 cm broken up to 70 cm from stem.

Noradijumi koku bojajumu novérsanai. 2012.

Description of working methods
Three mechanized thinning methods were

compared in the study using John Deere 1070

harvester equipped with felling head Bracke C16.b:

1. Traditional method: the operator evaluates each
tree individually, leaves only the best trees with
straight stems and qualitative crown and cuts
down all potentially competing trees around it.
At the first step of thinning, the operator makes a
strip-road and cuts 1-1.5 m wide (width of Bracke
C16.b harvester head) ‘pockets’ on both sides of
the strip-road, usually in 90° direction from the
strip-road, where to put down all extracted trees.
The distance between ‘pockets’ depends on the
density of stand. Then the operator does thinning
on both sides of the strip-road. The average
distance between pockets in the study was 5 m.

2. Simple symmetric method: trees are not evaluated
individually and target trees are not identified
during thinning. Like in the first method, the
operation starts with cutting the strip-road, then
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perpendicularly to harvester the operator cuts

1-1.5 m wide and 10 m long ‘pockets’ where to put

the extracted tree. This cycle is repeated every 2-3

m to the entire length of the strip-road; no thinning

is done if trees are less than 4 cm in diameter at

breast height; angle of ‘pockets’ can be adopted to
improve the thinning quality

3. Complex symmetric method: the difference from
the second method is the cutting of 1-2 additional
stripes near each ‘pocket’ so that these stripes
are branching from the ‘pocket’ at 30-45" angle.

Material is stored in the main ‘pockets’ as well as

in additional stripes, depending on the amount of

material. Harvester repeats this operation every

5-6 m.

Visualization sample of the 2" and 3" method is
given in Figure 1.

Normality of variables was checked by the
Kolmogorov-Smirnov test. The data did not follow
a normal distribution, or occurred inhomogeneity of
group variance the nonparametric Mann-Whitney Test
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Figure 1. Technological scheme for Simple symmetric (left) and
Complex symmetric (right) working methods.
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Figure 2. Proportion of damaged trees depending on working method and on each strip road, %.

analysis of variance was used. In all cases the level
of significance o = 0.05 was accepted. Difference
between working methods was calculated using
Dwass-Steel-Critchlow-Fligner procedure and for
data analyses the software SPSS Statistics 17.0 was
used.

Results and Discussion

The proportion of damaged trees, depending
on the working method and in each strip road, is
shown in Figure 2. Uninterrupted line represents the
maximum permissible proportion of damaged trees
(5%) according to the quality requirements of the
JSC ‘Latvian State Forests’ in the forest thinning
operations (Noradijumi koku..., 2012). According to
the study results, only 3 strip roads from 22 fulfilled the
quality requirements for permissible level of damaged
trees. The strip-roads with the smallest proportion
of damaged trees were thinned with the complex
symmetrical method, while the largest proportion of
damaged trees were mostly found when the thinning
method called traditional working method was used.
Most of damage was caused by the harvester; amount
of damage caused by forwarder is relatively small on
all strip-roads. Damage caused by forwarder does not
depend on the applied working method.

The total average proportion of damaged trees
by the traditional method was 8.7%, by the simple
symmetric working method — 7.9% and by complex
symmetric method — 5.9%.

The proportion of damaged trees was calculated
separately for used machinery for each of the working
methods: for harvester at the first method — 7.7, at
second method — 6.9 and at third method 5.2%, but for
forwarder 0.9, 1.0 and 0.7% respectively. Scientists
in other countries are also mentioning 5% threshold
as maximum allowable percentage of damaged trees

regardless of trees species (Bdcke, 1997). It was
found in the study that all of the applied working
methods result in a higher proportion of damaged
trees; however, symmetrical thinning methods are
more favourable from the perspective of proportion of
damaged trees.

The level of difference in the proportion of
damaged trees between working methods is significant
in all of variants. Results show statistically significant
differences between all of the working methods
(p<0.001).

The proportion and frequency of different types of
damage are also analysed depending on the applied
working method. It is found that most damage is
on stems and they are caused by harvester head or
other processed trees. When the 1% working method
is used, more than half of damage is detected
in the group ‘damage below 0.5 m’ (56.3%). If
symmetrical thinning methods are applied, about half
of damage belongs to the group ‘damage above 0.5
m’ respectively 53 and 52% (Figure 3). The smallest
amount of damage is detected for the groups ‘damage
caused by chain’ and ‘damage of roots’ (not more than
4% in all working methods). Other authors in their
studies have mentioned that summarizing the volume
of both groups of damage results in stem damage
between 90 and 98%. In this study it is also proved
that the stem damage is within the range mentioned by
other scientists (Sirén, 1982; Froding, 1992; Jaghagen
and Lageson, 1996).

The number of trees in stands after thinning
against limiting values determined in regulations and
the location of trees in a stand is shown in Figure 4 and
Figure 5. Actually it shows the quality of thinning - if
the distance between the strip-road centre and tree is
growing, then also the number of trees of remaining
stand is growing (Figure 4).
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Figure 3. Proportion of different types of damage according to working methods.

According to the charts, the experimental stands
are not thinned evenly in any of the used working
methods and there are denser areas between strip roads
which are not thinned correctly. Intensity of thinning
could be increased, because the number of remaining
trees is twice higher than the legal thresholds, and it

25

was possible to extract much more biomass from the
experimental stands making thinning more feasible
(Figure 5).

Soil damage (length of ruts deeper than 10 cm) was
measured in each strip road. Forwarding of biomass
was done in unfavourable weather conditions (in early
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Figure 4. Proportion of trees in distribution by groups of average distance between trees

and strip road centre depending on the used working method.
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Figure 5. Minimal number of trees (in thousands) according to requirements of regulations
(Noteikumi par..., 2013) in comparison with number of remaining trees after thinning.
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Figure 6. Proportion of ruts from total length of strip-roads depending on the working method.

spring during thaw), when soil became soft; therefore,
a lot of soil damage was found. Notably, the formation
of ruts mainly relates to forwarding; harvesting did
not result in significant soil damage. The proportion
of length of ruts was also analysed according to the
working methods, assuming that different initial
impacts of harvester and location of biomass, besides
the strip-roads, might affect the formation of ruts
during forwarding.

The smallest proportion of ruts was found on strip-
roads where complex symmetric working method
was applied (18.9% of the total length of strip roads).
The proportion of ruts was more than 30% when the
traditional and simple symmetric working method was
applied, respectively 35.2% and 32.8% of the total
length of strip-roads (Figure 6). The average length
of ruts in percentage of the total length of strip-roads
grouped by stands and initial number of trees is shown
in Figure 7.

The most intensive soil damage was found in the
stand with 6800 trees per ha, where ruts covered more
than 50% of the total length of strip-roads, while the
smallest proportion of ruts was found in the stand with
7600 trees per ha, where ruts covered only 8% of the
total length of strip-roads. Differences in soil damage
between objects show that soil structure and bearing
capacity differ between stands and stand type; also
the number of trees per ha is not always a sufficient
parameter to predict soil bearing capacity. L. Eliasson
(2005) in his research mentioned that rut depth
increased significantly (p<0.001) with the number
of machine passages, but in my research this impact
was not observed. Also he mentioned that longer
corridors are always subject to heavier damage, but
in Figure 8 it is shown that there are not any logical
relations. It is possible that this is due to the weather
conditions during the forwarding operations. In real
life conditions, forwarding had to be stopped and
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Figure 7. Average length of ruts in percentage of total length of strip-roads grouped by
stands and initial number of trees.
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continued during more favourable weather conditions. A great benefit of the Bracke C16.b felling head, which
is also sometimes called the biggest drawback of this type of felling heads, is the ability to produce only biofuel
assortment, that is, it lacks delimbing and cut-to-length function. The benefit is in fact that biofuel can be stored
in forest for several months, in contrast to roundwood assortments, and its quality is increasing during storage —
small branches become brittle and separate from the main stem, moisture content is reducing and potassium, as
well as other easily soluble elements, are partially washed out from biomass. However, utilization of this benefit
requires more flexible organization or forest operations.

Conclusions

1. Statistically significant difference (p<0.001) was found in the proportion of damaged remaining trees
between all of the applied working methods. The smallest amount of damage is associated with the complex
symmetrical thinning (3" method). The most damage appears during harvesting.

2. Regardless of the applied working method, the proportion of damaged trees is above the maximal threshold
value of 5%. Respectively, working methods, technical conditions of harvester or operator’s skills need to
be considerably improved to fulfil the quality requirements.

3. Intensive formation of ruts on strip-roads was determined by unfavourable weather conditions; however, it
was found that forwarding of material extracted on strip-roads, where the 3" method was applied, results in
a smaller proportion of ruts.

4. The result of the study proves that it is necessary to improve the working methods, skills of operators and
also technical condition of machines, because none of the methods resulted in sufficient thinning quality.
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Abstract

Scots pine (Pinus sylvestris L.) is the most common wood species in Latvia. It is classified as not durable, therefore
additional protection against microorganisms is needed prior its use outdoors. Presently Cu-containing wood
preservatives are commonly used, but the biggest drawback is the poor Cu fixation, therefore raising concerns about
the impact on the environment. Three types of specimens were used to carry out the experiments — untreated, Latvian
originated Scots pine; Scots pine commercially treated with preservatives that belong to a group of Cu-boron-triazole
(CBA) products; and Scots pine, impregnated with micronized-Cu solution using a standard full cell process. In order
to make sure that all of the specimens are equal in their components, elemental analysis was performed and content
of nitrogen (1.2 - 2.5 g kg™"), carbon (485.5 g kg™!), oxygen (456.0 g kg™") and hydrogen (55.6 g kg') was determined.
The treated specimens were leached according to the European standard EN 84. For micronized-Cu impregnated
Scots pine the total Cu content in leachates obtained by atomic absorption spectroscopy was 0.15 mg g of wood, and
0.06 mg g of absolute dry matter with CBA preservative impregnated Scots pine wood. Subsequently, according to
the European standard EN 113, treated Scots pine blocks were exposed to brown-rot fungus Coniophora puteana and
to white-rot fungus Trametes versicolor for 16 weeks. Mass loss for wood treated with micro-Cu was 48.4% (484 g
kg') and 1.5% (15 g kg™') respectively, but for CBA — 49.5 % (495 g kg') and 1.2% (12 g kg'!). Both samples proved

to be inappropriate for outdoor use (use class 3).
Key words: copper, leaching, Scots pine, fungal decay.

Introduction

Wood is a very valuable material, being rather
inexpensive and easy to process, it has good mechanical
properties and aesthetic appeal. But as every material
does, it has some drawbacks. The strongest drawback
being, microorganisms degrade wood during its
usage, especially, when this material is used outdoors.
Among the microorganisms, brown-rot fungi cause
the most considerable damage during the wood service
life (Irbe et al., 2006). Scots pine (Pinus sylvestris
L.) is the most common wood species in Latvia and
according to European Standard EN 350-2 (1994)
its sapwood is considered to belong to durability
class 5 - naturally not durable. To prevent wood from
biodegradation, wood protecting substances are used,
water-born solutions being the most popular among
them. Chromated copper arsenate (CCA) was the most
frequently used solution historically, however, since
2003 (Commission Directive 2003/2/EC, 2003) two
main components of this substance — Cr¢* and As®*
are prohibited because of the toxicity to human health
and the environment (Shibata et al., 2007). Only Cu?*
which was also a CCA component is allowed today,
and thus many Cu based wood preservatives have been
developed. Cu has many advantages — it is relatively
easy to create waterborne formulations, analyze and
determine its penetration in wood; additionally Cu
slows wood degradation by UV radiation and water.
Preservatives contain Cu as the main fungicide, along
with additional organic fungicides, protecting wood
from such fungi species as Serpula, Antrodia and

Postia that benefit from presence of Cu (Grantipa-
Ievina, 2013). Usually quats, azoles or borates are used
as additional fungicides. These preservatives contain
amines or ammonia as Cu soluble and complexing
substances (Temiz et al., 2006; Hasan et al., 2010).
Nordic Wood Preservation Council (Salminen et al.,
2014) has approved many preservatives, among them
Cu-boron-triazole (CBA) products that can be used
for treatment of wide range of softwood species.

One of the processes in material usage outdoors
is leaching, in this process components of wood
preservatives seep in the environment and therefore
can pose a threat to it (Vetter et al., 2008). Leaching
is a standardized procedure for accelerated ageing
(EN 84, 1997) and is commonly used for impregnated
wood testing. Insufficient fixation is the main
drawback of Cu usage (Wang et al., 2013). Previously
used chrome substances currently are replaced with
amines, predominately, ethanolamine (Pankras et
al., 2012) or micronized-Cu solutions (Matsunaga et
al., 2008; Stirling et al., 2008; Xue et al., 2012) with
poor fixation properties. Although Cu is an essential
micronutrient for most living cells, in larger doses it
acts as an algaecide, bactericide, fungicide, insecticide
and moldicide (Freeman and Mclntyre, 2008).
Therefore raising concerns about environmental
impact of treated wood in areas of agricultural use
(Love et al., 2014).

The aim of this study was to compare Scots pine
treated with Cu containing preservatives in terms of
fixation and decay resistance.
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Materials and Methods

The experiments were carried out in the Laboratory
of Wood Biodegradation and Protection of the Latvian
State Institute of Wood Chemistry from August 2014
till March 2015.

Specimens

All of the samples were tested keeping in mind
that material should agree with the European Standard
EN 350-2 (1994) Class 3 — to be used in a situation in
which the wood or a wood-based product is not under
cover, and not in contact with the ground. Three types
of specimens were used to carry out the experiments
— untreated Latvian originated Scots pine from
sawmill; Scots pine wood treated with preservative
that belongs to a group of Cu-boron-triazole products,
containing 295 g kg' CuCO,, 45 g kg' H,BO,,
2.3 g kg tebukonazol and 2.3 g kg propicionazol.
For the third type Scots pine planks were conditioned
and afterwards impregnated with micronized Cu
containing solution (ethanolamine < 60 g kg!, CuO
complex < 25 g kg !, alkildimethylbenzilamonnia
chloride < 10 g kg! and didecildimethyl ammonium
chloride < 10 g kg! using a standard full cell (Bethell)
process (30 min vacuum 0.2 bar, 60 minutes pressure
10 bar, 15 min vacuum 0.5 bar). Afterwards samples,
free of any physical defects, were sawn in 50 x 25 x
15 mm blocks for leaching and decay tests, part of the
samples was chopped to sawdust with Retsch SM100
mill, mesh size 2 mm for elemental analysis.

Elemental analysis

Elemental analysis of the specimens was
conducted according to standard LVS EN 15104
(2011) wusing Vario MACRO CHNS, Germany,
carbon/nitrogen/hydrogen and sulfur analyzer with
helium as carrier gas. Three replicates of 20-30
mg are packed in aluminium foil, weighted, WO,
powder is added at ratio 1:3 and combusted in the
presence of oxygen in a flowing helium stream. The
original matrix of the sample is destroyed under these
conditions and through subsequent catalytic reactions,
the analyte components are formed into CO,, N,, H,O
and SO,. The oxygen content is calculated as shown
in Equation 1:

1000g-(C+H+N+S)=0 ()

where

C —total carbon concentration, g kg!

H — total hydrogen concentration, g kg™
N —total nitrogen concentration, g kg’
S — total sulfur concentration, g kg™

O - total oxygen concentration, g kg!

Leaching

Material preparation and leaching procedure was
developed according to European Standard EN 84
(1997). The leaching procedure consisted of an initial
impregnation with distilled water under 4 kPa vacuum
for 20 min. The water was subsequently replaced
2 h after the impregnation, continuing at 24 h and
48 h, and another seven times in the next 12 days
at intervals of not less than 1 day and not more than
3 days. The leachates were collected, their volume
measured and stored in 5 °C until the Cu content
analysis. The Cu content was determined by an atomic
absorption spectroscopy. The atomic absorption was
carried out using Atomic absoption spectophotometer
SHIMADZU AA-6300.

Fungal strains

Two fungal strains were used in this study: the
brown-rot fungus Coniophora puteana (Schum.: Fr.)
Karst (BAM Ebw. 15) and the white-rot fungus
Trametes versicolor (L.) Lloyd (CTB 863A). Isolates
were maintained in Petri dishes on a medium
containing 50g kg!' malt extract concentrate and
20 g kg' agar (Fluka, Sigma-Aldrich). Mycelium
plugs were transferred aseptically to Kolle flasks,
containing the same medium as in Petri dishes, for the
wood decay test.

Decay test

Moisture content was determined for treated and
untreated sapwood blocks (50 x 25 x 15 mm) of Scots
pine (Pinus sylvestris L.). Afterwards specimens were
exposed to Coniophora puteana and to Trametes
versicolor for 16 weeks at 22 °C and 70% relative
humidity. Before exposure to fungi treated Scots pine
wood blocks were leached according to the European
standard EN 84 (1997). The decay test procedures
were done according to the European standard EN 113
(1996). Eight replicates for each of the fungus were
taken. Subsequent to cultivation, blocks were removed
from the culture vessels, brushed free of mycelium and
oven dried at 103 + 2 °C. The percentage of weight
loss was calculated from the dry weight before and
after the test.

The results were processed by mathematical
and statistical methods calculating mean values and
standard deviations of samples with Microsoft EXCEL
2010 software. The statistical difference between
results was calculated using Student t-test. Values
in the range of p<0.05 were considered statistically
significant.

Results and Discussion
In order to ascertain homogeneity among untreated,
commercial and impregnated Scots pine wood, the
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Figure 1. Elemental content of specimens:

Ountreated Scots pine

elemental analysis was conducted. Figure 1 displays
that there is only an insignificant difference among
elemental content of all specimens. Scots pine wood
contains 48.5+0.25% (485.5+2.5 gkg") carbon, 45.6
+0.28% (456.0 £ 2.8 g kg') oxygen and 5.56 £ 0.01%
(55.6 £ 0.1 g kg') hydrogen. Student test shows that
there are statistically significant differences (p<0.05)
among nitrogen contents in specimens of all types. The
nitrogen content in untreated, commercially treated
and impregnated Scots pine wood is 0.18 £0.01 % (1.8
+0.1 gkg"),0.25+0.04% (2.5+0.4 gkg')and 0.14 &
0.02% (1.4 +£ 0.2 g kg') accordingly. Considering the
small amount of nitrogen content in Scots pine wood,
variety of wood material itself and the small samples
needed for this analysis, the nitrogen content can be
considered the same in all samples. H. Matsunaga et
al. (2008) has analyzed southern pine boards treated

0.16

mCBA m®Micro-Cu

with an aqueos dispersion of Cu carbonate and iron
oxide particles (nano-Cu preservative). Energy-
dispersive X-ray spectroscopy showed that wood cell
walls contain 53% (530 g kg') C, 40% (400 g kg™)
0, 65% (65 g kg") H and 0.5% (5 g kg') N, which
coincides quite well with the results obtained in this
research.

The Cu content in leachates obtained according
to the European standard EN 84 (1997) is shown in
Figure 2. For both specimens leaching rates are high
initially and decrease significantly over time (after
200 h). This coincides with findings of A. Temiz et al.
(2006). The total amount of leached Cu is 0.15 mg g
absolute dry matter for Scots pine impregnated with
micro-Cu. Less than twice the amount of Cu — 0.06
mg g absolute dry matter leaches from impregnated
wood that belong to group Cu—boron-triazole products
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Figure 2. Total leached amount of Cu during artificial ageing:

=#=Micro-Cu
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Figure 3. Mass loss of samples after fungi efficacy:
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(CBA) according to (Salminen et al., 2014). These
preservatives form complexes that do not involve
cell wall components; they have different fixation
mechanisms which leads to high Cu amount leached.
Though M. Lupsea et al. (2013) states that Cu release
is relatively high with respect to its initial content and
Cu is bound on carboxyl and phenolic sites and forms
soluble complexes with extractives. According to H.
Matsunaga et al. (2008), these complexes aggregate
into pits that connect cellular elements in wood and
on the cell walls, suggesting that they are too large to
penetrate them.

A. Temiz et al. (2014) has conducted a similar
research — they reported that the total amount of
leached Cu from CBA treated Scots pine wood was 470
mg m2. Recalculating units from mg g' to mg m2 it is
only 145 mg m? in the current research. As N. Thaler
et al. (2013) state that more intense leaching occurs
from specimens with higher Cu content, because Cu
deposits on the surface of the specimens and form
Cu crystals in cell lumina, the difference between the
results obtained by A. Temiz et al. (2014) and results
in this research can indicate that initial Cu content
was considerably higher in laboratory impregnated
specimens than in commercially available ones.

It was expected that because of leached Cu amount
there are going to be differences in mass loss of
samples due to exposure to Coniophora puteana and
Trametes versicolor. However, in Figure 3 it can be
seen that mass loss after Coniophora puteana is 48
+ 12% (480 = 120 g kg") for wood impregnated with
micro-Cu and 50 + 15% (500 + 150 g kg™') for CBA
wood. This indicates that after leaching none of the
chemical preservatives provided effective protection
against Coniophora puteana. Coniophora puteana
belongs to brown rot fungi that degrade wood cellulose
and hemicelluloses, whereas lignin is modified
(Janberga et al., 2013). The mass loss due to exposure
to white-rot fungi Trametes versicolor is 1.5 + 1.5%

O Trametes versicolor

(15 + 15 g kg') for with micro-Cu impregnated wood
and 1.2 = 0.7% (12 = 7 g kg') for CBA wood. This
indicates that both of the chemical preservatives after
leaching were effective against Trametes versicolor,
probably because of non-evaporated ethanolamine in
preservatives that causes depolimerisation of lignin
(Humar et al., 2008) and prevents the growth of fungi.

A similar phenomenon has been observed
previously. Cu leaching data and performance data
were not clearly correlated in the experiment (Thaler
et al., 2013), where Cu-ethanolamine impregnated
Scots pine was exposed to terrestrial microorganisms,
besides Cu-ethanolamine preservative exhibits good
performance in soil (12% (120 g kg') mass loss
after 18 weeks with Cu concentration 0.125%
(1.25 g kg')). A. Temiz et al. (2014) also investigated
Scots pine wood treated with CBA. Decay test was
made according to the European Standard EN 113
(1996) and mass loss due to exposure to Coniophora
puteana was 0.28% (2.8 g kg') for unleached
specimens. After accelerated ageing, according to
the European Standard EN 84 (1997), mass loss was
0.19% (1.9 g kg"). These results are considered to fit
durability class 3 according to the European Standard
EN 350-2 (1994). These results significantly differ
from the results obtained in this research, presumably
because of the higher initial Cu content in the wood
samples, as mentioned before.

Conclusions

As expected, wood impregnation with micro-Cu
or Cu-boron-triazole containing wood preservatives
does not affect elemental composition of wood.

Both of investigated treatments proved to be
inappropriate for wood materials that can be used
outdoors (durability class 3, EN 350-2, (1994))
because of its sensitivity to brown-rot fungi
Coniophora puteana. It is likely that concentrations
of preservatives used on wood were too low. It is
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recommended to repeat the experiment using higher
concentrations in order to provide sufficient protection.
However, the treated wood met the requirements for
the 3 durability class due to mass loss after exposure
to Trametes versicolor. It could be due to the altered
structure of lignin after exposure to ethanolamine as
lignin is the most affected wood component due to
exposure to white-rot.

During leaching micro-Cu impregnated wood
releases twice as much Cu than Cu-azole treated wood.
However, it is not clearly perceivable, why there are

no statistically significant differences between mass
losses of both treated specimens, due to exposure to
Coniophora puteana.

Acknowledgements
The author gratefully acknowledges
the financial support by the Latvian State

Research Programme ‘Forest and earth entrails
resources: research and sustainable utilization — new
products and technologies’ NatProd (2014-2017).

References

1.

EN 113 (1996) Wood preservatives — Test method for determining the protective effectiveness against wood
destroying basidiomycetes — Determination of the toxic values, 31 p.

Copenhagen, 51 p.

2. EN 350-2 (1994) Durability of wood and wood based products. Natural durability of solid wood. Part 2:
Guide to natural durability and treatability of selected wood species of importance in Europe, 35 p.

3.  EN 84 (1997) Wood preservatives — Accelerated ageing of treated wood prior to biological testing —
Leaching procedure, 7 p.

4. Commission Directive 2003/2/EC of 6 January 2003 relating to restrictions on the marketing and use of
arsenic (tenth adaptation to technical progress to Council Directive 76/769/EEC). Available at: http://eur-
lex.europa.eu/legal-content/EN/TXT/?7uri=CELEX:32003L0002, 13 March 2015.

5.  Freeman M.H., McIntyre C.R. (2008) Cu-Based Wood Preservatives: A comprehensive review. Forest
Product Journal, 58 (11), pp. 1-27.

6. Grantina-levina L. (2013) Jaunakie petfjumi par koksni noardo$am séném (State of art in research of
wood decay fungi). Available at: http:/priede.bf.lu.lv/grozs/Mikrobiologijas/Daudzveid/Lekcija 3
biodegradacija_2013.pdf, 12 March 2015. (in Latvian).

7. Hasan A.R., Hu L., Solo-Gabriele H.M., Fieber L., Cai Y., Townsend T.G. (2010) Field-scale leaching
of arsenic, chromium and Cu from weathered treated wood. Environmental Pollution, 158 (5), pp. 1479-
1486.

8. Humar M., Bu¢ar B., Pohleven F., Zlindra D. (2008) Influence of ethanolamine on lignin depolymerization
and Cu leaching from impregnated wood. Wood Research, 53 (4), pp. 85-94.

9. Irbe ., Andersons B., Chirkova J., Kallavus U., Andersone I., Faix O. (2006) On the changes of pinewood
(Pinus sylvestris L.) Chemical composition and ultrastructure during the attack by brown-rot fungi Postia
placenta and Coniophora puteana. International Biodeterioration and Biodegradation, 57 (2), pp. 99-106.

10. Janberga A., Irbe I., Biziks V., Kurnosova N., Asatiani M.D., Andersons B., Andersone 1. (2013)
Biodegradation of treated softwood and hardwood species by brown rot fungi. Environmental and
Experimental Biology, 11, pp. 17-22.

11. Love C.S., Gardner B., Morrell J.J. (2014) Metal accumulation in root crops grown in planters constructed
from Cu azole treated lumber. European Journal of Wood and Wood Products, 72 (3), pp. 411-412.

12. Lupsea M., Mathies H., Schoknecht U., Tiruta-Barna L., Schiopu N. (2013) Biocide leaching from CBA
treated wood - a mechanistic interpretation. The Science of the Total Environment, 444, pp. 522-530.

13. LVS EN 15104 (2011) Solid biofuels - Determination of total content of carbon, hydrogen and nitrogen -
Instrumental methods, 18 p.

14. Matsunaga H., Kiguchi M., Evans P.D. (2008) Microdistribution of Cu-carbonate and iron oxide
nanoparticles in treated wood. Journal of Nanoparticle Research, 11 (5), pp. 1087-1098.

15. Pankras S., Cooper P.A., Wylie S. (2012) Relationship between Cu species in solution and leaching from
alkaline Cu quat (ACQ) treated wood. Holzforschung, 66 (4), pp. 505-514.

16. Salminen E., Valo R., Korhonen M., Jernlds R. (2014) Wood preservation with chemicals:
Best Available Techniques (BAT). Nordic Council of Ministers,

Available at: https://books.google.com/books?id=JIJIBAAAQBAJ&pgis=1, 12 March 2015.

17.

Shibata T., Solo-Gabriele H.M., Fleming L.E., Cai Y., Townsend T.G. (2007) A mass balance approach for
evaluating leachable arsenic and chromium from an in-service CCA-treated wood structure. The Science
of the Total Environment, 372 (2-3), pp. 624-635.

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2 85



LEACHING AND DURABILITY OF
COPPER TREATED SCOTS PINE

Anete Meija-Feldmane (PINUS SYLVESTRIS L.) WOOD

18.

19.

20.

21.

22.

23.

24.

Stirling R., Drummond J.,, Zhang J., Ziobro R. J. (2008) Micro-Distribution of
Micronized Cu in Southern Pine. The international research group on wood protection.
Available at: http://www.osmosewood.com/pressroom/images/IRG 08-30479.pdf, 12 March 2015.

Temiz A., Alfredsen G., Yildiz U.C., Gezer E.D., Kose G., Akbas S., Yildiz S. (2014) Leaching and
decay resistance of alder and pine wood treated with Cu based wood preservatives. Maderas. Ciencia Y
Tecnologia, 16, pp. 63-76.

Temiz A., Yildiz U.C., Nilsson T. (2006) Comparison of Cu emission rates from wood treated with different
preservatives to the environment. Building and Environment, 41 (7), pp. 910-914.

Thaler N., Lesar B., Humar M. (2013) Performance of Cu-Ethanolamine-impregnated Scots Pine Wood
during Exposure to Terrestrial Microorganisms. BioResources, 8 (3), pp. 3299-3308.

Vetter L., Depraetere G., Janssen C., Stevens M., Acker J. (2008) Methodology to assess both the efficacy
and ecotoxicology of preservative-treated and modified wood. Annals of Forest Science, 65 (5), pp. 504-
504.

Wang W., Zhu Y., Cao J. (2013) Evaluation of Cu Leaching in Thermally Modified Southern Yellow Pine
Wood Impregnated with ACQ-D. BioResources, 8 (3), pp. 4687-4701.

Xue W., Kennepohl P., Ruddick J. (2012) Investigation of Cu solubilization and reaction in micronized Cu
treated wood by electron paramagnetic resonance (EPR) spectroscopy. Holzforschung, 66, pp. 889-895.

86

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2



FORESTRY AND WOOD PROCESSING

EFFECT OF THERMAL MODIFICATION ON WOOD COLOUR

Dace Cirule'?, Edgars Kuka'

Latvian State Institute of Wood Chemistry
2L atvia University of Agriculture
xylon@edi.lv

Abstract

Colour and colour homogeneity are of special importance for establishing the quality of wood products. In the
present study the effect of thermal treatment at 140 °C and 170 °C on colour and its homogeneity was studied for
aspen (Populus tremula L.), grey alder (Alnus incana Moench) and ash (Fraxinus excelsior) wood. Wood colour
was monitored and evaluated by spectrophotometrical measurements of reflectance spectra and colour parameter
calculations using CIELAB colour model with L* as the lightness, and a* and b* as the chromatic parameters.
Wood colour changed substantially and all studied types of wood acquired quite similar colour due to the thermal
treatment with greater discolouration and almost the same colour detected for treatment at 170 °C. The average colour
difference within a board surface as well as among boards of one species was found to be less than 3 DEab units for
all thermally treated specimens which can be regarded as hardly perceptible colour difference. However, noticeable
differences in colour were detected between the surface and inner layers of thermally treated wood boards. Greater
colour heterogeneity throughout the depth of a board was detected for woods treated at 140 °C.

Key words: colour homogeneity, thermal treatment, wood.

Introduction

Thermal wood modification is currently one of
the most commercially successful wood treatment
methods aimed at production of value-added product
(Hill, 2011). There are several thermal modification
processes induced in production, differing in
modification process parameters (temperature,
pressure, duration, oxygen shielding atmosphere)
as well as wood material (species, wood moisture
content - green, dry). However, all these processes
include wood subjection to high temperature in a
reduced oxygen atmosphere. Wood properties are
permanently changed due to the transformation of
wood chemical structure by autocatalytic reactions
of the cell-wall constituents during thermal treatment
(Tjeerdsma et al., 2005; Gonzalez-Peiia et al., 2009).
Chemical changes in wood result in an irreversible
improvement of its dimensional stability and enhanced
resistance against wood-destroying fungi without
using any harmful reacting chemicals, which is an
important aspect concerning environmentally friendly
management and sustainability (Yildiz et al., 2011).
Another consequence of chemical transformations in
wood during thermal treatment is the changed wood
colour which can be regarded as another benefit of
thermally modified wood. Consumers often prefer
thermally modified wood just due to its altered colour
and sometimes it is even used as an alternative for
tropical woods (Ayadi et al., 2003; Esteves et al.,
2008; Miklecic¢ et al., 2011; Schnabel et al., 2007).

However, concurrently with above-mentioned
benefits, heat treatment commonly results in
substantial loss of wood strength. Accordingly,
thermally modified wood is mostly recommended for
non-structural usage. Therefore, the main use areas
of thermally modified wood are garden furniture,

flooring, building facades, decking for terraces and
similar (Béchle et al., 2010). In all these applications,
wood serves as a functional as well as a decorative
material. For its decorative function, colour and
colour homogeneity are of special significance, since
the colour is an important parameter to establish the
quality of wood products.

The colour of an object is formed when chemical
components named as chromophores absorb certain
wavelength of the incident light in a visible range of
solar spectrum and the rest part of the light spectrum
is reflected which subsequently can be perceived by
a human eye. Therefore, the colour characteristics
of wood depend on its chemical composition that
can interact with light (Hon and Minemura, 2001).
A number of chemical reactions, including formation
of a range of new chromophoric groups, occur during
the thermal modification. Accordingly, wood acquires
characteristic lighter or darker brown colour. Colour
changes in wood due to thermal treatment have been
investigated by several researchers (Menezzi et al.,
2009; Mitani and Barboutis, 2013; Chen et al., 2012;
Lovri¢ et al., 2014). It is commonly reported that wood
becomes darker when subjected to the heat treatment
and the degree of darkening depends on the process
conditions. However, these studies have been mainly
focused on the average wood colour changes and there
is scarce information concerning colour homogeneity
of thermally modified wood. Besides, ambiguous
results are established regarding colour uniformity
in wood due to its thermal treatment. Johansson and
Morén (2006) found that colour distribution through
the thermally treated boards was not homogeneous.
Dubey et al. (2011) established that at lower treatment
temperatures there were colour differences between
two surfaces of modified boards - decreased when
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the treatment temperature was raised, and no visible
colour difference was found for boards treated at
temperature 180 °C and higher, which denote that the
homogeneity of wood colour depends on the treatment
conditions. Brischke et al. (2007) observed that there
was a higher scattering of colour in thermally modified
solid wood compared to milled wood, which implies
some colour heterogeneity on surface of the thermally
treated board.

The objective of the present study was to
investigate the effect of thermal treatment of wood in
a water vapour medium at two temperatures on the
alteration in wood colour and its homogeneity. Three
common hardwood species in Latvia —aspen (Populus
tremula L.), grey alder (Alnus incana Moench) and ash
(Fraxinus excelsior), were used in the present study.

Materials and Methods

Wood boards of aspen (Populus tremula L.), grey
alder (Alnus incana Moench) and ash (Fracsinus
excelsior) without any visible defects measuring
1000 % 100 x 25 mm were supplied by sawmill. The
thermal mofification of boards were performed in a
laboratory experimental wood modification device
produced by Wood Treatment Technology (WTT).
The modification was carried out in a water vapour
medium at super atmospheric pressure (0.6 MPa).
Treatments were performed at two operative treatment
temperatures — 140 °C and 170 °C, duration of the
treatment at the efficient temperature was one hour
for both regimes. After modification, the boards were
conditioned at 20 °C and 65% relative humidity.

For evaluation of wood surface colour
homogeneity, both sides of the conditioned boards
wereplaned. In the same way, specimens of untreated
boards of the same species were prepared. Whereas,
boards intentioned for evaluation of wood colour
homogeneity along (throughout) the thickness of the
board, were planed prior to the thermal treatment.

A portable spectrophotometer Minolta CM-2500d
(standard illuminant D65, d/8° measuring geometry,
10° standard observer, measuring area @ 8§ mm)
was used for wood reflectance spectra and colour
measurements. Reflectance spectra were recorded
against a white optical standard in the wavelength
range from 360 to 740 nm with a scanning interval
of 10 nm. Colour was expressed in accordance
with the CIELAB colour model (introduced by
the International Commission on lllumination
(Commission Internationale de 1’Eclairage), 1976)
which is mostly used for objective quantification of
colour and colour differences in wood. According
to this model, each colour is a point in the three-
dimensional colour space with the colour parameters
L*, a*, b*, where parameter L* describes the lightness
(from zero — black to 100 — white) and parameters a*

and b* describe the chromaticity coordinates on the
green-red and yellow-blue axis, respectively. From
the L*, a*, b* parameter values obtained at two points,
the differences of the colour parameters AL*, Aa*,
Ab* and the total colour difference AEab between
these two points were calculated according to DIN
6174 2007:

A, =((ar) + (s’ +(Ab*)2); W

The AEab value corresponds to the shortest
distance in the CIELAB colour space between the
two points. Chromaticity change, which characterises
change in colour intensity, was calculated according
to the equation:

acr=((aa) + (a5 o

The effect of thermal treatment on colour
uniformity of wood was evaluated in three levels:

- Surface colour homogeneity in a board. Colour
parameters (L*, a*, b*) were measured at 15 points
on each board two surfaces and colour differences
AEab between all possible pairs of measured points
(105 combinations) were computed according to the
equation (1). The average colour difference, which
represented the colour homogeneity of the particular
board, was calculated from the colour differences of
these pairs. Six boards were used for the evaluation
of surface colour homogeneity for each treatment
regime.

- Inter-board homogeneity. For each surface of six
boards, average values of colour parameters (L*, a*,
b*) were calculated from measurements at 15 points
on the surface. These average values represented
the colour parameters of the board in the further
calculations. Colour differences AEab between all
possible pairs of board surfaces were calculated
(66 combinations) according to the equation (1).
The average inter-board colour difference, which
represented colour homogeneity characteristic to the
treatment regime, was calculated from the colour
differences of these pairs.

- Homogeneity of colour throughout the board
thickness. Wood layers were planed down from both
surfaces of the boards with a step of 2 mm. Colour
parameters (L*, a*, b*) were measured at five points on
each planed surface and the average values calculated.
Colour differences AEab between the surface and each
of the planed surface were calculated.

In the case of ash wood, boards containing both
sapwood and heartwood were used and measurements
were performed individually on the sapwood and
heartwood parts.
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Table 1

Changes in colour parameters and total colour changes (AEab) of woods due to thermal treatment

Treatmento Wood AL* Aa* Ab* AC* AEab
temperature (°C)
Aspen -24.7 (1.8) 7.6 (0.1) 3.6 (0.9) 5.2 (0.9) 26.1 (1.6)
140 Grey alder -10.3 (1.6) -2.6 (0.2) -1.9(0.8) -2.8(0.9) 10.8 (1.6)
Ash-sapwood -24.5 (0.8) 6.9 (0.5) 5.0 (1.5) 6.9 (1.5) 25.9 (0.5)
Ash-heartwood -10.9 (1.6) 2.8 (0.5) 4.1(0.8) 4.8 (0.8) 12.0 (1.5)
Aspen -64.5 (1.7) 8.3 (0.6) -0.6 (0.6) 1.6 (1.7) 47.2 (1.6)
170 Grey alder -29.4 (1.6) -2.2(0.2) -6.0 (1.1) -6.4 (1.0) 30.1 (1.8)
Ash-sapwood -49.2 (1.7) 4.1(0.9) -8.0 (1.9) -6.0 (2.1) 50.0 (1.8)
Ash-heartwood -35.1(1.7) 0.5 (0.9) -8.4(1.9) 7.3 (2.1) 36.1(1.9)

Values in parenthesis are standard deviations

AL* - changes in lightness, Aa*- changes in parameter a*, Ab* - changes in parameter b*, AEab — total colour changes

Results and Discussion

Spectrophotometrical ~ colour ~ measurements
showed that thermal treatment had caused changes
in all colour parameters for all woods which resulted
in substantial total colour changes AEab (table 1) and
the magnitude of changes differed on the species. The
treatment at a higher temperature (170 °C) facilitated
greater colour changes AEab.

Woods darkened (negative AL* values) at both
studied treatment conditions and a greater reduction
in lightness was detected for wood treated at the
higher temperature which agrees with earlier findings
(Esteves et al., 2008; Srinivas and Pandey, 2012).
Decrease in lightness indicates that components
absorbing visible light were formed during thermal
treatment (Yao et al., 2012). Reduction in lightness
due to thermal treatment is a well established effect
(Brischke et al., 2007; Tuong and Li, 2010; Chen et
al., 2012), while different trends have been observed
concerning changes in chromaticity parameters, which
can be explained by different treatment conditions and
durations as well as different wood species used for
the experiments. Yao et al. (2012) observed increase
in both chromaticity parameters (a* and b*) of wood
due to thermal treatment, while Chen et al. (2012)
found that the yellowness parameter b* decreased
during wood thermal modification in both oxygen and
nitrogen atmosphere. In the present study, the changes
in the colour parameters a* and b* and consequently in
chromaticity C*, evolved differently depending on the
treatment temperature. Different effects of treatment
conditions on changes in chromaticity were stated also
by other researchers (Schnabel et al., 2007; Menezzi
etal., 2009; Lovri¢ et al., 2014). These results indicate
that different chromophores are formed during wood
thermal treatment at different conditions. Besides,
the trends of changes in chromaticity differed for
the studied wood species. Chromaticity of grey
alder decreased at both treatment conditions and
greater reduction was detected at 170 °C. Aspen
and ash woods showed increase in chromaticity at

140 °C whereas elevated treatment temperature
(170 °C) caused a substantial reduction in
chromaticity. Different behaviour of wood during
thermal treatment regarding the patterns of changes
in chromaticity, implies the formation of diverse
chromophoric systems, which may be attributed to
variations in the chemical composition of different
species.

According to the data recorded in Table 1, the
colour of aspen and ash-sapwood was changed
more considerably. Analysis of impact of each
colour parameter on the total colour change AEab,
showed that decrease in the lightness (AL*) was the
dominant contributor to the colour changes of all
studied specimens, but for aspen and ash-sapwood
the dominance of changes in lightness was more
pronounced. These two types of wood, when not
thermally treated, are significantly lighter than grey
alder and ash-heartwood. Consequently, the greater
decrease in lightness of these two types of wood due
to thermal treatment resulted in quite similar colour
parameters (not shown) of treated wood. It means that
during the thermal modification all wood acquired
more alike appearance regarding their colour. This is
also well illustrated by the reflectance spectra presented
in Figure 1. The reflectance spectra of unmodified
wood (Fig. 1-a) differ noticeably. Substantial loss in
reflectance with concurrent reduction of difference in
reflectance among wood was observed after thermal
treatment at 140 °C (Fig. 1-b). Moreover, there is
only a slight difference among reflectance spectra of
all studied wood after modification at 170 °C (Fig.
1-c), which implies that studied wood became quite
uniform in colour during the thermal treatment.

It may be an advantage for decorative applications,
that pronounced colour difference  between
ash sapwood and heart wood was substantially
reduced during the thermal treatment. Ash colour
homogenisation is corroborated by the results of
evaluation of colour differences AEab between ash-
sapwood and ash-heartwood: for unmodified wood
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Figure 1. Reflectance spectra of unmodified and thermally modified aspen, grey alder, ash-sapwood and ash-
heartwood: a) unmodified; b) modified at 140 °C; ¢) modified at 170 °C.

-14.7 units, for wood treated at 140 °C — 6.6 units and
for wood treated at 170 °C — 1.4 units, respectively. It
proves that the treatment at 170 °C ensured uniform
colour of ash sapwood and heartwood, as AEab
= 2-3 units is approximately the limit for human
eye to recognize a colour difference (Sundqvist
and Morén, 2002). This finding agrees with the
observation of Lovri¢ et al. (2014) who investigated
colour changes during thermal treatment of veneers
manufactured from poplar species with a pronounced
colour difference between sapwood and heartwood.
They established that the thermal treatment reduced
the colour difference and at a certain temperature it
dropped into the category of no perceptible colour
difference (AEab < 2).

More or less variation in colour isacommon feature
of all types of wood and the nature and magnitude
of characteristic colour difference depends on wood
species (Buchelt and Wagenfiihr, 2012). Extractives
are known to be mainly responsible for specific colour
of unmodified wood while coloured products formed
from extractives and hemicelluloses degradation as
well as quinones like products stemmed from lignin
have been considered as a reason for wood colour
change due to thermal treatment (Yao et al., 2012).

In general, from all analysed homogeneity levels,
smaller average differences were detected for colour
within the board surface. Unmodified ash-heartwood
was the most heterogeneous wood regarding the board

2,
-

L

Colour difference AEab
(%]

(=1

Ash-sapwood Ash-heartwood

Aspen

Grey alder

OUnmodified 2140°C m170°C

surface colour but even in this case the average colour
difference was only 3.1 AEab units (Fig. 2a).

The average colour differences were between 2 and
3 AEab units for all other specimens which allowed
to regard their colour as quite homogenous. Besides,
these differences were statistically insignificant
(p>0.05). Thermal modification resulted in an even
more uniform colour within the board surface for grey
alder and ash wood while aspen wood became less
homogenous regarding its colour. However, the colour
difference of thermally treated aspen wood still was
hardly perceptible (AEab = 2.4). Thus, boards with a
uniform surface colour were produced during thermal
treatment at both studied temperatures.

Among all studied specimens, the highest inter-
board heterogeneities were found for unmodified
grey alder and ash-heartwood (Fig. 2b) for which the
average colour difference reached 3.9 and 3.4 units,
respectively. Average colour differences of the other
specimens were less than 3 AEab units. Similarly
as in the case of a board surface, the average colour
difference among boards of all studied types of
wood decreased during the thermal treatment and
the decrease in colour difference was even more
pronounced. Similar results were established by
Dubey et al. (2011) who examined thermally treated
Pinus radiata and found that the colour difference
between the two board surfaces was smaller for
thermally treated than unmodified wood.

g
3 =

Colour difference AEab
(3]

Aspen

Grey alder  Ash-sapwood Ash-heartwood

OUnmodified @140°C ®m170°C

Figure 2. Colour difference AEab of thermally modified aspen, grey alder, ash wood and ash-heartwood:
a) within a surface of the board; b) among boards.
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Figure 3. Colour difference AEab between the surface and the inner layers of boards of thermally modified
aspen, grey alder, ash: a) modified at 140 °C; b) modified at 170 °C.

However, noticeable differences in colour were
detected between the surface and inner layers of
thermally treated wood boards (Fig. 3). Greater
reduction in lightness and increase in chromaticity
parameters a* and b* were found for all studied
specimens at the board surfaces compared to deeper
layers. The statistical analysis showed that the
differences between the board surfaces and deeper
layers were significant (p<0.05). The reason of these
colour differences could be an uneven temperature
distribution throughout the board thickness during
thermal treatment and was lower at the core of the
board which subsequently resulted in fewer chemical
transformations and fewer colour changes. Besides, the
surfaces of boards were exposed to more wet conditions
during treatment as the modification was carried out
in a water vapour atmosphere. It can significantly
contribute to a more intense discolouration as water
facilitates chemical decomposition of wood at high
temperatures.

For the boards treated at 140 °C (Fig. 3a), a
common trend was observed that the colour difference
between the surface and the layers underneath the
surface became lighter with an increase of the distance
between the two planes. The colour differences AEab
between the surface and all other examined planes
throughout the boards exceeded the AEab value of
3 units for all types of wood. The greatest colour
heterogeneity of wood in various depth from the
board surface was observed for aspen wood. During
treatment at 170 °C (Fig. 3b), more uniform wood
throughout the board was produced. Nevertheless, the
colour difference between the surface and the plane of
2 mm underneath the surface, which was the greatest
colour difference detected in boards subjected to this
treatment conditions, was greater than 3 AEab units.
Colour of aspen wood was the most heterogeneous
among the studied wood also for treatment temperature
of 170 °C. Johansson and Moren (2006) and Dubey et
al. (2001) have reported a similar trend that during the
thermal treatment wood acquired quite a homogeneous

surface while colour difference between surface and
core was found to be noticeable, though decreased
when the treatment temperature was raised.

By contrast, the difference between colour of
deeper layers were found to be smaller than 2 AEab
units (not shown) for all types of wood for both
treatment conditions and these differences were
statistically insignificant (p>0.05). It suggests that
the colour of thermally treated wood is homogeneous
under the upper layer. As boards, intended for the
evaluation of colour uniformity throughout the board
thickness, were planed before thermal treatment, the
substantial colour difference between the upper and
deeper layers might be avoided if rough boards were
thermally treated and subsequently the outer layer was
planed after the modification.

Conclusions

1. The colour of aspen, grey alder and ash wood
changed substantially during the thermal treatment
with greater discolouration detected for the
treatment at 170 °C. All studied types of wood
acquired quite similar colour due to the thermal
treatment.

2. The average colour difference within the board
surface as well as among boards was found to be
less than 3 AEab units for all thermally treated
specimens which can be regarded as a hardly
perceptible colour difference.

3. Noticeable differences in colour were detected
between the surface and inner layers of thermally
treated wood boards for all studied wood. A
greater colour heterogeneity throughout the board
was found for wood treated at 140 °C.
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Abstract

This paper describes the use of Scots pine (Pinus sylvestris L) bark humus and fine fractions for animal litter pellet
manufacture, and the efficacy of various additives in improving absorbency. In Latvia is no researge about litter pellet
manufacture of pine bark, and possibilities of increasing water absorbency; in internationals research papers there is
also no information about the possibilities of improving water absorbency of pine bark pellets with various additives.
The additives tested were fresh and fallen leaves, tree needles, dried hogweed and sawdust. Pellets were manufactured
with a ZLSP200B granulator at Adazi city, Latvia, in 2014. The results indicated that production of small diameter
pine bark pellets could be problematic. Absorbency of the pellets was tested both by rinsing and soaking the pellets,
and results were compared to woodchip particle litter pellets. It was found that the best absorbency was achieved
with adding up to 30% sawdust, which increased pellet absorbency both by rinsing and soaking. The results indicate
that it is possible to manufacture pellets using Scots pine (Pinus sylvestris L.) bark humus and fine fraction with good
absorbency which can be disposed of in sewerage systems.

Key words: bark pellets, animal litter, absorbency, renewable resources.

Introduction

The study aims to establish a practical use of
litter pellets from pine bark fine fraction and humus.
There are no pellet quality indicators or guidelines in
the regulatory framework for pellets used as animal
litter. In Latvia there are no studies about bark pellets,
and no research about obtaining bark pellets for litter.
There are only general animal welfare requirements -
pellets must produce dust, they have to be absorbent,
cannot be toxic, or contain compounds harmful to the
environment, animals or humans. Used pellets must
be easily disposed of. In practice, naturally dry or
dried plant biomass - straw, leaves, peat etc. is used for
pellet production. To prevent dust, raw plant material
can be used.

It is possible to purchase the animal litter sawdust
pellets with grass and soft deciduous tree leaf additives,
in pet store chains. To investigate the possibilities of
to using pine bark pellets as litter, we conducted an
experiment on the possibilities of using pine bark
for pellet production, manufactured pellet water
absorbency, and determined the chemical composition
of pine bark. The possibilities of using bark humus
and fine fractions as additives to various plant raw
materials (tree leaves, needles) was examined. Pine
bark is environmentally toxic (Anas et al., 1987), as
shown by long-term use of pine bark for mulching.
Analysis of the utilised pine bark indicates that it
does not contain hazardous substances in dangerous
concentrations. Mainly pine bark conteins cellulose,
heksozanes and lignin (more than 80%), and it also
contains pentazones, pentazones, suberines, sterols,
sugars and acids (I'pomosa et al., 1977; 1978) that
could not cause harm to animal and human health
(BacunbeBa, 1990). Chemical compounds in pine
bark are not volatile, and are not released at a

temperature of 105 °C; solubility of bark compounds
in water, acetone or ethanol is not higher than 8%,
solubility in alkaline aqueous solution — not higher
than 45% (KopOyxosa, 1995). Solubility of individual
compounds in animal urine has not been investigated
in the scientific literature. In addition, in Latvia wood
biomass is not contaminated with pesticides and heavy
metals, because it is not allowed to use chemical
products and fertilizers in forest areas.

Materials and Methods

For pellet production, pine bark mulch fractions and
pine bark humus were utilized, which are not suitable
for commercial mulch product because of their high
flow ability. Pellet size fractionation was performed
using a calibrated sieve set (3.15, 20.00, 1.00 and
0.500mm). Moisture content was determined using
a Precisia XM 120 moisture analyzer. Ash content of
the raw materials was calculated by determining the
mass of dry sample, incineration at 500 °C, and then
determination of residual ash mass (Table 1)

Studies were conducted in Latvia, Adazi and
Salaspils cities in 2014. Pellets were manufactured
using a ZLSP200B granulator with an interchangeable
matrix. Hole diameters of 8, 6 and 4 mm were used
(Ruiz Celma et al., 2012). Water was added during the
pellet formation to ensure solid pellet creation (Relova
et al., 2009). For determination of moisture content,
pellets were placed into closed polyethylene bags
prior to cooling, to ensure that the existing moisture
content was not altered. Cooled pellets were packed
into ventilated bags for further analyses. In order
to improve the pellet properties, raw bark materials
were added in various proportions (Tore et al., 2011),
as well as other plant material additives, which were
crushed in an M2 extruder type crusher.
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Table 1

Scots pine (Pinus sylvestris L) bark humus and fine fraction structure with and without additives

Sample Moisture, g | Ash content, Granulometry composition, mm
kg™ g kg! >3.15 | 3.15-2.00 | 2.00-1.00 | 1.00-0.500 | <0.500

Bark 206 23 25.4 34.6 24.4 10.9 4.7
Humus 349 339 7.9 25.4 38.2 23.3 5.2
Bark and humus (ratio 1:1) | 241 183 14.3 35.2 36.7 9.4 4.3
Bark with sawdust additive | 202 21 38.7 30.1 20.2 6.2 4.9
(10%)

Bark and humus with 246 180 20.8 33.9 32,5 10.0 2.8
sawdust additive (10%)

The absorbency of the manufactured pellets was
determined within 24 hours, taking a pre-determined
mass of pellets and soaking them in water at a room
temperature. After 24 hours, pellets were placed in a
sieve, allowing excess water to drain, and reweighed.
The increase in mass was the amount of water
absorbed by the pellets in 24 hours.

The absorbency of the pellets was also determined
by rinsing. Approximately 10 g of pellets were placed
in a single layer on a sieve rinsed with 10mL water
for approximately 15 s. Excess water was allowed
to drain and pellets were reweighed. The increase in
mass was the amount of water absorbed by the pellets
during rinsing.

The feasibility of disposal of the pellets in
sewerage systems was determined by placing water
saturated pellets in a tube which conformed with the
Construction Standard LBN 221-91. A known mass
of saturated pellets was flushed with 5L of water.
Pellets were collected at the other end of the tube and

weighed. A large mass difference indicated sediment
formation

Results and Discussion

The pine bark fine fraction and humus size
fractionation was performed 5 times, and the sample
average was calculated. Bark fine fraction and humus
granulometric structure, moisture and ash content is
shown in Table 1.

Various raw material mixtures were prepared
in the laboratory using pine bark fine fraction and
humus with addition of sawdust, pine needles, fallen
leaves, fresh leaves and dried hogweed (Heracleum
Sosnowsky) (Table 2). The mixtures were dried at the
room temperature to 15% moisture content, which is
approximately the moisture levels utilised in the pellet
manufacturing.

Granulation is done using four, six and eight
millimeter diameters. The six millimeter pellets were
used for further analyses, as these were the most

Table 2
Additives and properties of bark pellets
Base Additive Additive gontent, Absorption byl rinsing, | Absorbtion (Zf‘r hours),
g9 mLg mL g
Bark - 0 0 0.326
Bark leaves 0.05 0.030 0.646
Bark needles 0.05 0.038 0.517
Bark withered leaves |0.05 0.028 0.446
Bark sawdust 0.05 0.029 0.555
Bark sawdust 0.10 0.039 0.625
Bark hogweed 0.05 0.029 0.502
Bark humus 0.50 0.039 0.499
Humus - - 0.039 0.500
Bark and humus sawdust 0.10 0.038 1.112
Bark and humus sawdust 0.17 0.039 1.732
Bark and humus sawdust 0.23 0.048 1.825
Bark and humus sawdust 0.33 0.078 1.837
Bark and humus sawdust 0.29 0.087 1.849
Bark and humus sawdust 0.50 0.094 1.932
Commercial litter pellets |- 0 0.162 4.213
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suitable for both pellet production and use. 8mm
diameter pellet production was equally efficient as
for 6mm pellets, but 4mm diameter pellet
granulation was highly problematic, as the raw
material obstructed matrix openings and the
granulation process was halted after a few minutes.
As a result, the production of 4mm pellets from the
pine bark fine fraction and humus was not technically
possible. The raw materials were hydrated according
to thr requirement, to promote a better pellet formation.
The manufactured pellet optimum moisture content
ranged from 15% to 20% of dry mass. Pellets with
lower moisture content were looser in form, but pellets
with a higher moisture content often disintegrated
during drying and cooling.
Water absorbency of pellets was determined by
rinsing and soaking them for 24 hours (Table 2). As a
comparison, commercial woodchip litter pellets also
were tested

Increasing amounts of additives enhance pellet
absorbency, with sawdust giving the largest increase
of absorbency. The water absorbency of pine bark fine
fraction and humus additives was similar, and as the
proportion of these two additives in the raw materials
obtained was similar, they could be used as additives
in the pellet production in equal proportions. Pine
bark humus contains a high amount of minerals (high
ash content), which indicates the presence of soil and
sand particulate matter, so it is not recommended to
use only humus as an additive for pellet manufacture,
as this would increase wear and tear on granulator
mechanisms. To increase the pellet absorbency, we
recommend addition of bark mixture (humus and
fine fraction) in combination with sawdust, up to a
proportion of 0.1 to 0.3 g g''. Increasing the amount
of additives, only slightly improves pellet absorbency,
and in addition, a high proportion of additives might
reduce pellet mechanical strength, which can be
significant during pellet drying and transportation
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Conclusions

1. Formation of pellets manufactured using pine bark
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materials with a moisture content of 15 - 20%,
as well as additionally moistening them during
the granulation process, it is possible to obtain
mechanically strong pellets with a strong surface.
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mix. Addition of up to 30% sawdust improves the
absorbency of pellets manufactured using pine
bark fine fraction and humus and other fresh and
dried plant material as additives.

3. Pellets manufactured with pine bark additives
can be flushed in properly constructed sewerage
systems without blocking or forming deposits in
sewer pipes.
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Abstract

The article presents the findings of research aiming to discover the links between absorption of European funds and the
development of rural areas in Latvia and Poland. Based on statistical data and Latvian territorial development index
at local level, the value of index for Polish local communities was calculated showing a slightly bigger differences
in local development in Poland. Absorption of EU funds was rather concentrated in both countries and its highest
level was connected with major infrastructural projects as construction of roads, motorways, etc. The use of EU
funds under Cohesion Policy is not correlated with the level of development, neither in Latvia nor in Poland. The
only significant negative correlation can be observed between the development and the use of funds under Common

Agricultural Policy and Fisheries Policy in Latvia.

Key words: EU funds absorption, local development, rural areas, rural development level, Latvia, Poland.

Introduction

The main aim of the Cohesion Policy (also
called regional policy) is to support the process of
convergence in selected areas of the EU member states
and improve their competitiveness. Regional policy is
set to equalize inter-regional differences by supporting
development processes in less developed areas, which
in the new member states consist mainly of rural areas
(European Commission, 2007). Regional Policy in
the EU countries is delivered by three main funds:
the European Regional Development Fund (ERDF),
the European Social Fund (ESF) and the Cohesion
Fund (CF). Additionally, there is a high role of the
European Agricultural Fund for Rural Development
(EAFRD) and the European Maritime and Fisheries
Fund (EMFF), especially in rural areas, where they
improve the quality of life of residents, support
agriculture, fishery and contribute to the development
on a regional and local scale.

From the new member states, which joined the EU
after 2004 the amount of allocated funds (in the period
2007-2013) was the highest in Poland (67 billion
EUR), and one of the smallest (4.5 billion) in Latvia,
although the amount of funds per capita was higher
there (KPMG, 2014). European funds and their role
in developing the economies is a common topic of
academic studies undertaken by many authors (among
others: Tetere V., 2009; Pilvere 1., Bulderberga Z.,
2009; Wojewodzka-Wiewiorska A., 2012), although
not every aspect was a subject to detailed studies.
Therefore the goal of this research was to discover links
between absorption of EU funds and the development
of rural areas in Latvia and Poland. In the first part
of the article the differences in development level of
municipalities are shown. The second part analyzes
the amount of EU funds from the period 2007-2013
absorbed on a local level. At the end, the main goal
of the paper is discussed with some final conclusions.

Materials and Methods

Development of rural areas was shown on the
second Local Administrative Unit (LAU-2) level, in
Latvia rural areas were defined as 110 municipalities
(without 9 republican cities), in Poland as 2413
municipalities of all types: rural, urban and urban-
rural (without 66 city districts).

The research was conducted using statistical
data published in local databank by Polish Central
Statistical Office (CSO) and data gathered in Regional
Development Indicators Module (RDIM) by Latvian
State Regional Development Agency (CSO, 2015;
RDIM, 2015). As an indicator of local development
level the Latvian territorial development index was
used. At local level of counties (in Latvian - novadi)
it consists of 4 elements: level of unemployment,
Personal Income Tax revenues of municipalities,
demographic load and population change in previous
5 years (SRDA, 2012). The author, due to data
availability and comparability decided to use this
indicator with consciousness that it does not include
all possible components of local development. The
data for Latvia were collected from the Regional
development indicators module, but for Poland the
source was the CSO, whose data were recalculated
using the same methodology as in Latvia. To make the
data comparable, score standardization was performed
using the Formula 1:

s )

where:

y — is a specific area indicator characterizing the
standardized value,

x — indicator value for territory in their specific units,
x — arithmetic mean of the reference area group,

s — standard deviation.
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Figure 1. Level of local development in Latvia and Poland.
Source: author’s elaboration based on Regional development indicators
module data and calculations based on CSO data.

Further, the standardized values of part indicators
were summed with the appropriate (same as for
Latvia) weighting factors. In this way the territorial
development index for Latvia and Poland can be
compared, although data for Poland are shown as of
31 December and in Latvia they come from different
months during the year. The analyzed variables are
normally distributed.

The data of EU funds absorption were also
collected from the above mentioned sources: for Latvia
it was the sum of ERDF, ESF and CF project funding
amount (actually carried out payment amounts). In
addition (only for Latvia due do data availability),
it was also possible to analyze the EAGGF, EAFRD
and EFF funds absorption. In Poland, the total public
financing value of completed projects co-financed by
the European Union, implemented under the National
Strategic Reference Framework 2007-2013 was
taken into account. The data of CSO from National
Information System (KSI SIMIK 07-13) were used.
Polish data refer to projects in a territorial unit, but
the designed conversion algorithm causes that the
data presented in the reports should be regarded as
approximate (in case of projects implemented in
many municipalities, their value have equal shares in
proportion in each municipality).

The period of analysis covers years 2009-2013,
due to the availability of statistical data for both
countries at the time of research at the beginning of
the year 2015. The data was presented using tables,
graphs and maps created using QGIS and Statistica
software.

Results and Discussion
Development of rural areas

The level of development of rural communities was
analyzed based on the territorial development index
prepared by Latvian State Regional Development
Agency. As of the beginning of the study period
(2009), the development index took a slightly higher
spread in Poland, where the highest index value was
3.84, while in Latvia only 2.77. The lowest values
were similarly around — 2.2.

Level of development of rural areas in Poland
and Latvia has similar spatial differentiation (Fig. 1).
It is high around the capitals (Warsaw and Riga) and
larger cities (Poznan, Wroclaw, Gdansk in Poland,
Ventspils in Latvia). This is mainly caused by high
inflow of wealthy population to suburban zones. The
less developed areas concentrate in central and eastern
Poland (besides surroundings of Warsaw), what was
caused by high demographic load in communities
located in north-eastern Poland or high unemployment
in surroundings of Radom. The analysis leads
therefore to conclusions similar to those reached by
other researchers of rural development in Poland. In
Latvia, similarly, the lowest level of development
characterizes the peripheral areas in the eastern and
also in south-western part of the country.

Absorption of EU funds

The absorption of European funds among analyzed
countries was higher in Poland (67 billion EUR) in
comparison to 4.5 billion EUR in Latvia, although
the amount of funds per capita and the average
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project value was higher there. The mean value of
conducted projects per Latvian municipality was
11.2 million EUR and 1085 EUR per inhabitant. In
Poland, the average value was two times smaller and
amounted 5.01 million EUR and 476 EUR per capita.
According to the RDIM data, Latvian municipalities
located in rural areas acquired around 1.2 billion EUR
from funds implemented under the Cohesion Policy
(SRDA, 2015). The largest amount of funds went to
municipalities located around Riga: Marupes nov.
(development of infrastructure at the Riga international
airport), In¢ukalna nov. (establishment of wood pellet
manufacturing plant and water system enhancing)

Sum of EU funds (EFRD, ESF, CF) 2009-13 per capita [EUR]
I 2601.77 - 3797.07 EUR per capita
B 1824.8879 - 2601.7748

[ 1086.1729 - 1824.8879

[] 547.1597 - 1086.1729

[ 110.4870 - 547.1507

and Babites nov. (reconstruction of motorways AS,
A9 and A10) and around Ventspils - Ventspils nov.
(reconstruction of motorway A10 and other roads)
(Fig. 2). The funds use was quite concentrated: 15%
of communities raised the half of all funds.

The EAGGF, EAFRD and EFF funds absorption
is clearly connected with the division for central
and peripheral areas and employment in agriculture.
Higher amount of these funds was acquired in rural
communities with lower development level, located
not in the vicinity of Riga, mainly in the southern part
of Latvia (Fig. 3).

Figure 2. Absorption of EU funds in Latvian communities.
Source: author’s elaboration based on Regional development indicators module data.

Sum of EU funds (EAGF, EAFRD, EFF) 2009-2013
I 3928.22 - 6679.80 EUR per capita
I 2946.25 - 3928.22

[ 1992.68 - 2946.25

[ 924.19 - 1992.68

[ 2071 - 924.19

Figure 3. Absorption of EU funds for rural development in Latvian communities.
Source: author’s elaboration based on Regional development indicators module data.
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The sum of EU funds absorption
per capita (2009-2013)

Bl 3656.42 - 7546.49 EUR
B 1638.81 - 3656.42

[ 796.91 - 1638.81
[1331.05 - 796.91

[ 0.00 - 331.05

Figure 4. Absorption of EU funds in Polish communities in rural areas.
Source: author’s elaboration based on data of local databank of CSO.

In Poland 50% of funds were acquired by 13.5% of
communities (Fig. 4). The total amount of conducted
projects in Poland amounts 12.1 billion EUR. In
Poland, no clear spatial concentration can be seen.
The highest amount of funds went to the communities
where major infrastructural projects were conducted.
These were mainly motorway and other road
constructions or railway modernization projects, as
the motorway A8 near Wroclaw, express road S19,
infrastructure development of Rzeszow-Jasionka
airport, construction of sewage or water supply
systems (MID, 2015). Other types of projects were
investments in wind farms and other industries: flue
gas desulphurization installation in Belchatow power
plant, installation of solar collectors, waste recycling
plants and implementation of other new technologies.

Links between EU funds and rural areas’ development
Figures 5 and 6 show the dispersion of communities
according to their level of development and the

amount of EU funds absorption per inhabitant. Also,
linkages between absorption of European funds and
the level of development of analyzed communities at
the beginning of studied period can be seen.

On the basis of the above placed scatterplots,
the use of EU funds under Cohesion Policy (ERDF,
ESF, CF) seems weakly correlated with the level
of development, both in Latvia and in Poland and
it does not have a linear dependence. Although one
can see a very slight connection between the
territorial development index and the absorption of
funds (the higher development, the higher absorption),
the correlation coefficients are statistically
insignificant. The study does not allow to state clearly
if the variables are independent or not, however in
Latvian communities a group of better developed
units (with territorial development index >1.5) with
relatively high absorption can be observed. These
are mainly the novadi located in the vicinity of Riga,
for example Marupe, Babite, or Stopini. In Poland,
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EU funds absorption (ERDF, ESF, CF) 2009-2013 per inhabitant
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Figure 5. Absorption of EU funds and the development of rural areas in Latvia.
Source: author’s elaboration based on Regional development indicators module
and data of local databank of CSO.

Territorial development index (2009)

Figure 6. Absorption of EU funds and the development of rural areas in Poland.
Source: Source: author’s elaboration based on data of local databank of CSO.
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on the contrary, the relatively highest absorption
characterized the middle-developed mainly rural
communes, which were often located close to middle-
size towns or cities. The only significant negative
correlation (p<0.05) can be observed between the
development and the use of funds under Common
Agricultural Policy and Fisheries Policy in Latvia.
In most cases less-developed communities acquired
more funds, which can be seen on Fig. 5. Due to
the lack of publication of such data for local level in
Poland, it was not possible to compare the situation in
both countries.

Conclusions

On the basis of this study, it seems that the level of
development of rural areas in both analyzed countries
is comparable. The values of territorial development
indicator take a similar, although higher in Poland, rate
of dispersion. The level of development of rural areas
in Poland and Latvia has also quite similar spatial
differentiation. It is high around the capitals and larger
cities and low in peripheral (mainly eastern) regions.
Other conclusions are as follows:
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Abstract

Although there is no consensus among scholars and professionals regarding the definition of the local food system,
nevertheless, the local food systems or alternative food networks are no less important and suitable tool for solving
environmental, economical (farmers’ and rural inhabitants’ income increasing) and social issues, and encouraging
the further sustainable development of rural areas and communities. The aim of study is to assess the state and
recent characteristics of the local food systems and its development in Latvia. The paper presents results of a study
of the typology and categorisation of both the producers and distribution channels, and development of the local
food systems as a whole, especially in Latvia. Various sources of materials and data have been used: the academic
literature, legislation, reports and recommendations, as well as web pages, the internet and data from Food and
Veterinary Service (FVS). The typology and categories of local food systems as well as short food supply chains
are characterised, and its existence in Latvia is given. Besides, it is essential that the different kind of its merging
organizations and projects supporting distribution of local food is implemented. The development of consumer
groups for local food purchasing is important. While the requirements for small farmers—food producers are the same
as those for large producers, the results suggest that during the recent years an increasing number of home-made food

producers is observed.
Key words: local food, chain, farms, home-made.

Introduction

Primary agricultural production plays a decreasing
role in rural economy in terms of population and
employment (Moreddu, 2013), especially in small
farms (Melece, 2014); between 2005 and 2013 there
was a reduction by almost one fifth in agricultural
labour input in the EU-28 (Eurostat, 2015). These
results demonstrate that the population living in
rural areas is more likely to be exposed to poverty or
social exclusion risk (Eurostat, 2014). Therefore, the
diversification of farm activities, multifunctionality
and pluriactivity become more significant solution
for farms viability (Blad, 2010; Turtoi et al., 2013),
especially for semi-subsistence farms (Davidova et al.,
2013), where special attention is paid to diversification
into non-agricultural activities; supporting the start
up and growth of micro businesses. Some of them,
which are recommended as a tool for income rising,
are revitalizing food traditions and producing artisan
or craft foods.

The development of local food systems (hereafter -
LFSs), including short food supply chains (hereafter -
SFSCs), as an innovation (Coudel et al., 2013; Kellou,
2014; eXtension, 2015), is a widely recognised tool
for the further rural development via strengthening of
small farm viability and rural population’s business,
and employment diversification (Kneafsey et al.,
2013; Wisser et al., 2013; Melece, 2014; Schmid et al.,
2014; eXtension, 2015). Furthermore, LFSs can create
wider economic, environmental and social benefits
such as transport cost savings, fewer emissions etc.
(Wisser et al., 2013; European Network..., 2014).
Moreover, the landscape value and quality of life in
rural areas, the local food systems are the basis for
other agricultural activity such as rural tourism (Sidali

et al., 2013; Bessiere and Tibere, 2013) and recreation
(e.g. agro-tourism, eco-tourism), supporting economic
value for rural development (Schmid et al., 2012)
offering opportunities for tourism and further positive
associated economic impacts.

Consumers are increasingly interested in the food
production/consumption system, which is aware of its
individual, economic, social, cultural, environmental
and geographical implications (Hernandez, 2009;
Albisu, 2014). Recently, the relations between
producers and consumers, so-called co-creation
(Hoyer et al., 2010), has increased significantly (e.g.
Borri et al., 2014), the products are largely determined
by the consumers’ wishes, the degree of awareness
and preferences.

It is acknowledged on the European Union
(EU) level, when the Committee of the Regions
recognized that the LFSs can boost rural development
and highlighted the benefits of LFSs, and proposed
suggestions for improving local market access for
farmers and food producers (European Network...,
2014). Local farming and direct sales are also
supported by the European Parliament and the Council
(2012), who stressed the necessity of EC report of
new local farming and direct sales labelling scheme;
and it is stressed in that stronger connections could
be established between local agricultural, tourism and
food supply sectors.

Taking into account the above mentioned
considerations, the aim of the study was to assess the
state and recent characteristics of the local food systems
and its development in Latvia. The following tasks of
study have been determined: to estimate the recent
definitions, meanings and description of LFSs, AFN,
SFSCs; to evaluate the typology and categorisation of
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LFSs distribution channels and its existence in Latvia;
to assess the number and activities (products) of small
food producers such as home-made food producers,
agricultural cooperatives and individual merchants.

Materials and Methods
This study is part of a broader research aiming at

identifying development issues of local food systems

in Latvia.

The study proceeds in three stages or phases:

- Firstly, to review the scientific literature, aimed
at estimating the recent definitions, meanings
and description of local food systems (LFSs), its
relationship and differences with alternative food
networks (AFNs) and short food supply chains
(SFSCs);

- Secondly, to review literature and evaluate the
state of typology and categorisation of the local
food distribution or food chains, and characterise it
in general, and particularly in Latvia by estimating
web sites and information on the internet. In
addition, it aims at describing new initiatives
and activities, regarding local food system
development;

- Thirdly, to investigate and analyse the data of
Register of Food and Veterinary Service (FVS) for
estimating the number and activities (by group of
products) of small food producers (farmers), such
as home-made food producers, agricultural service
providing cooperatives and individual merchants.
Various sources of the materials and data have been

used: the academic or scholar literature, legislation,

reports and recommendations, as well as web pages,
the internet and data from Food and Veterinary Service

(FVS).

The appropriate research methods have been used
in the study, mainly qualitative and also quantitative:
monographic; analysis and synthesis, data grouping,
logical and abstract constructive, expert, etc.

The food producers in this paper are both the
producers of agricultural non-processed products and
the processed food products.

Results and Discussion

The growing popularity of the local food and
many studies and publications on it notwithstanding,
there is still no academic or professional consensus
on the term and definition of ‘local food’ (Johnson et
al., 2013; Wuben et al., 2013). Moreover, there is no
consensus what main factors or criteria are in need of
defining either.

The scholars have different views, defining and
describing the LFSs, Alternative Food Networks
(AFNs) and SFSCs. Wuben et al. (2013) explain
that the term of SFSC wusually is associated
with ‘local food’, alternative food networks and
systems. However, Wuben et al. (2013) argue that
the definitions of local food seem to emphasise
geographical proximity, whereas definitions of SFSCs
emphasise social relationships. These arguments
are opposed by the opinion of number of scholars
(e.g. Visser et al., 2013), who include the social
interaction between the producers and consumers,
and community, into the LFSs. Moreover, Porro et al.
(2014) argue that geographical proximity is only one
component of the definition of ‘local’; and there are
several other features that consumers usually associate
with the definition of LFSs, in particular methods
of production. But in any case, the central idea of
LFSs is a commitment to social co-operation, local
economic development, and a close geographical and
social relationship between producers and consumers
(Karner, 2010). Nevertheless, the main idea of the
local food systems is a commitment to social co-
operation, local economic development, and close
geographical and social relations between producers
and consumers, which are the main basis for food re-
localisation (Renting and Wiskerke, 2010).

We accept the opinion that the SFSCs is as part of
LFSs and relates to the distribution of food products
with a regional orientation, short-circuiting the long,
anonymous supply chain characteristic of conventional
supply chains, and has the intention to generate extra
added value; and increase profit for producers.

Table 1
Different types for extending the short food supply chains (SFSCs)
Face-to-face or direct Proximate Extended
Farm shops; Farm shop groups; Brands or labels (certification;
Farmers markets; Regional hallmarks; approving);

Roadside sales;
Pick-your-own;

Box schemes;
Home deliveries;
Phone, e-mail order;
E-commerce.

Consumer cooperatives;

Community supported agriculture;

Special events, fairs (articulation in time);
Local shops, restaurants, tourist enterprises;
Retailers (e.g. food or speciality shops);
Catering for institutions (canteens, schools).

Public food procurement;
Catering services for institutions;
Reputations.

Source: based on Renting et al., 2003; Hernandez, 2009; Galli, Brunori, 2013; Becheva, 2014.
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Table 2
Direct sales categories and their existence in Latvia
Category Description Latvia
Sales at farm Point of sale where a producer or a group of producers sells his products | Yes
to the final consumer on the farm site.
Pick-your-own Picking in the farms by the buyers (payment of the amounts collected). | Yes
Sale on the roadside Sales by the producer of its own products alongside a road. Yes
Markets (e.g. farmers, “Green”) | Markets in which farmers and producers sell their products directly to | Yes
consumer.
Ordered delivery Deliveries of products ordered by phone, the internet at the customer’s | Yes
home or relay points.
Boxes Boxes or baskets (individual or collective), e.g. vegetables and fruits, | Yes
regularly delivered to relay points.
Fests, fairs Producer takes part in an event, where he presents and sells his products. | Yes
Collective sale outlet Retail outlet, managed by several producers who jointly organize the | Not known*
sale of their products.

* - authors did not find any information

Source: authors’ compilation based on their own research and Karner, 2010; Comps et al., 2011; Kneafsey et al., 2013;

Moroney et al., 2013; Becheva, 2014; eXtension, 2015

The types and categories of distribution channels of
LFSs and SFSCs

The types and categories of the LFSs and SFSCs
(Table 1) are the following: 1) direct sale with several
categories; 2) intermediate or proximate distribution,
including different categories; and 3) extended
territorially with only few categories (Treager, 2007;
Renting et al.,, 2003; Hernandez, 2009; Becheva,
2014).

Apart from these types, there is also one option -
self-security, where consumers are as producers, e.g.
on allotments or community gardens.

The direct sale can be divided into: 1) sale on the
production site; 2) sale outside the production site
(e.g. farmers markets, roadside). The categories of
the direct sale, its description and existence in Latvia
presented in Table 2 demonstrate that practically all
categories of the direct sale exist in Latvia.

Intermediate or proximate distribution or
marketing channels generally include all marketing
opportunities in the local supply chain that are not
farmer-to-consumer transactions (Low et al., 2015),
including consumers’ initiatives (Table 3). Consumers’
involvement or activities become apparent in the
Community Supported Agriculture (CSA) that
emphasises participation, civic responsibility, and
volunteerism (Anderson et al., 2014). It is an alliance
of concerned consumers and local farmers: the former
agree to buy seasonal food from the latter, which are
responsible of the delivery at the customers’ homes
(Hernandez, 2009).

Inrecent years, particular new types of LFSs (AFN)
have developed, i.e. initiatives in which citizens play
an active role in the initiation and operation of new
forms of consumer — producer relations. Examples

of such initiatives are consumer cooperatives and
consumer purchasing groups (CPG) of local and
organic food, which buy food products directly
from primary producers/farmers. These groups are
operating in several countries, including Europe, for
example: GAS in Italy (Borri et al., 2014), AMAP in
France (Lagane, 2015), GASAP in Belgium (Comps
et al., 2011), similar initiatives have arisen in other
countries European countries (Balazs, 2012; Becheva,
2014); and are supported by governments, RDP and
other public or private institutions. For example,
“Making Local Food Work” (UK) from 2007-2012,
utilising GBP 10 million, has supported over 1,200
community food enterprises, inter alia, CSA, farmers
markets, food coops and buying groups as well as
country markets (Soil Association, 2012). Renting et
al. (2012) these CPG groups as a new type of food
chain named as Civic Food Networks (CFN), which
go beyond direct-selling and marketing activities
operated and initiated by producers, since consumers
are the main initiators.

However, several scholars (Kneafsey et al.,
2013; Becheva, 2014) argue that CPG (e.g. AMAP,
GAS) are equivalent of CSA; other researchers
feel that those are only kind of the CAS (e.g. Soil
Association, 2012). We distinguish CPG as a
separate category of the distribution channels,
because there is no any other type or category of
CAS in Latvia. Table 3 presents different categories
of intermediate or proximate distribution channels
of local food and its existence in Latvia. The
development of CPG in Latvia is successful; and at
present there are more than 15 CPG, which include
around 500 members providing approximately 2,000
consumers.
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Table 3
Intermediate distribution channels and its existence in Latvia

Category Description Latvia

Shops, supermarkets or specialised
shops

Catering services (e.g. restaurants,
rural tourists)

Selling products to shops. Approved*

Selling products to another producer who will use them in meals, | Yes

farm traditional catering.

Wholesaler Sales of products through a professional seller who works directly | Approved*

with consumers.

Cooperatives
to consumers or retail.

Cooperative purchases members’ products and sells them directly | Yes

Networks to promote regional | Associative or public structures gathering local products from | Not known**
products producers and organize the sale to consumers.
Interdependent networks Associations of producers and consumers jointly managing sale | Yes
of food commodities.
Consumers’ purchasing groups Groups of consumers purchasing local food directly from farmers. | Yes

CSA

Consumers share the risks and rewards of production.

Not known**

* - approved producers; ** - authors did not find any information
Source: authors’ compilation based on own research, Comps et al., 2011; Kneafsey et al., 2013; Moroney et al., 2013;

Becheva, 2014; Borri et al., 2014; eXtension, 2015.

In Latvia, the CPG or direct purchase groups
(Tiesas pirkSanas pulcini) have formed over the last
three years, and more than 15 groups in Riga and
other cities (Sigulda, C&sis, Valmiera, Smiltene,
Ik3kile, Adazi and others) have been established.
The total number of involved families is more than
500 with 2,000 consumers, who are now cooperating
more with more than 70 organic farmers, including
home-made food producers (Tiesa pirksana, 2014).
All activities regarding ordering and distribution of
the food products are performed weekly on voluntary
basis periodically for each member to guarantee the
opportunity to buy organic food at affordable prices.
The system operates on the basis of initiatives and does
not require financial contributions - merely time. Each
group establishes the most suitable arrangements; on
average this duty takes about 4 hours once a month or
two months.

Furthermore, even some fruitful initiatives
and activities, which support local food systems’
development in Latvia (Melece, 2014) have been
realised. These are associated with: 1) combining the
home-made or artisan food producers and craftsmen
in the societies or projects at both national and local
level, for example, Society ,,Artisan food producers”,
the project “Local Identity Product (LIP) — sustainable
support systems for communities in Europe” with the
brand “Local Identity Product (LIP)”, the project
created to represent all kinds of farms and companies
in the countryside under the brand “Country Goodies”;
2) establishing the cooperatives for marketing and
selling of local food, in which smaller food producers
and farmers participate. For instance, Agricultural

Services Cooperative Society (ASCS) ,,Saime”
(Family) has launched a project for the retail chain
»~Maxima” (LPKS Saimes galds, 2014).

Producers of local food in Latvia

The producers of local food may be divided
into several groups by ownership: farms, farmers’
cooperatives and individual merchants (mainly
fishermen in Latvia). However, the small food
processing enterprises in the status of Limited
Liability Company are also involved on SFSC; they
are not included in this study, because the main accent
of study is put on farmers as potential and aimed
receivers of added value.

Latvia lacks national rules or regulations, and
it has only guidelines that define and regulate the
home-made production, and it falls under the same
EU Regulations as large-scale producers. Moreover,
the recommendations of Guidelines of Good Hygiene
Practice are interpreted by FVS officials differently. It
means that development of small local food producers,
such as home-made producers, occurs contrary to
the current regulatory framework. There is another
practice in several EU countries and, moreover, the
Latvian practice differs from EU recommendations.
For example, in Hungary, in 2006 there were
regulations for the small-scale producers adopted
to ease food hygiene conditions for natural persons
producing and selling products in small quantities;
and in the 2010 amendment to the regulation increased
the quantities for selling and allowed small-scale
producers living in any part of the country to sell their
products in the capital (Balazs, 2012). In spire of that,
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Figure 1. The share (%) of registered home-made food producers in the Latvia’s regions.

Source: authors’ compilation based on data of the Register of FVS, 2015.
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Figure 2. The share (%) of main home-made food producers by the product group.

Source: authors’ compilation based on data of the Register of FVS, 2015.

the EU regulations hamper development of short food
supply chains, in many cases it has been shown that
it is possible to carry out an adaptation of regulations
at the level of EU Member States within the same
European regulatory framework (Galli and Brunori,
2013).

The total number of home-made food producers
and processors (hereinafter — producers) was 1,287 in
the beginning of 2015. Majority of them are located
near the capital Riga (Pieriga region — 24.9%) and in
Riga (10.3%) (Figure 1).

Even though this is due to the proximity to reach
consumers, it generally does not contribute to the
diversification and income generation of the small
farmers in marginal regions, particularly Latgale.
Therefore, it does not stimulate interaction between
the producers and consumers and the involvement
of communities and consumers into development
LFSs and SFCSs, especially CAS. Besides, there is
a very high proportion (about 70%) of unregistered
home-made producers due to legislative requirements
(Latvijas lauku..., 2009).

The main part of home-made producers is
involved in production of plant origin products and
bread and flour products, 42% and 16%, respectively,

but the smaller
products (Figure 2).

In our opinion, the plant origin products are less
regulated and it is easier to receive permission to sell
products in the retail chain, including public catering.

The numbers of food producing farms, individual
merchants and cooperatives have been approved by
the FVS (Table 4). This allows receiving the permit
to sell the products to retail (shops, supermarkets,
restaurants and catering).

part produces animal origin

Table 4
Number of approved producers by producers’
ownership and main products’ group

Group of products Farm | Cooperative | Merchant

Meat of domestic

ungulates 18 0
Plant origin products 15 3 1
Milk and milk products 7 34 0
Packed honey 5 0 0
Meat products 3 1 1
Fisheries products 3 4 6

Source: authors’ compilation based on data of Register of
FVS, 2015.
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Despite the high consumers’ preference of local

products (Melece, 2012; Bikernieks and Eglite, 2014),
there is a lack of supporting policy or programming

document for

local food and SFSCs further

development. It is especially true about supporting the
CAS initiatives, including the consumers’ groups and
cooperatives.

Conclusions

1.

The development of LFSs, including SFSCs, as
an innovation, is a widely recognised tool for
the further rural development via strengthening
of small farm viability and diversification;
creating income and diversifying employment.
Furthermore, LFSs can create wider economic,
environmental and social benefits such as
transportation cost savings, fewer emissions; and
are the basis for other agricultural activity such as
rural tourism and recreation, supporting economic
value for rural development.

The types with corresponding categories of the
LFSs and SFSCs are the following: 1) direct
sale with several categories; 2) intermediate
or proximate distribution, including different
categories; 3) extended territorially with only few

3. Some fruitful initiatives and activities, which

support local food systems’ development in
Latvia, out of which the most significant are two:
1) branding, e.g. brand “Country Goodies”, which
promotes rural tourism and recreation, including
farm visits, food and culinary services; 2) active
and successful participation of consumers in the
LFSs development, organising the consumer
purchasing groups (CPG) have been realised.
Some scholars single these groups out as a new
type, named Civic Food Networks (CFN), in
which consumers are the main initiators.

. The development of local food producers, which

are connected with agricultural production
(e.g. farmers and agricultural cooperatives),
shows that the total number of home-made food
producers is 1,287. Majority of them are located
in the capital Riga and its region (Pieriga), due
to the proximity to reach consumers. In general,
it does not contribute to the diversification and
income generation of smaller farms in marginal
regions, particularly Latgale; it does not stimulate
interaction between the producers and consumers,
including involvement of the communities and
consumers into development of CAS.

categories. Practically all categories of distribution
types exist in Latvia, except Community Supported
Agriculture (CSA), in which consumers’ active
involvement is provided.

Acknowledgements
The paper was supported by the National Research
Program 5.2.1. SUSTINNO.

References

1.

10.

Albisu L.M. (2014) From Local Markets to International Trade: Logistics and Debate on the Food Miles
Concept. Mediterra 2014, pp. 417-429.

Anderson C.R., Brushett L., Gray T.W., Renting H. (2014) Working together to build cooperative food
systems [Editorial]. Journal of Agriculture, Food Systems, and Community Development, 4 (3), pp. 3-9.
Balazs B. (2012) Local Food System Development in Hungary. International Journal of Sociology of
Agriculture and Food, 19 (3), pp. 403-421.

Becheva S. (2014) Short food supply chains: value for agro-ecology. Available at: http://organic-congress-
ifoameu.org/wp-content/uploads/2014/03/8EOC_Becheva.pdf, 3 December 2014.

Bessiere J., Tibere L. (2013) Traditional food and tourism: French tourist experience and food heritage in
rural spaces. Journal of the Science of Food and Agriculture, 39 (14), pp. 3420-3425.

Bikernieks A., Eglite A. (2014) The Consumer’s Choice of Branded Products Conformity to National
Identity: Case of the Baltic States. Research for Rural Development 2014, 2, pp. 215-222.

Blad M. (2010) Pluriactivity of farming families - old phenomenon in new times. Rural Areas and
Development, 7, pp. 155-160.

Borri 1., Borsotto P., Aguglia L. (2014) A meeting point between agricultural producers and consumers:
the Italian Solidarity Purchasing Groups case study. Available at: http://ifsa.boku.ac.at/cms/fileadmin/
Proceeding2014/WS 2 8 Borri.pdf, 7 March 2015.

Comps S., Claustriaux J-J., Vandercammen M., Horge E., Lebailly P. (2011) Local food systems in Walloon
Region (Belgium): definition and trends in supply and demand. Available at: http://www.gembloux.
ulg.ac.be/eg/publicationseconomieagricole/doc_download/179-local-food-systems-in-walloon-region-
belgium--definition-and-trends-in-supply-and-demand, 17 December 2014.

Coudel E., Devautour H., Soulard C.T., Faure C.T.G., Hubert B. (2013) Renewing Innovation Systems
in Agriculture and Food: How to Go Towards More Sustainability? Wageningen Academic Publishers,
Wageningen, 240 p.

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2

109



DEVELOPMENT OF LOCAL

Ligita Melece, Agnese Krievina FOOD SYSTEMS IN LATVIA

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Davidova S., Bailey A., Dwyer J., Erjavec E., Gorton M., Thomson K. (2013) Semi-subsistence farming:
value and directions for development. European Union, Brussels, 115 p.

European Network for Rural Development (ENRD) (2014) Local Food and Short Supply Chains. http://
enrd.ec.europa.cu/enrd-static/themes/local-food-and-short-supply-chains/en/local-food-and-short-supply-
chains_en.html, 4 March 2015.

European Parliament and Council (2012) Regulation (EU) No 1151/2012 of the European Parliament and
of the Council of 21 November 2012 on quality schemes for agricultural products and foodstuffs. Official
Journal of the European Union, L 343, pp. 1-29.

Eurostat (2014) Living conditions in Europe. Publications Office of European Union, Luxembourg, 129 p.
Eurostat (2015) Agriculture, forestry and fishery statistics: 2014 edition. Publications Office of the
European Union, Luxembourg, 200 p.

eXtension (2015) An Evolving Classification Scheme of Local Food Business Models. http://www.
extension.org/pages/70544/an-evolving-classification-scheme-of-local-food-business-models#.
VP7Y _468q2B, 18 February 2015.

Food and Veterinary Service (FVS) (2015) Register. Available at: http://www.pvd.gov.lv/, 3 March 2015.
Galli F., Brunori G. (2013) Short Food Supply Chains as drivers of sustainable development. Laboratorio
di studi rurali Sismondi, Pisa, 93 p.

Hernandez J.L.S. (2009) Alternative Food Networks: Concept, Typology and Adaptation to the Spanish
Context. Boletin de la A.G.E. N., 49, pp. 375-380.

Hoyer W.D., Chandy R., Dorotic M., Krafft M., Singh S.S. (2010) Consumer Cocreation in New Product
Development. Journal of Service Research, 13 (3), pp. 283-296.

Johnson R., Aussenberg R.A., Cowan T. (2013) The Role of Local Food Systems in U.S. Farm Policy.
Congressional Research Service. Available at: http://fas.org/sgp/crs/misc/R42155.pdf, 3 February 2015.
Karner S. (ed) (2010) Local Food Systems in Europe: Case Studies from Five Countries and What They
Imply for Policy and Practice. Graz: IFZ publisher, 52 p.

Kellou 1. (2014) Alternative Food Systems: The Case of Agri-food SMEs. In: Proceedings in System
Dynamics and Innovation in Food Networks 2014, pp. 155-160.

Kneafsey M., Venn L., Schmutz U., Balazs B., Trenchard L., Eyden-Wood T., Bos E., Sutton G., Blackett
M. (2013) Short Food Supply Chains and Local Food Systems in the EU. A State of Play of their Socio-
Economic Characteristics. Publications Office of the European Union, Luxembourg, 125 p.

Lagane J. (2015) When students run AMAPs: Towards French model of CSA. Agriculture and Human
Values, 32 (1), pp. 133-141.

Latvijas Lauku SievieSu apvieniba (2009) Lauku majrazotaju uzpéméjdarbibu kavéjo$o un veicino$o
faktoru izpéte un veicinoSo aktivitasu apzinasana un ierosinasana (Research of hindering and facilitating
factors of the home-made entreprencurship, and identification of contributing activities and its initiation).
LLS, Riga, 39. Ipp. (in Latvian).

Low S.A., Adalja A., Beaulieu E., Key N., Martinez S., Melton A., Perez A., Ralston K., Stewart H., Suttles
S. etal. (2015) Trends in U.S. Local and Regional Food Systems: A Report to Congress. U.S. Department
of Agriculture, Washington, D.C., 86 p.

LPKS Saimes galds (2014) Saimes galds (Family Table). Available at: http://www.saimesgalds.lv/, 19
December 2014. (in Latvian).

Melece L. (2012) Local food systems for sustainable rural development. Economic Science for Rural
Development, 27, pp. 152-158.

Melece L. (2014) Local Food Systems and their Development in Latvia. Management Theory and Studies

for Rural Business and Infrastructure Development, 36 (2-3), pp. 588-598.

Moreddu C. (2013) Factors and Policies to Favour Diversification of Rural Economy: OECD Experience.
Policies to Enhance Agricultural Innovation and Productivity - Workshop, Beijing, 24 October 2013.
Available at: http://www.oecd.org/agriculture/agricultural-policies/Moreddu-Session%201%20
Factors%20and%?20Policies.pdf, 25 January 2015.

Moroney A., O’Shaughnessy M., O’Reilly S. (2013) Facilitating and Encouraging Short Food Supply
Chains. National Rural Network, Ireland, 40 p.

Porro A., Ferrazzi G., Spigarolo R., Corsi S., Bocchi S. (2014) Local Food Systems: Opportunities and
Threats in creation of local model in Lombardy (IT). In: Proceedings of 11th European IFSA Symposium
on Farming systems facing global challenges: Capacities and strategies, 1- 4 April 2014, Berlin, Germany,
pp. 1622-1630.

110

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2



DEVELOPMENT OF LOCAL
FOOD SYSTEMS IN LATVIA Ligita Melece, Agnese Krievina

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Renting H., Shermer M., Rossi A. (2012) Building Food Democracy: Exploring Civic Food Networks and
Newly Emerging Forms of Food Citizenship. International Journal of Sociology of Agriculture and Food,
19 (3), pp. 289-307.

Renting H., Marsden T.K., Banks J. (2003) Understanding alternative food networks: exploring the role of
short food supply chains in rural development. Environment and Planning, 35 (3), pp. 393-411.

Renting H., Wiskerke H. (2010) New Emerging Roles for Public Institutions and Civil Society in the
Promotion of Sustainable Local Agro-Food Systems. In: Proceedings of the 9th European IFSA Symposium
on Building sustainable rural futures, Vienna, Austria, 4-7 July 2010, pp. 1902-1912.

Schmid O., Padel S., Levodow L. (2012) The Bio-Economy Concept and Knowledge Base in a Public
Goods and Farmer Perspective. Bio-based and Applied Economics, 1 (1), pp. 47-63.

Sidali K.L., Kastenholz E., Bianchi R. (2013) Food tourism, niche markets and products in rural tourism:
combining the intimacy model and the experience economy as a rural development strategy. Journal of
Sustainable Tourism. Available at: http://dx.doi.org/10.1080/09669582.2013.836210, 27 February 2015.
Soil Association (2012) Buying Groups: A Viable Supermarket Alternative? Soil Association, Bristol, 12 p.
Tiesa pirk$ana (2014) Kas ir tie$as pirkSanas pulcini (Direct Purchase. What is direct purchase groups?
Available at: http://tiesapirksana.lv/kas.html, 9 March 2015. (in Latvian).

Turtoi C., Toma C., Gavrilescu C. (2013) Opportunities for Other Gainful Activities in Small and Very
Small Farms. Bulletin UASVM Horticulture, 70 (2), pp. 390-398.

Visser J., Trienekens J., van Beek P. (2013) Opportunities for Local for Local Food Production: A Case in
the Dutch Fruit and Vegetables. International Journal on Food System Dynamics, 4 (1), pp. 73-87.
Wubben E.F.M., Fondse M., Pascucci S. (2013) The importance of stakeholder-initiatives for business
models in short food supply chains: the case of the Netherlands. Journal on Chain and Network Science,
13 (2), pp. 139-149.

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2 111



ECONOMICS

IMPLEMENTATION OF MANAGEMENT FUNCTIONS: BASED ON THE EXAMPLE
OF NON-GOVERNMENT ORGANISATIONS IN KAUNAS DISTRICT

Lina Marcinkevi¢iaté, Jan Zukovskis
Aleksandras Stulginskis University, Lithuania
Lina.Marcinkeviciute@asu.lt; Jan.Zukovskis@asu.lt

Abstract

This article deals with conception and particularity of management process and functions of non-governmental
organisations (hereinafter referred to as NGO), as well as peculiarities of management functions of NGO.

Empirical research results of implementation of NGO management functions in Kaunas District have been presented,
the major advantages and disadvantages of implementation of NGO management functions in Kaunas District have
been pointed out. With reference to the data of theoretical analysis and empirical research, the directions towards
development of problematic areas of NGO management functions have been indicated and justified, highlighting the
elimination of drawbacks to the implementation of management functions.

Key words: management functions, non-governmental organisations, directions towards activity development.

Introduction

For the purposeful performance of the system of
every organisation, its members and elements, there
is a need for a specific activity that can be treated
as the entirety of specific actions: management. The
content of management as a specific activity depends
on various features of an organisation: large or small,
informal or regulated, local or international, etc.

In the scientific literature, there is a wide range of
classifications of management functions. The authors
of the article hold the opinion that the functions of goal
formation and motivation have not been distinguished
in the classical classification of management
functions. These functions are highly significant to the
process of management. Goal formation is the initial
and final point of the process of management, while
the function of motivation is important for the staff of
the organisation to carry out productive work, having
impact on their material well-being and psychology.

Non-governmental organisations are a part of
Lithuanian civil society. They can provide great benefit
with little finances as NGO is based on the principle
of voluntarism and attracts financing from various
funds. More and more social-cultural associations
occur in the rural areas (community centres, youth
centres, unions of the disabled, gyms, etc.), which
are concerned about the support for the people, who
experience social exclusion, families at social risk,
individuals who are not able to fend for themselves,
etc. That is why this article aims at analysing the most
common type of NGO in the rural areas: an association
(in this case, associations in Kaunas District), focusing
on community centres, youth centres, unions of the
disabled, Kaunas District Local Action Group, etc.

The object of the research: implementation of
management functions in the NGO

The aim of the research: to identify and justify
the directions towards the development of NGO
management functions in Kaunas District

The objectives of the research:

1. To theoretically analyse the implementation of
management functions in the NGO activity.

2. To determine advantages and disadvantages of
implementation of NGO management functions in
Kaunas District.

The methods of the research: analysis and
synthesis of scientific literature, analysis and synthesis
of documents, survey of NGO managers and members.

Materials and Methods
Theoretical analysis of the implementation of NGO
management functions

Management functions in various organisations
are implemented in different ways. These functions
should be properly adapted for NGO as their nature
of activity is specific, based on voluntary principle.
In the scientific literature (C. Rees (2008), L. Sheal
(2004)), it is manifested that NGO is characterised by
its particularity of management and distinctive means
of management.

Goal formation can be indicated as the first
management function in any organisation. L.
Marcinkevi¢iate and J. Zukovskis (2007) state
that a goal is a guide of organisational activity, the
achievement of which all present activities of the
organisation depend on. In order to achieve goals of
the organisation, there is a need for purposeful activity,
concentration on the actions. The main assumption of
the goal formation is that people will work better and
more if they know clear and understandable goals to
be achieved.

Involvement of employees into the process of goal
setting should be emphasised. Especially NGO, where
the activity of members is based on voluntarism. The
managers of the organisation should be aware of the
conditions for the involvement of members in the goal
setting that would ensure the involvement of members
when forming goals. Personal goals of members

112

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2



IMPLEMENTATION OF MANAGEMENT FUNCTIONS:
BASED ON THE EXAMPLE OF NON-GOVERNMENT
ORGANISATIONS IN KAUNAS DISTRICT

Lina Marcinkeviciaté, Jan Zukovskis

should be integrated into general organisational
activity with the support of collective efforts of
members and managers.

The Code of Ethics and Conduct for NGOs
was initiated by the World Association of Non-
Governmental Organisations (WANGO) in 2008. It
focuses on setting NGO goals higher than personal
goals. The interests of the organisation should be
put ahead of individual desires. This is especially
accentuated for the members of the Board, working
in the body of NGO management. For volunteers
working for an organisation, personal goals should
not be more important than organisational goals.
Carrying out duties as volunteers, they should strive
for the benefit for the society but not themselves.
On the other hand, every member joining the
organisation tries to achieve personal goals as well:
to actualise professional capabilities, find friends and
peers, etc. As a result, integration of personal goals
into organisational activity is particularly important.
Having integrated personal goals of members into
organisational activity, the pursuit of organisational
goals will evoke the pursuit of personal goals.

In rural areas, there are rural communities, youth
centres, as well as other NGOs, the activity of which
is oriented towards the satisfaction of needs for a
specific target group of residents and representation of
their interests. As it has been already mentioned, the
establishment is based on the principle of voluntarism.
The goals are formulated with regard to the problems
of the area and needs of residents. However, the
goals are not always achieved successfully. Certain
obstacles come across that raise difficulties to achieve
organisational goals successfully. According to the
data of the scientific literature, (Park et al., 2009) the
goals are not often achieved due to the lack of financial
resources, scarce competences of members or manager,
and lack of knowledge. One more important aspect is
lack of specialists. Non-governmental organisations,
especially rural communities, are lacking qualified
specialists that would advise community members
on topical issues. It is also challenging to attract
new members: volunteers involved into community
activity as there is no pay for the participation.

The second function of management is planning. J.
Pakhare (2011) points out that planning is an endless
course of actions. For the managers it is necessary to
evaluate the activity stage that an organisation takes
place and where it will be next year. For this reason,
an action plan is formed and implemented to make
an organisation achieve its goals. In order to analyse
how the function of planning is implemented in the
organisation, it is necessary to find out how the goals
are set and means are chosen to achieve these goals.
If the goals are achieved by implementing the means,
determined in the plan, the system of planning can be

evaluated as affective, if not, the system of planning
should be changed or improved.

NGO action plan helps managers focus on the
main ideas, indicate the most effective methods to
achieve organisational goals and plan resources.
In the Management Quality Standard of NGO and
Social Non-profit Partners (2003) it is stated that all
individuals involved in the organisational activity
should participate in the planning process. It is really
important to involve members of the organisation
in the planning process because this will ensure
successful performance of tasks and working towards
goals. When planning organisational activity, it is
essential to foresee whether there is a connection
between the goal, set tasks and determined activities,
whether members support the implementation of the
plan or not. Another important step is advertising
the plans of NGO activity in public places such
as websites, information board of the organisation,
etc. The more people know about NGO activity,
the more chances that it will attract more volunteers.
The members of the organisation should know
about the prospects for organisational activity as
well. E. James (2011) suggests that members of the
society would easier become financial supporters
and volunteers and would be involved in the
significant NGO activity if the organisation was more
visible and known.

Taking into account planning process of the
activity, it should be pointed out that it is impossible
to foresee all unexpectancies of the planned activity.
Certain obstacles occur that consistently interfere
the planning of the organisational activity. In non-
governmental organisations, planning obstacles
often occur due to external factors of organisation
environment (political, economic, etc.), unexpected
events, time, costs, etc. Insufficient communication
between managers and members of the organisation is
also an important aspect. In the Management Quality
Standard of NGO and Social Non-profit Partners
(2003), it is stated that consistently described and well-
known procedure of information spread for all people
conditions the exchange of necessary and general
information among the members of the organisation
on what is going on in the organisation and its planned
activities.

Taking into account organising, Y. Olum
(2010) observes that the purpose of organising,
as a management function, is to describe the role
of every element in the organisation, to determine
their relationships so that there would be favourable
conditions to achieve goals. According to D. Valentine
(2011), organising covers the delegation of powers,
allocation of rights for employees, formation of duty
descriptions, rules and procedures to regulate the
work, etc.
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The Code of Ethics and Conduct for NGOs
(2008) suggests that NGO should have organisational
documents, executive board, and managers, regularly
arrange meetings and perform its activity. There is
clear distribution of work, described responsibility
areas, tasks and a responsible person. The
organisational documents, i.e. statues or establishment
agreement, should clearly describe the mission,
goals, management structure, membership rights and
liabilities (if any) and rules of internal procedure of
the organisation. The documents should fully describe
the structure of management in the organisation and
be available to all interested groups.

Considering distribution of work for NGO
members, it should be pointed out that job
specialisation is important as it enhances efficiency
of the organisational activity because the performed
tasks are not duplicated. The Management Quality
Standard of NGO and Social Non-profit Partners
(2003) highlights that proper distribution of work in
the organisation prevents from leaving tasks that do
not belong to any of its members and tasks performed
by several employees of the organisation. Distribution
of work in the organisation optimises the load for the
organisation members and enhances the efficiency of
the performed work. Therefore, it is essential to clearly
describe the distribution of tasks and responsibility
areas for an individual member. It should be noted
that job descriptions, describing functions of certain
positions and responsibility areas, contribute to this.

L. Marcinkeviéiaté (2010), T. Mullern, A. Styhre
et al. (2011) describe motivation as an activity
stimulation process between one and others, when
achieving personal or organisational goals. The results
of work will be better when employees are not only
explained what they are expected to do, but they
are given what they desire. As L. Antic, V. Sekulic
(2009) state, a motivated employee is proud of his/her
work, he/she does not show negative attitude towards
organisation, he/she is dedicated to his/her job and
satisfied with it. According to U. Eriksson-Zetterquist,
T. Mullern and A. Styhre (2011), employees’
motivation and satisfaction with the job influences
the culture of organisation, identifies the quality of its
results and effectiveness of management.

Members-volunteers work in rural communities
and other NGOs. People assume certain duties and
perform beneficial work for community without
receiving any pay for it. M. Binder and A. Freytag
(2013) (according to Wilson, 2000)) assume that
volunteering is any activity, which is performed in
one’s free time pursuing benefit for other person,
believes that volunteering motivates to continue such
activity if the activity is likeable, clear structured and a
volunteer feels a part of it. It should be pointed out that

motivation of volunteers should not be left “on their
own”, voluntary work should be constantly motivated.

In order to keep motivation for NGO members,
mutual relationships of members and a manager
are extremely significant. If the interaction between
members and a manager is not satisfactory, there is a
huge possibility that members will avoid interaction
and become passive. Constant communication
and open relationship are particularly important to
maintain motivation of volunteers.

Taking into account a management function, R.
Tijunaitiené and B. Neverauskas (2009) suggest that
governance is one of the most important functions of
a manager, which is related to interpersonal aspects
of management, allowing employees to understand
the goal of organisation and stimulating to achieve
them effectively. A manager transforms the totality
of individuals into a group working purposefully
and effectively. Management is especially important
as it helps the group keep together and focus on the
achievement of goals.

NGO management should be democratic,
although, in exceptional cases, management can have
non-democratic features as well if it is related to the
activity which requires strict hierarchical structure. It
is important to ensure that the management structure
of NGO and indication of member’s rights and duties
would not prevent him/her from voluntary exit from
organisation.

In the scientific literature Y. Stukalina (2010) a
control function is treated as a systematic process,
which ensures the achievement of goals in the
organisation. The goal of control is to evaluate
the carried out work and correct work process (if
needed), trying to ensure effective achievement of
organisational goals and implemented plans. Control
allows managers to monitor the effectiveness of
planning, organising and management functions, as
well as take actions to correct something during their
implementation.

Certain features help to determine whether
the control in the organisation is effective or not.
As A. Stoner, R. Freeman (2006) state, they are:
strategic purposefulness, orientation towards results,
correspondence, suitable control time, flexibility, and
simplicity. Non-governmental and other organisations
both should control their employees in moderation;
otherwise, there is a possibility that employees will
suffer from high tension and dissatisfaction about
work.

According to the data of the researches, there is
a tendency that management of non-governmental
organisations notably shows resemblance to the
management of small or medium business companies.
NGO follows the same principles of planning,
management and accountability, applied in the

114

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2



IMPLEMENTATION OF MANAGEMENT FUNCTIONS:
BASED ON THE EXAMPLE OF NON-GOVERNMENT
ORGANISATIONS IN KAUNAS DISTRICT

Lina Marcinkeviciaté, Jan Zukovskis

business sector. NGOs that provide services compete
against service providers of business and budgetary
sector. Within the employment relationship, more
professionalism is noticeable, work processes become
more formalised and standardised, the activity of
NGO is oriented towards measurable results.

Results and Discussion
Empirical research results of implementation of NGO
management functions in Kaunas District

In order to determine how management functions
are implemented in NGO activity in Kaunas District,
24 managers and 34 members of associations have
been questioned.

When analysing participation of NGO members in
goal formation, it has been found out that the Chairman
and the Board (70%) are those who usually participate
in goal formation. The crucial obstacles interfering
goal formation in the organisation such as lack of
financial resources, lack of different specialists, lack
of competence and knowledge, as well as insufficient
number of new members, have been identified.

Note that rural communities and other NGOs
run projects and receive funding, however, the data
of the research have proved that it is simply not
enough. It is necessary to look for opportunities to
attract additional funding. One of the possibilities
is promotion of social entrepreneurship. A part of
received financing could be intended for NGO goal
implementation. When implementing projects or
preparing organisational strategy, there is a lack of
knowledge and competence regarding certain issues.
As respondents point out, the courses organised by
the specialists are very general, they do not focus on
specific problems. Classical examples provided by the
specialists are hardly adapted in particular situations
of organisational activity. Therefore, rural community
centres are often advised by other organisations, for
instance, a local action group, administration of the
municipality, etc. Insufficient number of new members
is also a very significant obstacle, which interferes
the implementation of desirable goals. It is difficult
to attract volunteers as there is no pay for voluntary
activity.

When analysing problems related to activity
planning, it has been indicated that 50% of
organisations participating in the survey plan their
activity according to the existing situation. The
assumption can be made that managers of the
organisations do not prepare strategic plans. As they
state, the main planning obstacles remain lack of time
and high costs for social services.

Analysing the organising of NGO activity, it has
been found out that most of organisations (80%)
have organisational management structure, which
is officially drawn in the organisational documents.

Work cooperation and acquisition of qualification as
well as its development, schedule of work and leisure
and good working conditions are in respondents’
favour.

Answering to the question whether they are
satisfied with the work in the organisation, 82% of
respondents responded positively. Having evaluated
their work personally, volunteers improve themselves
and activities are performed more effectively.

50% of NGO managers indicated non-monetary
means of motivation, including evaluation of work,
freedom to make decisions, possibilities for self-
expression, qualification improvement and other.

The survey enquired about the means of motivation
that would motivate members most. The answers
have been divided as follows: 38% of members
indicated freedom to make decisions as the priority,
37% of members highlighted the relationship with the
manager and other members, 36% of respondents that
manager’s praise for a good performance of activity
is also very important. The fourth place belongs to
organisation of member leisure. This statement has
been indicated by 34.3% of respondents. Certificates
of appreciation take the fifth place. Certificates
of appreciation express gratitude for cooperation
and participation in various events. By receiving
certificates of appreciation volunteers feel evaluated.
Both managers and members evaluated mutual
relationship positively.

The question on whether the members in the
organisation are provided with opportunities for
personal growth and development has been answered
as follows: 50% of managers state that, according to
their needs, members are provided with opportunities
for personal growth and development, 21% of
managers noticed that no opportunities for personal
growth and development exist in their organisation.
It can be assumed that the members of the latter
organisations have no opportunities for development.
Disregard of opportunities for personal growth
and development may cause members professional
degradation.

When analysing implementation of a management
function in the organisation, it has aimed at types of
essential management principles. Among underlying
principles of management, principles of orientation
balance, personal independence and orientation
towards the goal have been mentioned.

When evaluating the implementation of control
function, it has been determined that the main
control functions in the organisations are correction,
diagnosis, encouragement, and spread of experience.
The main disadvantage is that organisations lack
orientation and evaluation control functions. These
functions are especially important as the controlled
activity of a member has greater meaning.
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Table

Directions towards the implementation development of NGO management functions

Directions towards the implementation development of NGO management functions

Responsible persons

Development
directions towards
goal formation

Clear and motivating formulation of organisational goals
Presentation of organisational goals for existing and new
members to make goals comprehensible

Purposefulness of goals and orientation towards plans

Goal formation, taking into account the mission of
organisational activity

Search of financial sources for successful implementation of
organisational goals

Search of sponsors, fund-raising in the streets, during events,
requests to donate in media, on the radio, etc.

Manager, board,
members

Development
directions towards
activity planning

Preparation of strategic activity plans

Formation of a strategic planning group and acquisition of
necessary skills and knowledge.

Formalisation of organisational activity and publication in
public places

Preparation and approval of activity plans, publication on the
website, on the noticeboard of the organisation, etc.

Reduction of costs by using the time of work intended for
planning.

Determination of activity priorities and personal time planning

Manager and board

Development
directions towards
activity organising

Clear and concrete distribution of work for members of the
organisation

Appropriate selection of work, considering health condition,
age, competence of a member

Determination of rational ways when coordinating members’
work

Indication of crucial instructions, supervision of executable
tasks

Organising regular meetings and taking the minutes of their
process

Constant organisation of meetings by writing and approving the
minutes

Preparation and formalisation of organisational documents
Archiving of organisational documents

Manager and board

towards control
maintenance

Development Constant opportunities for personal growth and development Manager
directions towards | Participation in various trainings, seminars during a rotary
motivation of period
members Application of various forms of leisure inside and outside the
organisation
Organising business trips and travels, commemoration of
traditional festivals
Development Application of principles of control and orientation towards Manager
directions towards |the goal
management of Implementation of principles of control and orientation towards
members the goal in the organisation
Development Employment of orientation, assessment and feedback control | Manager
directions functions

Implementation of orientation, assessment and feedback control
functions in the organisation

Directions towards the development of NGO
management functions in Kaunas District.

Based on the theoretical analysis of NGO
management functions and empirical results of the
research on implementation of NGO management

functions in Kaunas District, the directions towards

implementation development of NGO management
functions have been mentioned (Table).

Development directions towards goal formation.
Members will work efficiently and try to
achieve better results if they perceive organisational
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goals. Existing and new volunteers both should be
acquainted with organisational goals. Otherwise, a
member will be disappointed with volunteering and
will perform tasks without any motivation if he/she
does not understand the purpose of the organisation
and his/her level of responsibility.

Financial resources for NGO should be found
through sponsors; fund-raising should be performed
during various events; media, radio or television
should request people to donate, to sell various
handicrafts, postcards, souvenirs, etc. Search
of financial resources should be considered
strategically. A positive effect would be: successful
implementation of organisational goals and achieved
desirable results.

Development directions towards activity planning.

When preparing strategic plans, it is necessary
to form a strategic planning group that would set
long-term goals and would choose the ways of
how to achieve these goals. Importantly, a strategic
planning group should have knowledge and skills in
management of communal organisations. A positive
effect would be: forecast of future plans, consolidated
effort of members to achieve mutual NGO goals,
reasonable distribution of resources by determining
priorities of activity, indication of crucial issues
and their effective solution. It is not enough only to
prepare and formalise an action plan. Publication of
NGO action plan in public places: on the website (if
such exists), organisational noticeboard, billboard,
etc. A positive effect would be: more efficient work
of NGO members, more opportunities to attract
volunteers.

Development directions towards activity organisation.

Work specialisation should be purposeful as the
effectiveness of works performed in the organisation
depends on it. Work of NGO members should be
coordinated properly. Purposeful coordination of
work allows forming substantial instructions: what,
who and when should be done. A positive effect would
be: to assure continuous work.

In order to make activity of NGO formal, it is
necessary to prepare organisational documents and
formalise them appropriately. A volunteer joining
the organisation should receive all necessary
information about the organisation: its mission, goals,
present activity, etc. Moreover, the manager of the
organisation should introduce a new member with
working place, his/her duties, and rules of internal
procedure. A positive effect would be: a positive
image of the organisation, more productive activity of
the organisation.

Development directions towards motivation of
members.

Increasing number of members in the organisation
can be treated as constant exercising of competences
and skills to achieve common organisational goals.
It is necessary to arrange various trainings so
that members had a possibility to acquire proper
competences and skills. These trainings and seminars
should be arranged during a rotary period. Consistent
personality education of NGO members would
provide further basis to improve work results. A
positive effect would be: greater motivation to work,
better work results.

Organising leisure for NGO members provides
opportunities to actualise self-expression and needs
for communication, educate cultural consciousness
through artistic, intellectual or other activity. Regular
leisure organisation reduces the feeling of alienation,
fosters discovery of sociality, common interests and
concerns. Managers of NGO should practice different
forms of leisure organisation: sport activities,
art events, extreme activities and other forms.
Furthermore, business trips and travels should be
organised, traditional festivals should be celebrated to
enhance interests and benefit for volunteers. A positive
effect would be: increased sociality and reduced
feeling of alienation among members, development of
common interests and hobbies.

Development directions towards management of
members.

Principle of control signifies continuous yet not
one-time control. Proper behaviour of employees
should be ensured in the organisation, property of the
organisation should be protected, any activity area
should be controlled, etc. Orientation towards goal
principle means that the orders of the manager should
not be alienated from the main goal. Implementation
of these principles would stimulate effective
management in the organisation. A positive effect
would be: more successful management and decreased
number of mistakes.

Development directions towards control maintenance.

Orientation and evaluation control function
highlight the control of members’ work. Usually, the
controlled work of members is more effective than
less controlled; without any control it becomes less
meaningful. Feedback is the drive of the organisation.
Members exchange the information and learn whether
they carry out their tasks properly. If no feedback is
received, a member does not know what a manager
thinks about his/her work and what the expectations
are. The most effective way to ensure feedback in
the organisation is to arrange constant meetings for
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members and managers, during which different issues
would be considered. A positive effect would be:
effective implementation of tasks and set goals, better
mutual relationships between members and managers.

Conclusions

1.

NGO management notably shows resemblance
to the management of small or medium business
companies. NGO follows the same principles of
planning, organisation and management, applied
in the business sector. NGO that provides services
competes against service providers of business
and budgetary sector. Within the employment
relationship, more professionalism is noticeable,
work processes become more formalised and

. Six

2. NGO management functions in Kaunas District are

implemented incompletely as the implementation
of each of them has crucial disadvantages. The
following NGO management disadvantages are
distinguished: inappropriate goal formation,
absence of organisational activity oriented towards
future, unclear specialisation of work, control
functions of evaluation and feedback are ignored.
problematic areas of implementation
development of NGO management functions,
focusing on the elimination of disadvantages
of management functions implementation have
been identified and justified (oriented towards
goal formation, planning, organising, motivation,
management and control).

standardised, activity of NGO is oriented towards
measured results.
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Abstract

Land use change has caught scientist’s attention all over the world and in the perspective of globalisation the pressures
on agricultural land are increasing. However, the agricultural land abandonment is still evident. This phenomenon has
no single definition and its driving forces are varying among different regions and countries. In this paper agricultural
land is considered as abandoned while there is evidence of shrub and bushes on agricultural land according to the
orthophoto and Estonian base map comparison. The aim of this paper was to test the impact of arable land plot spatial
properties: plot area, ratio of arable land area in the surrounding of plot and plot compactness. General hypothesis is
that brushwood will more likely occur on the arable land plots with poor spatial properties than on arable land plots
with good ones. The study was conducted in 15 rural municipalities across Estonia. Results are showing some impact
of the spatial properties on the arable land plots conversion into brushwood. In nine municipalities out of 15, there
was an arable plot area without brushwood larger than plots with brushwood and the percentage of arable land area
surrounding plots without brushwood was higher in other 9 studied municipalities. As expected, the uncompact arable
land plots tend to have more likely brushwood on them than the compact ones. Study results show that the impact of
plot area and the ratio of arable land in surroundings of plots on the conversion of arable land plots into brushwood
need further studies.

Key words: plot area, shape of the plot, land abandonment.

Introduction

The conversion of arable land into brushwood
often occurs if the plot is not cultivated for a certain
period of time. It means that land is not used and
one can say that land is abandoned. Therefore, the
conversion of arable land into brushwood can be
studied from the land abandonment point of view.
The land abandonment is complicated phenomenon
and has been studied in different scales. Some of
land abandonment studies are conducted in European
scale (Keenleyside and Tucker, 2010; Pointereau et
al., 2008) while other studies focused on the smaller
problematic areas in different countries: Spain
(Zaragozi, et al. 2012), Austria (Silber and Wytrzens,
2006), Poland (Szostak et al., 2013), Latvia (Ruskule
et al., 2012), European Russia (Prishchepov et al.,
2013).

Abandonment of arable land has manifold
character and may be caused by socio-economic,
ecological or political factors (Rey Benayas et al.,
2007; Zaragozi et al., 2012; Pointereau et al., 2008;
Prishchepov et al., 2013; Silber and Wytrzens, 2006;
Mander and Kuuba, 2004). Such land abandonment
in remote areas may be associated with declining
subsidies, low accessibility (distance from roads,
farming centres and markets), demographic factors
(population density, farmer age and the labour market)
and ecological aspects (Baumann et al., 2011; Gellrich
and Zimmerman, 2007; Pointereau et al., 2008;
Prishchepov et al., 2013; Rey Benayas et al., 2007). In
addition, it has been one topic in political discussions
(Gellrich and Zimmerman, 2007).

The knowledge about the processes of land
abandonment is needed in order to take the right

measures at the national or local level (Keenleyside
and Tucker 2010). This knowledge is also important
because of the pressure from other land use types that
affects the future use of agricultural land (Benjamin et
al., 2007). The need for agricultural land is increasing
worldwide. N. Alexandratos and J. Bruinsma (2012)
pointed out that worldwide the area of arable land per
capita in 1960 was 0.44 hectare; in 2010 this figure
was 0.23 hectare; the projection for the 2050 is 0.181
hectare. J. Bruinsma (2011), B. R. D66s (2002) and
FAO (2002) made similar prognoses and projections.
All mentioned above refers to the need to study
the land abandonment questions. At the same time
Keenleyside and Tucker (2010) pointed out that it is
difficult to measure and study land abandonment and
it is difficult to obtain land abandonment data (Land
abandonment..., 2004).

There are few studies about land abandonment
in Estonia. Large-scale abandonment was evident
in the country in the early 1990 when the major
driving force behind this process was socio-economic
changes (Mander and Kuuba, 2004). The rate of
abandoned arable land was about 32% at this time
(Peterson and Aunap, 1998). The study of M. Mandel
and S. Maasikamie (2013) showed that the distance
of plots from roads have an impact on the conversion
of arable land into brushwood. However, this is not
sufficient in order to understand all aspects of arable
land abandonment in Estonia.

The aim of this study was to test if there was an
impact of spatial properties of arable land plots on
the conversion of those plots into brushwood. The
general hypothesis of the study is that the occurrence
of brushwood on the arable land is more likely on the
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Figure 1. The location of studied municipalities (study area).

arable land plots with poor spatial properties than on
the arable land plots with good spatial properties. The
study focuses on the area of plots, the ratio of arable
land in surroundings of plots and the shape of plots
as the indicators that describe the spatial properties of
arable land plots.

The results of the study showed that the spatial
properties of arable land have some impact on the
processes of conversion of arable land into brushwood.
However, this study showed also some methodical
problems of such kind of studies and the need to
continue the researching the issue.

Materials and Methods

According to the administrative division, there are
15 counties in Estonia and one rural municipality from
each county was selected for the study. The location

of those municipalities is presented in Figure 1. The
percentage of arable land of municipalities was the
criterion for selection them for the study. The average
percentage of arable land in the selected municipalities
was the closest to the average percentage of arable land
in the respective county. This way different regions of
Estonia were included in the study.
The study consisted of the following tasks:
o formation of study units (arable land plots);
e checking the occurrence of brushwood on the
arable land plots;
e determination of arable
properties;
e testing the hypotheses of the study.
Formation of study units was carried out in the
ArcGIS environment and the Estonian National
Topographic Database (ENTD) (digital topographic

land plots spatial

Source: author’s construction on the basis of Estonian Land Board data (http://xgis.maaamet.ee/xGIS/XGis).

Figure 2. Example of brushwood determination process on arable land. There is no brushwood on
the arable land according to the topographic map of Estonia (Picture A). The ortophoto map
shows the brushwood on the arable land (Picture B). Such arable land plots (marked with
a dotted white dashed line) were classified as arable land with brushwood.
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map) was used for that purpose. The content of the
ENTD is updated continuously and some arable land
areas were from the year 2006 while some of them were
from the year 2011. The arable land of investigated
municipalities was split into undivided and complete
pieces (plots). Undivided and complete study units
are contiguous areas that are delimited by other types
of land (e.g. forest), by roads, ditches, or other linear
objects. Study units with the areas less than 0.2 hectares
were excluded from the study because small arable
land plots are usually a part of small landholdings and
not important for contemporary agriculture. Different
ArcGIS overlay procedures were implemented for the
study unit’s formation.

The ortophoto maps of Estonian Land Board
geoportal (http://xgis.maaamet.ce/xGIS/XGis) were
used for checking the occurrence of brushwood on the
arable land plots. Ortophoto maps were available from
the period 0f 2007 to 2011 in geoportal. All arable land
plots were divided into two groups: arable land without
brushwood and arable land with brushwood. Figure 2
illustrates the case if the study unit was classified as
arable land with brushwood. The trees and bushes are
clearly visible on the formerly cultivated land.

Three indicators were used to characterize the
spatial properties of arable land plots. The area of
plots was the first parameter. It is the most common
parameter to characterise any piece of land. The
second parameter to characterize the spatial properties
of arable land plots was determination of arable land
ratio (percentage) in the circle with the radius of 700
meters. Figure 3 illustrates that procedure.

Firstly, the centroid was determined for all plots
and then the circles with the constant radius R were
constructed around all centroids. Figure 3 shows only
one circle as an example. Actually, the circles were

constructed for all plots and they overlap with each
other. Finally, the ratio of arable land inside of each
circle was calculated. To do so, the area of arable
land inside of each circle was determined by ArcGIS
intersect procedure. Then, the area of arable land
inside of each circle was divided by the area of circle
with 700 metre radius (153.9 hectares).

The third parameter to characterize the spatial
properties of plots was the coefficient of compactness.
This parameter characterises the shape of plots and
it is calculated as the ratio of perimeter of plot to
circumference of square whose area is equal to the area
of that plot. Thus, the coefficient of compactness for
the square equals to one. The value of the coefficient
of compactness increases if the shape of the plot
becomes more uncompact. More compact shapes of
the plots are preferred from land cultivation point of
view.

Testing the study hypotheses was the last task of
the study. The average values of the spatial properties
indicators were calculated for both groups of arable
land plots (without brushwood on arable land and
with brushwood on arable land). The comparison of
average values of above mentioned indicators in two
groups allows usto assess if there is difference between
them. The Mann-Whitney test was used in order to
check the statistical significance (p-value) between
the average values of indicators describing the spatial
properties of arable land plots. One can conclude that
there is an impact of the spatial properties of plots on
the occurrence of brushwood on the arable land if the
group averages of the indicators describing the spatial
properties of those plots are statistically significant.
The Mann-Whitney test was used because of non-
normal distribution of the indicators describing the
spatial properties of investigated arable land plots.

Centroid of arable
land plot

Radius (R) of the circle
with the centre in the
centroid of plot

Figure 3. Example of determination of the arable land area inside the circle whose centre
coincides with the centroid of an arable land plot. Grey areas are arable land plots,
hatched area is the circle whose centre is coinciding with the centroid of arable land plot.
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Results and Discussion

The main results of the study are presented in
Table 1 and Table 2. The average area of plots (study
units) is 12.4 hectares but it ranges from 5.4 hectares
(Voru municipality) to 24.3 hectares (Viike-Maarja
municipality), see Table 1. The difference is 4.5 times.
The minimum area of studied plots (study units) in
all investigate municipalities was 0.2 hectares. The
reason for that is the elimination of all plots with areas
less than 0.2 hectares from the study. The maximum
area of plots in Véike-Maarja municipality was 424.4
hectares while in Kanepi municipality this area was
100.6 hectares. The difference is 4.2 times which is
similar to the difference of average areas of plots.

The data of Table 1 show that the number of plots
without brushwood is greater than the number of plots
with brushwood in 12 municipalities out of 15. The
number of plots with brushwood is greater than the
number of plots without brushwood in Muhu, Puka
and Voru municipality. In general, the number of plots
with brushwood is about 1.8 times smaller than the
number of plots without brushwood. It means that
about 35.6 percent out of all investigated plots had
in some extent brushwood on them. However, this
figure varies among the investigated municipalities.
In Martna municipality this figure was only 16.7
percent while in Puka municipality - 54.0 percent. It
is necessary to emphasise that the area of brushwood
on the investigated plots was relatively small in some
cases. For example, on some large plots (100 and

more hectares) the area of brushwood was only some
hectares.

The comparison of the average areas of plots
with and without brushwood shows some unexpected
results. In total, the average area of plots without
brushwood was less (11.4 ha) than the average area
of plots with brushwood (14.2 ha). At the same time
in nine municipalities the situation was contrary. For
example, in Muhu municipality the average area
of plots without brushwood was 2.8 times bigger
than the average area of plots with brushwood. The
possible explanation for that might be the varying land
use conditions in different areas.

Data in Table 2 characterise the impact of two
spatial properties on the likelihood of occurrence of
brushwood on the arable land. The p-values in this
table show whether the spatial properties of plots
without and with brushwood are significantly different
or not. The ratio of arable land in surrounding of the
centroids (the circle with the radius of 700 meters)
of the plots is the first spatial property described
in Table 2. For all investigated municipalities the
average ratio of arable land in the surrounding of the
centroids of plots without brushwood is 47.4 percent
and the same figure for plots with brushwood is 40.0
percent. The difference is statistically significant. The
mentioned difference was not statistically significant
for five municipalities (Abja, Johvi, Muhu, Puka and
Rannu). Also, it came out that the situation among
municipalities is different even if the difference

Table 1

Areas of investigated arable land plots

Number of arable land Avrea of plots by
Number of Area of plots (ha) plots by groups | giroups (ha)
Municipali arable land lots . plots lots with
P plots mean | minimum | maximum WFi)thout plots with | without P brush-
brush-wood | Prush-wood | - brush- wood
wood

Abja 614 13.7 0.20 158.6 376 238 19.4 10.1
Jogeva 891 15.5 0.20 289.2 711 180 13.7 22.6
Johvi 187 14.4 0.21 221.8 132 55 8.6 28.2
Kanepi 994 7.0 0.20 100.6 604 390 4.6 10.6
Kernu 444 9.1 0.21 108.2 303 141 9.9 8.7
Kohila 555 11.1 0.20 114.2 293 262 13.6 8.9
Koonga 497 15.7 0.20 193.1 376 121 12.8 24.9
Kéina 449 10.8 0.20 112.8 331 118 115 105
Martna 436 13.3 0.20 102.5 363 73 14.0 13.2
Muhu 653 7.3 0.20 127.5 306 347 10.4 3.7
Puka 742 6.9 0.20 140.7 341 401 3.9 9.5
Rannu 259 23.7 0.21 193.8 197 62 28.4 22.2
Tiiri 1147 17.9 0.20 226.1 841 306 18.0 17.9
Voru 1043 5.4 0.20 143.3 501 542 7.2 3.5
Viike-Maarja 664 24.3 0.20 4243 494 170 22.0 30.8
All investigated 9575 12.4 0.20 4243 6169 3406 11.4 14.2
municipalities
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Table 2

The impact of the percentage of arable land in surrounding of plots and compactness coefficient of
arable land plots on the likelihood of brushwood occurrence on the arable land

Number of plots by | Average percentage of arable land Average compactness coefficient of
groups in surrounding of plots arable land plots by groups
Municipality W?,:ﬁ(t)sut pllc)Jts with plots plots with plots plots with
brush- rush- without brush- p-value without brush-wood p-value
wood | brush-wood | wood brush-wood
wood

Abja 376 238 42.5 423 | 0918 1.26 1.41 0.000*
Jogeva 711 180 51.6 43.0 | 0.000* 1.34 1.46 0.000*
Johvi 132 55 57.3 53.5 | 0.463 1.29 1.50 0.000*
Kanepi 604 390 43.1 39.6 | 0.000* 1.27 1.49 0.000*
Kernu 303 141 34.1 38.6 | 0.017* 1.25 1.32 0.001*
Kohila 293 262 40.5 454 | 0.001* 1.21 1.35 0.000*
Koonga 376 121 48.7 44.4 | 0.034* 1.49 1.63 0.000*
Kéina 331 118 38.6 45.1 | 0.002* 1.24 1.40 0.000*
Martna 363 73 44.1 50.6 | 0.010* 1.36 1.45 0.017*
Muhu 306 347 35.6 354 | 0.613 1.20 1.44 0.000*
Puka 341 401 39.0 36.6 | 0.086 1.24 1.45 0.000*
Rannu 197 62 57.7 63.6 | 0.061 1.35 1.50 0.002*
Tiiri 841 306 45.0 53.7 | 0.000* 1.33 1.46 0.000*
Voru 501 542 34.2 40.3 | 0.000* 1.26 1.53 0.000*
Viike-Maarja 494 170 56.3 50.1 | 0.002* 1.32 1.44 0.000*
All investigated 6169 3406 47.4 40.0 | 0.000* 1.30 1.46 0.000*
municipalities

* - the difference between groups of plots without brushwood and with brushwood is significant at a confidence level of

95% (p < 0.05)

between the two compared groups (plots with and
without brushwood) is statistically significant. In
five municipalities (Kernu, Kohila, Kédina, Tiiri and
Voru) the ratio of arable land in surroundings of plot
centroids was higher for the plots with brushwood
compared with plots without brushwood. The result
could be explained with the local differences, but
this result needs deeper investigations. The similar
difference that is not easy to explain was observed
in the study of impact of distance of plots from the
roads on the conversion arable land into brushwood
(Mandel and Maasikamée, 2013).

There is a clear impact of the plots’ shape on the
likelihood of brushwood occurrence on the arable
land plots. The uncompact arable land plots tend to
have brushwood more likely than compact plots.

m

Figure 4. Examples of arable land plots inside

The difference between average coefficients of
compactness for plots without brushwood and with
brushwood is statistically significant for investigated
municipalities and in general.

One of the problematic aspects of this study is
the selection of the radius for circles surrounding
the plot centres in order to calculate arable land ratio
inside those circles. The problem can be divided into
two parts (or questions). The first question is: should
the radius be the same for all plots? If so then what
is the right radius? The example on Figure 4 clearly
illustrates that the ratio of arable land in the circle
surrounding the plot centroid will change in some
cases if the radius of the circle will change (see Picture
A on the figure 4). In some cases (see Picture C and
Picture D on figure 4) the change of the radius of the

the circle surrounding the centroid of plots.
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circle surrounding the centroid of the plot will not
have an impact on the ratio of arable land in this circle.
The arable land ratio in such cases will be close to 100
percent anyway. However, if the radius of the circles
will increase, there will be a situation that the ratio of
arable land inside the circles is definitely less than 100
percent.

The second question arises if selection is in favour
of the different radiuses of the circles surrounding the
plot centroids. The question in this case will be: what
is an argument for determination of varying radiuses?
Should one keep in mind the spatial properties of the
particular plot or is it necessary to consider a wider
area? The average ratio of arable land in different
regions varies. For example, the arable land ratio
in Rannu municipality is about 40 percent while in
Koonga municipality that figure is only 20 percent.
The average area of arable land plots is also varying:
in Rannu municipality that figure is almost 24 hectares
while in Voru municipality only 5.4 hectares. The
implementation of different radiuses for the circles
surrounding the plot centroids allows taking into
consideration the local conditions. At the same time
it will be difficult, if not impossible, to compare the
figures of different regions.

It is necessary to note that the result of the
study does not mean that plots with the poor spatial
properties will definitely be abandoned and converted
to brushwood. The results of the study show that if
the land abandonment and conversion of arable land
into brushwood occur, it will more likely happen on
the plots with poor spatial properties. It is somehow
controversial that land abandonment occurred
simultaneously with the situation when the area of
arable land per capita in the world is decreasing. On
the other hand, it shows that the land abandonment
and conversion of arable land into brushwood is a
complicated phenomenon.

The treatment of all plots in the same manner is
the limit of the study. The problem is that small arable
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Abstract

The primary goal of public projects is to create social benefits for the community. The prepared public project usually
has more than one option. In order to choose the most efficient option, it is necessary to take into consideration all social
benefits. For this reason multi-criteria methods may be applied since they provide a possibility to assess quantitatively
social benefits which are measured in many different quantitative and qualitative indicators. The problem of the
research stems from a variety of social benefits indicators of public projects, the problematic establishment of their
value and the need of their complex valuation. The paper presents a methodology for TOPSIS multi-criteria method
adapted for the valuation of public projects in order to select investment option and the empirical research makes it
possible to look at the problems of public project valuation from the practical approach. The research of the paper is
aimed at revealing the advantages and limitations of TOPSIS multi-criteria method used for public projects valuation.

Key words: rural community, public project, social benefits, TOPSIS multi-criteria method.

Introduction

Public projects are implemented in order to
satisfy the needs of the society, which are taken
care by the country, through state institutions, non-
profit organisations and associations. The goals of
public projects are related with the implementation
of state functions: health, improvement of social
security, education and employment of children
and youth, decreasing the unemployment, ensuring
the environmental safety, development of state
engineering network etc. Implementation of public
projects allows reducing social exclusion, promation
of economic and regional development. Investment
projects, specifically aimed at reducing poverty, are
related to the aspects of welfare, but not to income.
Benefits derived from such projects are difficult to
quantify (Van De Walle, 2002). Benefits brought by
public projects are intended to satisfy public needs
and they are generally referred to as social benefits.
Investments in the public sector have to comply with
the social, economic and political criteria (Medaglia
et al., 2008).

Every investment option should be evaluated and
substantiated before the right investment decision is
made. The valuation of public projects is complicated
due to complexity of valuation of social benefits. Social
benefits of public project should effectively satisfy
the needs of society. When making the investment
decision, it is appropriate to assess the efficiency of the
projects. The cost-benefit analysis method is usually
used for valuation the public projects: investment and
operating costs of the activity is evaluated as well as
the benefits created by the public project, which may
be expressed in monetary measures during the life-
time period of the project.

The theoretical principles of cost-benefit analysis
were detailed by Boardman et al. (2006), Pearce

(2006), Guide to Cost-Benefit Analysis of Investment
Projects (2008), Rosen, Gayer (2008); Baranauskiene,
Alekneviciene (2013) and other authors.

Evaluation in monetary measures is important
when it is necessary to make final decision in the
ranking of public projects, but no less important in
providing understandable information for the society
about the public project which often determines how
many members of the society will receive social
benefits created by the project. In this perspective
the cost-benefit analysis loses its attractiveness. The
information obtained from cost-benefit analysis is
not suitable for society debates about public projects’
implementation. Still, a set of non-monetary indicators
has to be prepared for the society (Nyborg, 2000).

Cost-benefit analysis is usually used for valuation
of public projects in order to choose the best investment
option, but it is criticized for two main features: 1)
theoretical value substantiation: if the priorities are
not correctly chosen, the main values — ecology,
durability, fair allocation, social welfare — are not
always indicated; 2) problematic assessment of social
benefits. Due to this reason a question is raised — can
the right decision be made using the method of cost-
benefit analysis? (Alekneviciene and Baranauskiene,
2013).

Public projects can also be evaluated using the
cost-effectiveness analysis which covers the analysis
of project goals, search for option ways to achieve the
goals, estimation of the costs incurred and benefits
generated by investment options and the comparison
of investment options (Ernst, 2006; Simic et al., 2011).

The main limitations of cost-effectiveness
analysis is that selected indicators do not always
express the entire social benefits created by a public
project; therefore, a large number of evaluated
indicators produce a complex combination which
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1. Proiect goals are defined and analvsed

e

2. Investment options to achieve project goals are searched

e

3. The indicators of social benefits are determined and put in numerical value

e

4. Each investment option is evaluated applying TOPSIS method:
4.1. Construction of normalized decision matrix. 4.2. Construction of weighted normalized decision matrix.
4.3. Determination of separation from ideal solution. 4.4. Determination of separation from ideal negative solution.
4.5. Calculation of relative closeness to the ideal solution.

e

5. Investment options are compared and analvsed

Source: compiled by the authors.

Figure 1. The steps of TOPSIS method applied for evaluation of public project.

is incomparable with another relevant option and
no ways of how to combine benefit indicators are
presented (Alekneviciene and Baranauskiene, 2014).

Scientists raise the question: how to measure
social benefits of public projects and what indicators
have to be used to evaluate them? Another important
problem is the monetary measurement of social
benefits: how to quantify non-market goods, such as
human life, environmental impact on human health,
etc. (Hansjugen, 2004; Almansa and Calatrava, 2007;
Hepburn and Koundouri, 2007; Saez and Requena,
2007; Greenberg and Robins, 2008; Nooij, 2011;
Firini et al., 2012; Parks and Godway, 2013) Scientific
problem can be formulated: how to quantify and
evaluate social benefits provided by public projects
for the public?

Multi-criteria  valuation methods could be
used for solving the mentioned problems. The
main advantage of mentioned methods is that
one summarized indicator can include several
maximizing and minimizing indicators expressed in
various dimensions, i.e. indicators which cause the
improvement of analyzed phenomenon in one case
and worsening in another case. Such combining is
possible due to normalization while all the indicators
are turned into non-dimensional, i.e. are comparable
with each other. Multi-criteria valuation methods
provide a possibility to combine indicators of social
benefits expressed in either qualitative or quantitative
measures, thus the measurement of social benefits in
monetary terms becomes unnecessary. These methods
provide a possibility to rank several projects (Guitouni
and Martel, 1998; Zopounidis, 1999; Bisdor, 1999;
Hites et al.,, 2006; Mendoza and Martins, 2006;
Tamosiuniene et al., 2006; Ginevicius, 2006, 2009;
Ginevicius and Podvezko 2008; Shmelev et al., 2009;
Frini et al., 2012).

The object of the research is valuation of public
projects.

The aim of the research is to reveal the methodology
of TOPSIS method and evaluate investment options
for a rural community public project by the TOPSIS
method.

Research tasks: 1) to present a methodology
for TOPSIS multi-criteria method applied for the
evaluation of public projects; 2) to evaluate investment
options for a rural community public project by the
TOPSIS method; 3) to determine the advantages and
limitations of TOPSIS method used for public project
evaluation.

Scientists use different Multi-criteria evaluation
methods: SAW (Simple Additive Weighting), MOORA
(Multi objective optimization on the Basis of Ratio
Analysis), TOPSIS (Technique for order Preference
by Similarity to Ideal Solution), COPRAS (Complex
proportional Assessment), ELECTRE (Elimination
and Choice Expressing Reality), PROMETHEE
(Preference Ranking Organisation Method for
Enrichment Evaluation) and other methods. TOPSIS
method is chosen for this theoretical and empirical
research to justify combining different social benefits
and costs indicators.

Materials and Methods
TOPSIS (Technique of Order Preference by
Similarity to Ideal Solution) method considers
three types of attributes or criteria: qualitative and
quantitative benefit attributes/criteria and cost
attributes or criteria.
Two artificial options are hypothesized in TOPSIS
method:
1. Positive ideal option: the one which has the best
level for all attributes considered.
2. Negative ideal option: the one which has the worst
attribute values.
TOPSIS selects the option that is the closest to
the positive ideal solution and farthest from negative
ideal option. The steps of TOPSIS method applied for
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public project evaluation are presented in Figure 1.

1-3 steps are the preparation for public project
evaluation using TOPSIS method. The qualitative
indicators of social benefits put in numerical value
using the scale. The evaluation scale reveals the
impact of investment options on the project’s target
group according to the selected evaluation indicators
for project effects.

Numerical value 1 2 3 4

Description
of the effects
of investment No
option on the effects

evaluated
indicator

Weak
effects

Medium
effects

Strong
effects

The solution received using the TOPSIS method
is the best one (the investment option is assessed by
creating the biggest social benefits to the society),
which is the closest to the ideal solution and farthest
from the worst solution (Olson, 2004).

Vector normalization is applied in the TOPSIS
method (Ginevicius and Podvezko, 2008):

T = (i=1,...,m; j=1,...,n); (1)
i N
2
rj
=1
Where: 'r; - i -th indicator, j -th option normalised
value.

The best investment option V* and the worst
investment option is calculated using the following
formulas (Lofti at al, 2007; Ginevicius, Podvezko,
2008):

Vi ={V, 'V, ...V =
{(max; o1, liel,), (max; oT, liel,)} )

Vo={V, VLV =

{(max; or, liel,), (max; o, liel,)} (3)

Where: |, —a set of maximised indicator indices, |, —a
set of minimised indicator indices.

The total distance of every compared option from
the best decisions and from the worst decisions is
calculated according to the formulas.

m

Y (@fF -V, @)
i=1
m -~
Y (@fF -V, )’ ©)
i=1
TOPSIS method criterion C; is calculated using
the formula: '
c-- L2 (=1....n) (©)
D, +D;

The value C of such criterion may vary from
Oto 1 (0<C <1) The best investment option is
expressed by the biggest C value.

Combining various s001al benefit indicators of
public projects in one measurable indicator, all options
of public projects can be compared with each other.

Results and Discussion

In order to justify methodology for public projects
evaluation using TOPSIS multi-criteria method,
the empirical research was carried out. The rural
community public project was evaluated seeking
to choose the best investment option regarding
investment costs, operating costs and social benefits.

The rural community has approximately 450
residents, while approximately 30 percent of them are
young people. One of the main goals of the community
is to gather the residents of Gudeliai and neighbouring
villages in searching for the most appropriate decisions
to raise economic and social well-being and to create
safe and convenient living environment. There are two
main problems raised in a village: unemployment and
the lack of public infrastructure, resulting in decrease
of population, when young people are leaving to work
in the biggest cities of the country or abroad, while
the village is disappearing. The remaining residents,

Table 1

Goal of rural community project and investment options

Investment options

Proj |
oject goa I Option

II Option I1I Option

To improve living conditions
for members of rural
community, create public
infractructure for leisure

volleyball, badminton and
mini football.

To equip a sports court, where
people could play basketball,

To create a modern beach
near a pond that is close to
the village.

To equip a library with
a computerised reading
room.

128

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2



RURAL COMMUNITY PUBLIC PROJECT VALUATION
APPLYING TOPSIS MULTI-CRITERIA METHOD

Jurgita Baranauskiene,
Gunita Mazure, Vilija Alekneviciené

Table 2

Valuation of indicators for investment options of rural community project

Description of the assessment applied to the indicator

Village residents of different age will be able to spend their leisure time in the
equipped sports court. There will be an opportunity created to engage in all kinds
of sports: basketball, volleyball, tennis and badminton. The library will provide
an opportunity not only to read the literature, but also to find out the necessary
information on the internet. The beach is less attractive because it can be used only

The best conditions for self-education are created by equipping a library. The sports
court and beach create a possibility to discover and educate the sports talents.

The created infrastructure will encourage people to do sports outdoors, be healthier,
get fit, everything that increases health and helps to rehabilitate the ability to work
helps to develop a healthy lifestyle. Sports and water procedures are essential both
for kids and young people as well as working residents.

The inappropriate behaviour of children and teenagers is usually encouraged by
lack of measures devoted to their favourite activities. Upon the appearance of a
possibility to do sports in the qualitative manners, to read their favourite literature,
the youth will be directed away from destructive activities - smoking, consuming
alcohol and vandalism. The attractive infrastructure will motivate children to take
up sports and reading activities appropriate for their age, to find out their hobbies
and develop them, leaving behind the waste of time or destructive activities.

Even the idea of the project itself encouraged the village community to cooperate
when implementing this project. The created infrastructure will serve as a common
place for rural people, where they will be able to spend their leisure time. In such a
way the sense of community is encouraged among the residents.

One of the reasons why people emigrate from the village and move to the cities
are social and cultural factors. Upon implementing the project and creating the
infrastructure to spend the leisure time purposefully, the village will become a
more attractive place to live. Considering the positive effect of the project to
the social environment and the initiative of the residents when preparing and
implementing the activities of the project, it is possible to state that the project will
have a positive effect in reducing the depopulation of the village.

Valuation of
social benefit
Indi f indicators
n .1Tat0rs f;) based on the
social benefits investment
options
| 1| 1l
1. Increase of the
variety and quality
in the leisure time 414 3
for the residents
during a particular season.
2. Improved
possibilities for
self-education, 3 4 3
development of
hobbies and talents
3. Improvement of 3 1 3
residents’ health.
4. Decrease
of destructive
activities of the 413 2
youth.
5. Encouraging
the sense of
community for the 413 4
residents.
6. Decrease of
depopulationinthe | 3 | 3 3
village.
7. The natural
diversity of the 111 2
environment is
harmed. natural flora and fauna may be harmed.

Preservation of natural environment is considered when implementing the project.
When improving the beach, the low value bushes are removed from the shore and
the accumulated sludge is cleaned. Upon cleaning the shore near the pond, the

Source: compiled by the authors

especially young people do not have any place where
they can spend their leisure time. In order to solve the
mentioned problem, it was decided to prepare and
implement the investment project and perform the
investigation of the needs of residents. Three optional
investment projects were prepared, which are briefly
described in Table 1.

The social benefit indicators are formulated to
compare the investment options, assessing of which
is based on a scale, considering the expected effect of
the project (Table 2).

It should be noted that the presented indicators
reveal not only the benefits created by the public
project, but also its harm (negative impact on the

natural environment). When normalising the values
of the indicators, the indicators of social benefits
are maximised (the more the better), while the harm
indicators are minimised (the less the better). In order
to take into account the investment costs and the
maintenance costs for the established infrastructure,
they are also included into the multi-criteria valuation
by giving them a numeric value in the range of 1-3 and
comparing the investment options with each other.
The main goal of public project is to create social
benefits for the society; therefore, social benefits are
more important than investment and operating costs.
Due to this reason the presumption is made that all
indicators of social benefits are equally important and
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Table 3
Evaluation of investment options applying TOPSIS method
Number of social benefit indicators Operat_ing
Investment costs in Investment
options 1 2 3 4 5 6 7 EUR per costs (EUR)
year

| option 4 3 3 3 1 900 40547

11 option 4 4 1 3 3 3 1 4800 28962

111 option 3 3 3 2 3 2 900 57924
Construction of normalized decision matrix
I option 0.67 0.50 0.75 0.80 0.67 0.60 0.50 0.18 0.53
11 option 0.67 0.67 0.25 0.60 0.50 0.60 0.50 0.97 0.38
111 option 0.50 0.50 0.75 0.40 0.67 0.60 1.00 0.18 0.76
Construction of the weighted normalized decision matrix
I option 0.67 0.50 0.75 0.80 0.67 0.60 0.50 0.09 0.27
Il option 0.67 0.67 0.25 0.60 0.50 0.60 0.50 0.49 0.19
111 option 0.50 0.50 0.75 0.40 0.67 0.60 1.00 0.09 0.38
Determination of separation from ideal solution
I option 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.01
11 option 0.00 0.00 0.25 0.04 0.03 0.00 0.00 0.16 0.00
111 option 0.03 0.03 0.00 0.16 0.00 0.00 0.25 0.00 0.04
Determination of separation from ideal negative solution
| option 0.03 0.00 0.25 0.16 0.03 0.00 0.25 0.16 0.01
11 option 0.03 0.03 0.00 0.04 0.00 0.00 0.25 0.00 0.04
111 option 0.00 0.00 0.25 0.00 0.03 0.00 0.00 0.16 0.00
Calculation of relative closeness to the ideal solution
I option 0.8251
11 option 0.4741
111 option 0.4816

have weights 1, and investment and operating costs
have weights 0.5.

Considering the importance of indicators, the
indicators of each investment option are combined
into one comparative indicator using TOPSIS multi-
criteria method. The numeric and normalised values
of social benefits indicators of the rural community
project investments options are provided in detail in
Table 3. After relating to the normalised indicators,
considering the coefficients of their importance, it is
possible to compare the expected social benefits of the
village community project investment options.

Applying TOPSIS, multi-criteria method can
be stated that the 1st investment option of rural
community project is the most effective considering
social benefits, investment and operating costs.

In summary, the valuation of the public project
using TOPSIS multi-criteria method made it possible
to incorporate into valuation various indicators of
social benefits, compare investment options and make
the right investment decision.

Conclusions
1. TOPSIS multi-criteria method allows combining
the social benefits, harm as well as investment

and operating costs, which are expressed in the
public projects by measurable and non-measurable
indicators in monetary units. Cost-benefit analysis
usually allows only the assessment of social
benefits of public project measurable in monetary
units. After defining project goals, investment
options and indicators of social benefit, TOPSIS
method could be applied for valuation of each
investment option. Main steps of TOPSIS method
consist of construction of normalized decision
matrix, determination of weight to each indicator,
determination of separation from ideal solution
and ideal negative solution and calculation of
relative closeness to the ideal solution.

2. The valuation of rural community public project
applying TOPSIS method was carried out. Project
goal is to improve living conditions for members
of rural community, creating public infractructure
for leisure. Three investment options were
evaluated in order to reach the goal of the project.
Seven social benefit indicators were identified for
the project, which are related to the improvement
in the quality of rural people spending leisure
time, the possibilities of self-expression, health
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3.

promotion possibilities, decrease of destructive
habits in youth, depopulation in the village, etc.
The social benefit indicators as well as investment
and operating costs will be combined using the
TOPSIS method and selecting the most efficient
investment option.

Upon performing all of the steps in assessment
of the public project in practice, when applying
the TOPSIS method, it is possible to summarise
the advantages and limitations of the method.
The main advantages: 1) enables to evaluate the
indicators measured in monetary and non-monetary
units; 2) enables to evaluate the chosen indicators
that do not have a qualitative expression; 3) the

indicators can be chosen and combined depending
on specific situation, project or evaluation
purposes. The limitations of TOPSIS method used
for public project valuation: 1) separate options
are not evaluated; the method allows to rank the
options; 2) it is not clear how to evaluate the
impact of public projects on social welfare when
the investment horizon is long; 3) the final result is
highly determined by the weight of indicators; 4)
the objectivity of valuation is highly impacted by
the qualification, logical reasoning and creativity
of the expert. However, due to the mentioned
advantages it can be successfully applied for the
evaluation of public projects.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Alekneviciene V., Baranauskiene J. (2013) Rural Communities Public Project Valuation Using Cost-
Benefit Analysis. Rural development 2013: the 6th international scientific conference proceedings.
Vol. 6, book 1, pp. 25-31.

Alekneviciené V., Baranauskiené J. (2014) Valuation of public projects by the method of cost-effectiveness
analysis. Economic Science for Rural Development: Proceedings of the International Scientific Conference:
Integrated and Sustainable for Rural Development. Jelgava. 36, pp. 118-128.

Almansa C., Calatrava J. (2007) Reconciling sustainability and discounting in Cost-Benefit Analysis: A
methodological proposal. Ecological economics, 60: pp. 712-725.

Bisdor R. (1999) Cognitive Support Methods for Multi-criteria Expert Decision Making. European Journal
of Operational Research, 119, pp. 379-387.

Boardman A., Greenberg D., Vining A., Weimer D. (2006) Cost-Benefit Analysis: Concepts and Practice.
Upper Saddle River, NJ: Prentice Hall, 576 p.

Ernst R. (2006) Indirect Costs and Cost-Effectiveness Analysis. Value in Health, 9(4), pp. 253-261.

Frini A., Guitouni A., Martel J.M. (2012). A general decomposition approach for multicriteria decision
trees. European Journal of Operational Research, 220: pp. 452-460.

Ginevicius R. (2006) Daugiakriterinio vertinimo rodikliu svoriu nustatymas, remiantis ju tarpusavio
saveika // Multicriteria Evaluation of the Criteria Weights Based on Their Interrelationship. Versilas: teorija
ir praktika // Business: theory and practice, 7(1): pp. 3-13.

Ginevicius R. (2009) Socioekonominiu sistemu bukles kiekybinio ivertinimo problematika // Some
Problems of Quantitative Evaluation of the State of Social-economic Systems. Verslas: teorija ir praktika
// Business: theory and practice, 10(2): pp. 69-83.

Ginevicius R., Podvezko V. (2008) Daugiakriterinio vertinimo taikymo galimybes kiekybiniam socialiniu
reiskiniu vertinimui // A Feasibility Study of Multicriteria Methods’ Application to Quantitative Evaluation
of Social Phenomena. Verslas: teorija ir praktika // Business: theory and practice, 9(2) pp. 81-87.
Greenberg D.H., Robins P.K. (2008) Incorporating Nonmarket Time into Benefit-cost Analyses of Social
Programs: An Application to the Self—sufficiency Project. Journal of Public Economics, 92: pp. 766-794.
Guide to Cost-Benefit Analysis of Investment Projects. Structural Funds, Cohesion Fund and Instrument
for Pre-Accession. (2008) Final Report. 255 p.

Guitouni A., Martel J.M. (1998) Tentative Guidelines to Help Choosing an Appropriate MCDA Method.
European Journal of Operational Research, 109: pp. 501-521.

Hansjugen B. (2004) Economic Valuation through Cost-benefit Analysis — Possibilities and Limitations.
Toxicology, 205: pp. 241-252.

Hepburn C.J., Koundouri P. (2007) Recent Advances in Discounting: Implications for Forest Economics.
Journal of Forest Economics, 13, pp. 169-189.

Lofti F.H., Allahviranloo T., Jondabeh M.A., Kiani N.A. (2007) A New Method of Complex Decision
Making Based on TOPSIS for Complex. Applied Mathematical Sciences. Vol.1; 60, pp. 2981-2987.
Medaglia A.L., Hueth D., Mendieta J.C., Sefair J.A. (2008) A Multiobjective Model for the Selection and
Timing of Public Enterprise Projects, Socio-Economic Planning Sciences 42, pp. 31-45.

Mendoza G.A., Martins H. (2006) Multicriteria Decision Analysis in Natural Resource Management:
A Critical Review of Methods and New Modelling Paradigms. Forest Ecology and Management, 230:
pp. 1-22.

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2

131



Jurgita Baranauskieng, RURAL COMMUNITY PUBLIC PROJECT VALUATION
Gunita Mazure, Vilija Aleknevic¢iené APPLYING TOPSIS MULTI-CRITERIA METHOD

19.

20.

21.

22.

23.

24,
25.

26.

27.

28.

29.

30.

Nyborg K. (2000) Project Analysis as Input to Public Debate: Environmental Valuation Versus Physical
Unit Indicators. Ecological Economics, 34, pp. 393-408.

Nooij M. (2011) Social Cost-benefit Analysis of Electricity Interconnector Investment: A Critical Appraisal.
Energy Policy, 39: pp. 3096-3105.

Olson D.L. (2004). Comparison of Weights in TOPSIS Models. Mathematical and Computer modeling;
40, pp. 721-727.

Parks S., Gowdy J. (2013) What Have Economists Learned About Valuing Nature? A Review Essay.
Ecosystem Services, 3: pp. 1-10.

Pearce D.W., Atkinson G., Mourato S. (2006) Cost-Benefit Analysis and the Environment: Recent
Developments. Paris: Organisation for Economic Co-operation and Development (OECD), 318 p.

Rosen H.S., Gayer T. (2008) Public Finance. New York: McGraw-Hill, 336 p.

Saez C.A., Requena J.C. (2007) Reconciling Sustainability and Discounting in Cost—Benefit Analysis: a
Methodological Proposal. Ecological Economics, 60, pp. 712-725.

Shmelev S.E., Rodrkguez-Labajos B. (2009) Dynamic Multidimensional Assessment of Sustainability at
the Macro Level: The Case of Austria. Ecological Economics, 68: pp. 2560-2573.

Simic N., Vratonjic V., Beric 1. (2011) Methodologies for the Evaluation of Public Sector Investment
Projects. Megatrend Review 8(1), pp. 113-130.

Tamosiuniene R., Sidlauskas S., Trumpaite I. (2006) Investiciniu projektu efektyvumo daugiakriterinis
vertinimas // The Multicriterial Evaluation Method of the Effectiveness of the Investment Projects. Verslas:
teorija ir praktika //Business: theory and practice, 7(4): pp. 203-212.

Van de Walle D. (2002) Choosing Rural Road Investments to Help. World Development, 30(4): pp. 575-
589.

Zopounidis C. (1999) Multicriteria Decision Aid in Financial Management. European Journal of
Operational Research, 119, pp. 404-415.

132

RESEARCH FOR RURAL DEVELOPMENT 2015, VOLUME 2



ECONOMICS

SOCIAL DIMENSION OF THE MEASUREMENT
FOR REGIONAL DEVELOPMENT

Liga Rasnaca, Baiba Bela
University of Latvia
liga.rasnaca@lu.lv, baiba.bela@lu.lv

Abstract

The article addresses the problem of social dimension measurement of for regional development. Authors’ discus
approaches of definition of social dimension. There is some discord how social dimension could be understood in
more broader or narrowed sense and how it is characterized in international and national social policy documents.
Authors focus attention on contiguity of social dimension and social security. The measurement of social dimension
demands multidimensional approach. The authors use theoretical analysis and document analysis, as well as analysis
of statistical data on key elements of social dimension of regional development (differences of employment rate; GINI
coefficient, and the number of people at risk-of-poverty threshold). The main conclusions are that social dimension
is more or less covered in development planning documents, but the progress indicators are inadequate. Especially
disparities in social dimension of regional development are formally addressed and closer analysis of key indicators

shows necessity to elaborate both — policy instruments as well as policy progress measurement.
Key words: social dimension, social security, regional development, social policy.

Introduction

Uneven regional development and high income
inequality are recognized as serious threats to
successful development in Latvia (Saeima, 2010;
VARAM, 2013). The economic disparities result in
sharp differences in working and living conditions.
There are also considerable differences in provision
of social security between regions and municipalities
(National Social Report of Latvia, 2014). Are these
problems addressed in the policy documents? Are
adequate progress indicators developed, especially
for monitoring of social dimension of regional
development? The aims of the article are: 1) to
discuss the definition of the social dimension and to
analyze the coverage of social dimension in the policy
documents of development planning; 2) to illustrate
social security problems by analysis of statistics
in order to substantiate the necessity of regular
monitoring of social dimension indicators at regional
level.

Latvia has elaborated the long-term development
planning document “Sustainable Development
Strategy of Latvia until 2030 (Latvia 2030)” and
the medium-term planning document “National
Development Plan 2014-2020 (NDP 2020)”. NDP
2020 is closely related to Latvia 2030 and the National
Reform Programme for the Implementation of the
EU 2020 Strategy. Because one of Latvia’s strategic
goals is to join the OECD, the authors of this article
will pay particular attention to the measures of social
dimension covered by mentioned documents in the
context of strategic goals for social security and
social sustainability of OECD. Social security plays
a key role in provision of well-being and as a base
for sustainable growth and development. The social
dimension contains elements directly and indirectly
connected with social security provision.

The research is done as a part of the project
“Elaboration of innovative diagnostic instruments
for regional development”, funded by the European
Social Fund (No 2013/0057/1DP/1.1.1.2.0/13/APIA/
VIAA/065), where the task of authors was to develop
the social security index as innovative instrument to
measure the coverage of social security provision at
different territorial units (national, regional, local).

Materials and Methods

Authors apply theoretical analysis and document
analysis. The documents analysed are policy
documents of the UN, EU, OECD, ILO and Latvia.
The aim is to stress importance of social dimension of
development and simultaneously to find contemporary
understanding of key elements for social dimension
of regional development. Descriptive statistics are
used in order to throw light on the regional disparities
within key elements of social dimension of regional
development. However, during the research the
broader range of indicators were analysed in order
to develop complex and holistic approach to social
dimension of sustainable development, the limitations
of article allow to pay attention only to key elements.
Even analysis of few key indicators show considerable
regional differences and allows substantiate the
importance of regular measurements for monitoring
and development of better targeted and more efficient
social policy.

Results and Discussion

However, the central concept of the article is that
of social dimension of development, it is very closely
linked to more concrete concept of social security.
Social security is a key to secure social dimension of
sustainable development. However, there is no real
consensus even on the social security concept, as it is
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reflected in conceptual documents of the international
organizations. Therefore, it needs to be clarified.
Social Security is a value that includes a broad view
of the human right to dignity and free development,
but in a narrower sense it means security in the labour
market, income security, health protection, and high
quality of social services for all. The United Nations
Universal Declaration of Human Rights, Article 22
defines that everyone has the right to social security
and the maintenance of self-esteem of their personality
and the free development of the necessary rights in the
economic, social and cultural fields. The Declaration is
also made to ensure legislation for the implementation
of international cooperation and support for State Aid
pursuant to its resources (UN Universal Declaration
of Human Rights, 1948). However, a clear definition
of the concept of social security is not given. Also, the
scientific literature has a rather descriptive approach,
including social security within the meaning range of
policy areas, such as employment, health, education,
welfare, social inclusion, in tune with the Declaration
of Human Rights. Broad approach contains the
link between social security, human dignity and
free development. Often, however, social security
is understood very narrowly based on the income
replacement in social risk situations, as defined by the
International Organization (ILO) Convention 102 on
minimum standards of social security (International
Labour Organization, 1952). Employment researcher
Wouter Van Ginneken indicates that from a narrow
view of social security as income replacement, there
is a return to the broader perspective of social security,
which is fundamentally linked to human rights (Van
Ginneken, 2009). Social security is a human right
and a social and economic necessity. It is empirically
proven that unfair and unequal societies have slower
economic growth, lower gross domestic product,
greater instability and mutual distrust (Stiglitz, 2012;
Vilksinsons and Pikita, 2009).

Modern understanding of social risk and their
content is not sealed and requires a review of the
assumptions that formed in the middle of the previous
century. The researchers also point out that main
internationally recognized social risks referred to in
the 1952 ILO definition of social security (health care,
income security, protecting from social risks in old-
age, unemployment, sickness, occupational diseases,
disability, work accidents, maternity or survivors’ case)
are nowadays changing as a result of the traditional
system of social protection no longer fully conformed
with its mission (Beck, 2000; Bauman, 2007). Global
change actuality acquires new risks, such as elderly
care at home and in institutions or a new relationship
in the labor market (for example, agreements of micro-
enterprises) (Phillips, 2008; Daly, 2011). Therefore,
researchers should not be confined to the narrow

understanding of social security, its regulatory role,
but to analyze it in the context of global, international,
national, regional and local processes of social change,
which is done only with complex, flexibly adapted
research tools. ILO recognizes this and is working
on the recommendations of the social policy in order
to cover new risks and review the existing security
system coverage (ILO, 2010). European Union social
policy level has been established to the new concept of
“flexicurity’, which is embedded in the EU resolution,
shifting the emphasis from social security to flexible
security, a framework for security in the labor market
(EU Commission, 2007).

For analysis of social dimension of regional
development the very important is its conceptual
link developed by OECD, especially in the context
of Latvia’s aim to join OECD. Latvia’s Road Map
to OECD covers a broad range of economic and
social policy topics. Regional development is on
the front lines of many challenges faced not only
by Latvia, but also by many OECD countries today.
The guidelines of OECD are valuable for Latvia’s
regional development measurement. The OECD
have elaborated a Framework for Measuring Well-
Being and Progress, which proposes to measure
well-being through a multi-dimensional approach
expanding on capability concept of Amartya Sen’s
and ideas about social progress of Joseph Stiglitz’s
(Sen, 1993; Stiglitz et al.,.2009). Well-being and
social dimension of development are not completely
overlapping concepts. Well-being is more individual-
centered concept, whereas social security is more
policy-centered concept, but their constitutive
elements almost overlap (especially with elements
of broad understanding of social security and social
dimension of development). The OECD conceptual
framework for measurement of well-being in regions
consists of seven distinctive features: income, health,
safety, housing, access to services, civic engagement,
education, jobs, environment (OECD, 2014). OECD
offers to measure regional differences by seven
dimensions, constructing an index with the seven
constituents. Each dimension could be measured by
1-2 indicators (for example: jobs: employment rate
and unemployment rate; housing: number of rooms
per person; health: life expectancy and age adjusted
mortality rate; education: share of labour force for
people who have, as a minimum, secondary education;
safety: homicide rate, etc.). The indicators are selected
for measurements by focusing on individual and
location based characteristics. OECD concentrates
on well-being outcomes as direct information rather
than on inputs and outputs, material and non-material
dimensions; it looks at the dynamic of well-being
over time (OECD, 2014). The OECD measurement
framework includes different dimensions of well-
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being; it is broader than social security, which is a
contested concept.

When selecting the dimensions for measurement
of social security of territories, it is important to
pay attention to the development of objectives and
performance indicators included in Latvia basic
planning documents. The authors are eager to find a
reasonable balance between the theoretical principles
and policy objectives for measurement of social
dimension in regional development. The Ministry of
Environmental Protection and Regional Development
recognizes: “Latvian regional development disparities
are still significant and the existing measures have
failed to achieve a decisive change in the territorial
development indicators in reducing adverse
distinction” (VARAM, 2013).

Sustainable Development Strategy of Latvia until
2030 is a key tool for long term development planning
in the country (Saeima, 2010). The idea of happy
people in the prosperous country is central in this
document, security and possibility to attain goals, a
person has a reason to value - are mentioned among
main strategic objectives. However, among progress
indicators the inequality is measured by GINI and
regional differences are measured by regional
dispersion of GDP. The indicators for employment
and unemployment level are not included at all.
The OECD recommends focusing attention on
employment possibilities as base for social security
and unemployment level as a threat for it. The focus of
National Development Plan 2020 is on the idea about
the necessity of a breakthrough, the establishment
and development of businesses that are creative and
generate high added value that constitute preconditions
for increasing competitiveness to create the effective
growth model for Latvia (Cross-sectoral Coordination
Centre, 2010). Among priorities there is human
security and growth of territories. Social dimension of
development and set of progress indicators is better
developed in this document. However, the weak point
is that authors of NDP 2020 assume that economic
growth will automatically resolve social problems.
Also, employment, education and health are treated
rather instrumentally, as means for economic growth,
not as basic human rights and elements of social
security.

Latvia 2030 and NDP 2020 constitute the strategic
development settings, but do not show the way to
reduce the high poverty rates and significant regional
differences in income, as well as unequal distribution
at the level of local governments. The strategic
objectives in social security area have a declarative
character, and there is lack of adequate progress
indicators.

The next problem is the fragmented responsibilities
for social dimension at governmental level. The

responsibility for social security matters is divided
between ministries at the national level and local
governments at the local level. The Ministry of
Welfare is responsible for the social policy planning,
for social insurance, social assistance and social
services and demographics. The Ministry of Education
is competent in the issues of inclusive education,
but the Ministry of Economy - in employment.
The social integration and anti-discrimination field
refers to the Ministry of Culture, but health care
policy - to the Ministry of Health. The Ministry
of Justice and Ministry of Finance are involved in
solving financial and legislative problems of social
dimension. Six ministries are involved in division
of the responsibility for social dimension in Latvia.
It is difficult to harmonize the understanding of
social security and elaborate universal instrument
for measurement of regional differences in social
security. Local governments provide social assistance
and social services, pre-school, general and basic
services, access to health care, as well as assistance
to people in resolving housing issues (National Social
Report of Latvia, 2014). The problem is that each local
government can decide to increase the minimal level
of assistance. Certainly, the local governments with
higher income levels are able to provide higher levels
of social security and measures for social inclusion.
The Ministry of Welfare of the Republic of Latvia
recognizes disparities in amount and availability of
social services in different local municipalities — ,,two
persons with identic needs receive very different
services according to the place of living” (National
social report of Latvia, 2014). Here again regional
disparities come to the forefront.

Authors offer to substantiate the importance
of social dimension for regional development by
selecting and analyzing here just key elements of social
security: employed population, inequality (GINI) and
persons at risk of poverty (%). Employment serves
as basis for social security expenses, and work is one
of the most important values in life, as well as an
element of basic human rights. The social inequality
shows the distribution of income differences in Latvia
regions. Higher GINI coefficient value means not
only higher income inequality, but also higher risk of
insufficient social security for lower income groups
and greater sense of social injustice in the larger part
of population. The proportion of people at risk of
poverty constitutes less protected and more vulnerable
part of population. The problem is especially serious
in the context that the local governments operate
in diverse socio-economic environments and are
rather autonomous in solving social issues. Social
inequality is a crucial factor for sustainable social
development according to guidelines adopted in the
UN, OECD and EU. That is why authors have chosen
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Table 1
Difference of employed population (15-64) by labour status in statistical regions against
average % in Latvia
2009 2010 2011 2012 2013

Riga region +2.4 +1.8 +3.3 +4.1 +45
Pieriga region

+2.3 +1.2 +1.1 +2.1 +1.7
Vidzeme -29 -0.7 —0.6 -39 -33
Kurzeme —-04 +1.0 -1.6 -0.9 —0.6
Zemgale -1.4 -2.9 -13 -1.1 -1.1
Latgale -3.7 -3.2 -5.6 -7.2 ~7.4
Urban +0.9 +1.1 +1.8 +15 +1.7
Rural -1.7 24 -2.9 =3.1 -3.5

Source: CBS, recalculation according to Employment rate in

differences of employment rate in different regions as
key components; GINI coefficient, and the number
of people at -risk-of-poverty threshold (60% of the
national median equalized disposable income %). The
importance of reduction of social inequality as major
challenge is pointed out in Sustainable Development
Strategy of Latvia until 2030.

The authors consider employment differences (as
calculation of employment rate against Latvia average)
show outcome of labour market trends and are clear
and illustrative, There are clear differences between
employment rate against Latvia average in rural
(only negative values) and urban areas (only positive
values). Employment differences show distinct trends
in Latvia regions in 2009-2013. The employment rate
in Riga (capital city), Pieriga (Riga metropolitan area)
are higher than in other regions. The fluctuations of
employment rate in the interval are high (=3.9; +4.5).
An employment possibility, the number of work
places is the basis for economic and social stability
and security. And it is the source of resources for social
security implementation. Low level of employment
means that a large part of population is unemployed or
even economically inactive.

Latvia statistical regions, CSB (2015).

Gini coefficient is broadly used for international
comparison and is recommended by OECD and
EU advisors. It is proposed as an indicator in
Sustainable Development Strategy of Latvia until
2030. Sustainable Development Strategy of Latvia
until 2030 has defined strategic indicators for 2030
- Gini coefficient must decrease below thirty (<30).
At present, Gini coefficient is above defined limit in
all regions. Latgale and Zemgale regions are the only
areas where social inequality has evidence of decrease
after crises and in 2013 is lower than in 2009. Both
regions have rather large part of population living and
working in rural areas (agriculture).

The fluctuations of Gini coefficient size in different
regions show lack of clear progress in elimination of
social inequality. The Gini coefficient was slightly
higher in 2013 in Riga and Pieriga region. It is higher
than in the EU on average (Eurostat, 2013).

In 2013, each fifth of the Latvian population
were subjected to the risk of poverty, which is more
than in 2012. There are evident differences between
regions (Latgale >30%; Riga < 15%). The higher
proportion of people below threshold of poverty is
in Latgale — the Eastern, mostly rural part of Latvia.

Table 2
Gini coefficient in Latvia regions (%)
Riga Pieriga Vidzeme Kurzeme Zemgale Latgale
2009 34.9 36.0 32.8 33.4 36.3 345
2010 34.9 343 33.4 323 33.6 334
2011 34.2 38.1 33.6 34.9 34.8 31.6
2012 33.7 36.9 35.2 33.2 32.1 31.9
2013 343 37.1 33.7 33.6 32.0 31.9

Source: authors’ calculations based on CSB data (CSB,2015a).
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Figure 1. At-risk-of-poverty (persons with disposable income below at risk-of-poverty
threshold - 60% of the national median equalized disposable income %).

Source: authors’ calculations based on CSB data (EU-SILC survey) (CSB, 2015b).

But less people below poverty line are in Riga and
Pieriga regions where employment and income
levels (Table 1) are higher (Bela and Rasnaca, 2015).
However, the relatively successful economic growth
does not guarantee social development for all (in
Riga and Pieriga, numbers of persons under risk
poverty are still high, and these districts have the most
unequal income distribution in Latvia). In five years
(2009-2013), the number of people at risk of poverty
or social exclusion has slightly risen in three regions
(Riga, Pieriga, Vidzeme), but slightly diminished in
others (Kurzeme, Latgale, Zemgale). The authors
suggest that particularities of local political initiatives
could be at the bottom of such changes.

Conclusions

Latvian government should establish a clear
social policy that would strengthen Latvian move
towards a welfare state functions and purposes. ‘The
Sustainable Development Strategy of Latvia until
2030’ and ‘National Development Plan 2014-2020’
have designed more general regional and social
development aims, but complex and networked
implementation is necessary. Welfare policy actors
see the social security in narrow and fragmented
perspective. The analysis of regional disparities and
inequality indicators, which do not show tendencies
toward decline, substantiate a great need for a unified
social policy planning document as a mid-level

document (between Latvia 2030, the NDP 2020 and
the lower level planning documents), which would
help to improve coordination between different policy
implementation levels and sectors. The extent to which
income inequality varies within regions and districts is
very relevant for policy decisions and monitoring. The
economic growth without social security coverage
failed to ensure well-being and social security for all
population.

The contribution of this paper is to show
the importance of social dimension in context
of international perspective on social security
measurement for regional development evaluation.
Latvia must seriously work on complex solutions
for social inclusion, reduction of poverty and
inequality, as well as on other social security issues,
including more equal living and working conditions
in all local governments. The innovative instrument
for measurement of social dimension of regional
development is a necessary precondition for regular
monitoring of policy objectives for sustainable social
development in all regions.
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Abstract

Recently economic development has been an issue of intense research and discussion in an academic society. Many
facets of countries’ economic development were examined, including foreign trade. As a foundation of international
cooperation, this indicator is relevant in observing one’s internal development and external ties. In case of Latvia, this
topic is heavily influenced by economists, and the geographical perspective is quite underdeveloped. In this research,
the economic ties of Latvia were explored through the analysis of its main export groups in sectors of agriculture,
forestry and fisheries throughout the first decade of the 21 century.

With the aim of establishing clear ties between Latvia and its major export markets, the statistics of foreign trade was
analysed using frequency analysis. It can be reported that in general Latvian export markets are closely located and
consist of the Baltic Sea Region countries such as Denmark, Germany, Russia and others. Despite the differences
in commodity group destinations, it can be clearly stated that a division of trade flow still exists, separating it into
two directions - Eastern and Western, where the former allocates the majority of Latvian processed commodities
and more sophisticated goods, and the latter consumes raw materials and less transformed materials. This arguably
shows a difference in demand in Western and Eastern markets, where the first mostly requires materials for its own
industry, while the latter procures them for consumption on the local market, again pointing to a complexity of

reforms required for the Latvian economic focus turning towards Western markets.
Key words: foreign trade, frequency analysis, agriculture, forestry, fisheries.

Introduction

Following the economic crisis of 2007-2009, the
debate about the economic development in Latvia and
many other countries has taken a big turn towards
more sustainable and continuous economic policing
than ever before. Due to a fast and fluctuating nature
of the crisis, where the fall or stagnation of economies
resembled a domino effect, the mechanisms of
stabilisation used on previous occasions were not very
effective; however, the heavy-handed interventions by
state financial institutions in many cases led to quick
or moderate recovery times. In case of Latvia, the
damage was too great for it to recover on its own, so
the international financial assistance was sought.

This is one of the few great background events
that highlight the research field of the economic
development of Latvia. In the last 20 years, Latvian
economy has undergone a profound transformation
from a post-socialist economy based on the
production of agricultural and industrial goods to
a more liberal economy, where services dominate
production. Another aspect is the restructurization of
its production sectors, where the agricultural part grew
and the industrial one decreased considerably, with
only few heavy industries surviving and the majority
shifting to light industries, such as textiles, furniture
and raw material re-processing. These changes, made
to accommodate the Latvian economic transition to
one closer to the European Union (further EU), were
made prior to the 2004 enlargement of the EU, and
continued even after, but at a faster, more optimistic
speed, which led to an unprecedented growth rate.
In few years between the Latvia’s accession to the
EU and the economic crisis, the economy of Latvia

developed very actively and sometimes with very
unreasonable and hypertrophied ambitions, which led
to intensive borrowing of free EU capital available on
financial markets. As a result, industries had to bear the
greatest toll when the crisis became a reality in Latvia.
Stagnation, a sharp drop of Gross Domestic Product,
recession and growing unemployment made it hard
for many enterprises to continue their functioning, and
many of them went bankrupt.

All these events made economists and those in
the research field shift their attention to perspective
developmenttargets, evaluations of the existing trading
patterns and connections, and to a more sustainable
planning of economic development. In this scientific
research, however, geography and spatial research
has been secondary, priority being given to economic
parameters and variables. Still, space and its structure
are important since they are crucial in economic
theories on good flows and production chains as noted
by A. Smith and many others (Mazirina, 2007).

This research aims to analyse the spatial
development of foreign trade of Latvia in particular,
its export markets of major commodity groups using
frequency analysis. This is achieved by:
= evaluating the existing extent of research in the

field and completing a statistical overview in the

period of interest;

= gathering export data of main commodity groups
and using frequency analysis to pinpoint the major
and continuously stable markets;

= analysing the results of the frequency analysis and
interpreting them with additional qualitative data
to explain a positive or negative trend, without
relying on pure empirical data.
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Before starting to analyse the statistics, it was
crucial to observe the current trends in this research.
On the local level, the research concentrated on
international connections and trade (Karnups, 2004;
Mazirina, 2007; Rupeika, 2010; Zuravlovs, 2012),
foreign trade development as a major economic
development element (Vasiljeva, 2007; Privalova,
2008; Svilans, 2008; Ovc¢innikova, 2011), foreign
trade as a descriptor of international integrity and a
tool for further European/World integration (Biimane,
2007; Lagune, 2007; Kolesnikova, 2008; Fadejeva
and Melihovs, 2009). On the other hand, in the
international scientific community, the research of
foreign trade as an economic development component
was mostly concentrated on the largest trading partners
(Berentsen, 2012; Bertaite and Liepa, 2011; Kantar et
al., 2011), commodity turnover (Birzins, 2004; Keiss
etal., 2009; Devaeva, 2006), and the analysis of traded
commodity type or group (Berentsen, 2012; Gingrich,
2011; Devaeva, 2006).

Materials and Methods

The data used in this research were taken from the
Central Statistical Bureau of Latvia. The data from the
year 2000 to 2013 were collected for all foreign trade
transactions in the selected groups, which represented
the major sectors of the Latvian economy such as
agriculture, fisheries and forestry. The data from
the whole data set were selected based on four digit
international goods nomenclature:

02 — Meat and its processed goods;

03 — Fish and its processed goods;

04 — Milk and its processed goods;

10 — Grains;

11 — Grain processed goods;

16 — Prepared foodstuffs and conserves;

44 — Forestry goods;

The mentioned groups were further processed to
fit the preliminary analysis criteria by being sorted
by a year, month, and country in one matrix. The
preliminary analysis involved the preparation of
a binary matrix, by substituting any positive trade
instance for 1 and the rest for 0. Using the formula
below, a frequency of export can be calculated:

P =Y (NI+N2+N3+ ... +Nx)/X, (1)

Frequency calculation formula

Where — P is frequency,

X —is a number of months in the observed period,

and N — is a value for every month in the matrix.
Thus, the analysis gives a string of frequencies that
describe the export frequency for any export position
of goods to a given state. For further analysis, the data
were transformed again combining all the data into 5
major groups: 02 — meat products, 03 — fish products,

04 — milk products, 10 — grains and its products and
44 — forestry products. Further some countries were
excluded (Yugoslavia and its succession states, Sudan
and ex-Dutch colonies in the Caribbean), as they were
in the periods of transition, and these might have
caused serious misinterpretations and heterogeneities
in the matrixes.

The transformed data of 5 columns were used in
calculating a function from the relative frequency that
would give an opportunity to determine whether the
H, could be dismissed. H  was formulated as follows:
export to any selected country/market at any selected
time is random in nature. For that purpose, R. Fisher
@ -function is the best (See Formula 2) (Krastin$ and
Ciemina, 2003, 161).

2r .
- T 2
0= arcsin(,/ p) @)

Fisher ¢
frequency

Then, using formula in Figure 3, t-empirical can be
calculated, and using formula in Figure 4 t-theoretical
can also be obtained:

calculation formula, where p- is

t, = lo-o) 3)
n+n,
n,xn,

T, Calculation formula

v=n+n,-2 (4)

T,., calculation formula

Formula 4 shows the calculation for the degrees
of freedom, where n_ is the number of observations
in the general set, but n, the number of observations
for one country, @, is Fisher transformation for
indicator frequency for the general set, @, is Fisher
transformation for indicator frequency in the general
for one country: V — Number of the degrees of
freedom; T- theoretical is based on the T- distribution
(T-tables) according degrees of freedom.

As a result, it is possible to obtain T, value that
can give a relative frequency from which it is possible
to speculate a possibility of export occurring in any
randomly selected month into the country under
observation. Hence, all countries can be divided
into 3 groups, after the calculation of t-statistics of
significance:

1)  Export markets—where the export occurrence
probability is statistically high —where T__ "is greater
than 2, and the average frequency of the export group
is smaller than that of the observed country;

2)  Exportmarkets—where the export occurrence
probability is statistically low - T, is greater than 2,
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and the average frequency of export group is greater
than that of the observed countries. This group also
includes all the countries with no export records;

3)  Export markets — where export has eventual
character - T, is less than 2, and H cannot be
dismissed.

Results and Discussion

The analysis shows a significant geographical
differentiation of export markets for different
commodity types and significant shifts that occurred
in these markets due to different economic or political
events, such as Latvia’s accession to the EU and the
economic recession in 2007-2009, as well as the new
economic policy following the crisis management
policies.

Analysing the mentioned groups in a successive
order, it can be noted that the first (i.c. meat and its
products) group has a relatively small geography;
it is mainly restricted to the Baltic Sea region and
encompasses mostly the immediate neighbours
and historical trade partners of Latvia such as
Germany, Poland, Denmark and the Czech Republic.
Subsequently, further markets such as Austria and
Cyprus, and even the Netherlands are also significant.
The UK and Ireland being in the range of significant
export markets can also indicate a previously noted
‘goods follow people effect’ mentioned in other studies
(Berjoza and Paiders, 2013), where it appeared as an
explanation for sustainable and constant export of
Latvian processed fish to Western European countries
with significant ex-Soviet expatriate communities.
Few significant markets at a considerable geographical
distance were also noted, for instance Panama and
Liberia. Export to these countries can be explained by

Legend: A e

I - statistically high
probability; [
- statistically low B
probability;

N - conditional probability:

the fact that many ships in Latvian ports are registered
in ‘cheap flag nations’ such as the mentioned ones,
meaning this export does not describe the trade
relations between Latvia and these countries, but
mostly order preferences of a ship crew.

Looking into detail on the data of the fish and fish
products group, a wider geography was observed. It
covered not only Europe, but also North American
and Central Asian countries, making it one of the
most geographically diverse export networks in this
study. The export markets are generally focused on
particular commodity types, for example, live and
fresh fish were majorly exported around the Baltic
Sea, predominantly to Lithuania and Estonia, while
fresh processed fish and processed red fish were
exported to Western Europe and the rest - to Eastern
Europe. Canned fish, usually sprats or mackerels,
smoked, salted and differently processed fish were the
dominating Latvian products exported to the Eastern
European and Asian countries.

In this group, the internal differentiation of the
market played a great role in distinguishing trade
flows as noted in Berjoza and Paiders (2013) work on
fisheries, but this did not give away a stable market
disposition. It should be noted that a largest volume of
export in this major group consists of such processed
fish as canned sprat, so in many aspects any volume
analysis would give the major markets a pattern
consistent wit this groups export. On the other hand,
in this study, the method of binarisation was applied,
so the total volume had no significant impact, proving
that even less significant export groups, such as fresh
fish, frozen fish, fish fillets and others, were equally
subject to a wider differentiation of export, which was
similar to that of canned fish.

Figure 1. Export markets by probability for dairy and dairy products in the observed period.
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Table 1

Cheese and cottage cheese export volumes by major export markets in the period from 2000 to 2013
(in million Euros, country names given in ISO codes)

State 00 01 02 03 04 05 07 08 09 10 11 12 13
DE 119 | 296 | 1.57 2.8 501 | 1224 | 12.82 | 153 | 19.11 7 10.53 | 9.52 | 8.62 | 12.36
DK 0.17 | 005 | 1.13 | 1.95 | 3.72 | 335 | 1.51 | 0.96 | 0.26 | 0.1 0 0.51 | 0.38 | 0.88
EE 0.54 | 0.85 1 104 | 1.18 | 1.17 | 1.06 | 2.38 | 5.01 | 3.77 | 3.26 | 433 | 4.64 | 552
Fl 0 0 0 0 0 046 | 0.79 | 2.64 | 2.48 | 0.26 | 0.02 | 0.06 | 0.01 0
GB 0.1 0.01 | 0.01 | 022 | 1.09 | 0.64 | 0.09 | 0.60 | 1.01 | 0.57 | 026 | 036 | 0.53 | 0.98
IT 0.06 0 0.03 | 023 | 059 | 7.99 | 9.10 | 4.13 | 2.44 | 2.89 5.3 457 | 1.81 1.13
LT 0.15 | 0.19 0.3 0.81 | 1.02 | 1.03 | 1.73 | 1.24 | 1.72 | 2.16 | 239 | 562 | 692 | 6.96
NL 227 | 543 | 489 | 657 | 265 | 056 | 1.80 | 1.03 | 0.76 | 0.13 | 0.43 | 2.65 | 7.42 | 594
PL 0.04 0 0 0.01 | 0.60 | 0.23 | 0.35 0.3 0.16 | 029 | 202 | 096 | 2.16 | 145
RU 0.28 | 0.054 | 0.13 | 0.10 | 055 | 1.32 | 343 | 565 | 7.53 | 472 | 13.3 | 18.04 | 15.67 | 15.24
Analyzing dairy and dairy products, it was noted can indicate wider dispersion of Latvian export

that the geography of export is extensive. Figure
1 shows a chart of the frequency analysis results,
which indicate that stable and significant markets
were concentrated in Europe. Detailed insight into
a distribution of export market shares amongst
different export positions reveal a significance of
two general groups — fresh milk and cream and
cheese and cottage cheese exports. So, it can be
noted that the extent of the geographical export
market can be determined by the ‘expiration date’
of the product, hence a relatively narrow geography
for fresh milk and cream and wider - for cheese and
cottage cheese. Similarly to the previous group, an
additional transformation of input data managed to
annul the effect of larger group shares in total volume
statistic. So, it can be stated that frequency analysis
can effectively distinguish and show stable export
markets, without a distortion caused by greater or
smaller values of total export, its general shares and
volumes of exported goods.

Another important aspect disclosed by the analysis
of the 3" group can be seen in Table 1, where export
dynamics for all significantly large export markets is
shown. It is seen that prior to 2004, the dominating
export market was the Netherlands, which imported
a large portion of Latvian cheese and cottage cheese,
but after the accession of Latvia to the EU and its
inclusion in the common European economic space,
the significance and volumes of export to Germany
and Italy grew significantly, effectively tripling in a
span of just few years. Consequently, during and after
the economic crisis of 2007-2009, it can be seen that
the export to Germany and lItaly fell dramatically,
while the export to Russia and Lithuania developed at
a steady progressive pace.

The 2012-2013 showed a new decline, which
might indicate a worsening international economic
situation, despite recovery signs in some economies.
A general trend for a recess in the major economies

amongst several significant and new markets that were
not included in this chart due to a low total volume
in the span of a decade, although, the scenario of
potential differentiation of Latvian export markets
was mentioned before (Svilans, 2008; Vasiljeva,
2007). This can ask for further research in the future
for more accurate evaluations.

Figure 2 provides an illustration of the frequency
analysis results of grain and its product exports, in
which the geographical extent is similar to that of
meat groups, but general diversity of export is similar
to that of fish and diary groups. As it can be seen, the
stable markets are once again localised in the nearest
vicinity of Latvia. Countries can be divided in two
groups: ones with a potential shortage of examined
commodities due to harsher environment (Spain,
Greece, Austria, Uzbekistan and Kazakhstan) or
extreme rates of consumption (Thailand, the USA and
Belize).

The Results of this group are also significant
because they are the best illustration of the essence of
the method used for the research. Figure 3 provides
the information on the main export markets in terms
of sheer volume for the most significant portions of
this export niche. In comparison to Figure 2, many
significant export markets of this group are not shown
as stable by the frequency analysis, thus proving the
hypothesis that there is some strong interrelation
between the frequency analysis results and the sheer
volume analysis results.

In the end, it is important to observe some export
patterns in forestry commodity export. The range
of stable markets for this group is tremendous. It
includes all major European markets, Chinese and
Japanese markets, North American markets, Central
Asian markets, even relatively exotic Egyptian and
Guinea markets. It proves that wide nomenclature of
goods with long preservation time can be exported
further and stored longer for best realisation price,
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Figure 2. Export markets by export probability for grain and its products in the observed period.
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Figure 3. Wheat and wheat-rye mixture export volumes by major export markets in the observed period.

compared to perishable goods observed in the previous
groups.

As it has been mentioned above, theoretical
studies have strong economic inclination, that is, the
main emphasis of the research is on economic impact,
the parameters relevant for the field of academic or
practical economy. Spatial information and data are
used scarcely and only as vague illustration, despite
the fact that it can be an important addition or facet, if
appropriately used, as demonstrated by this research.
Unlike economic variables, spatial ones often require
additional insight and are able to provide in-depth
information on processes and conditions, otherwise
unnoticed or unexplained by simple numbers. Despite
that this kind of data is often overlooked in research,
even when its use could greatly improve the results.

On the other hand, some researchers such as
Haibo (2004) and Kantar et al. (2011) stress that

spatial and particularly geographical information
is one of the most crucial elements in the research
of economic development and is instrumental in
assisting the evaluation of possible future prospects.
They came to these conclusions by analysing Chinese
geo-economics in one case and Turkish foreign trade
change in a period of a decade between the 20" and
the 21 centuries. Others (Hall, 2006; Herkenrath,
2007; Kaminski and Raballand, 2009; Gingrich, 2011)
also note the importance of spatial data in the research
of economics, which provides additional parameters
and explanations to some existing connections in
economic interrelations. Hence, it is important to
widen the scope of geographers’ presence in the filed
of export studies and contribute to it by providing
some geographical materials and insights into the
problems and questions posed.
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Conclusions

Export studies are internationally recognised
subject of scientific interest. It is being ascertained by
the range and the amount of papers and other works
that research these flows not only in space, but also
time. Unfortunately, in case of Latvia these studies
are largely concentrated in the field of economics
and their diversity is determined by a range of
economic theories applied to their study, not by the
prospects and possibilities of the multiple research
angles of the phenomena. That calls for wider and
deeper studies of trade flows in scientific fields other
than economy.

By analysing Latvian export markets of agriculture,
fisheries and forestry and observing the differences
between the data acquired through two different
empirical methods, it can be said that Latvian major
export area is the Baltic Sea region (including Estonia,
Lithuania, Finland, Sweden, Russia, Belarus, Poland,
Germany, and Denmark) and adjoining nations
(such as the Czech Republic, Norway, Slovakia, the
Netherlands, Austria). The USA can also be mentioned
as a stable trading partner for Latvia, but it is largely
insignificant in terms of volumes.
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Abstract

The objective of the paper research is to assess the role of the implementation of the local development strategies
(LDS) elaborated by the local action groups (LAGS) in the regional development and addressing social problems
in Latvia. The paper examines the role and place of LDS in territorial development planning in Latvia, carries out
thematic analysis of the projects implemented under the LDS as well as tries to assess the LEADER approach impact
on regional development and addressing of social issues on the local level. The authors use unpublished data on
LEADER projects and apply quantitative and qualitative analysis methods. Most of LEADER projects have been
implemented to facilitate the development of infrastructure related to recreation and quality leisure time as well as
culture and sports. Rural inhabitants have noticed positive changes in their local territory introduced by the LEADER
approach. Though, in order to enhance the role of LAGs and LDS in addressing regional development and social
problems at local level, it is advisable that the potential interaction of the activities provided by all regional planning
documents is observed when determining priorities at regional level (presently the place and role of the LDS has not
been formally defined), while implementation of the LDS should pay more attention to long-term effects and even

accomplishment of target priorities.

Key words: LEADER, local action group, local development strategy, rural development.

Introduction

Awareness of resources, opportunities and their
optimal utilisation without depletion throughout
Latvia, including rural areas, is a prerequisite for
sustainable and balanced territorial development. In
policy planning documents, rural area is defined as a
sphere of national interests with outstanding value and
significance for a sustainable development of the state,
for preserving the identity, which includes strategic
resources critical for the national development.
However, in recent years the most typical trends in
spatial development in Latvia are depopulation of
rural areas and low density of population. This reduces
the socialising opportunities as well as becomes a
reason for limited availability of services: the distance
to the places where services are provided increases,
government funding for healthcare, transportation and
education infrastructure is reduced, and rural areas are
subject to unbalanced and uneven development.

With Latvia joining the European Union (EU),
EU funds have become the most important financing
source for territorial development. Latvian Rural
Development Programme 2014-2020 stresses the
importance of the LEADER approach to address such
socio-economic problems as maintaining the rural
areas populated, improvement of living standards by
providing employment and availability of services,
and encouraging the social activity of population,
including education, culture, sports and recreation
(MoA, 2014). The idea of LEADER is to improve
living standards in the countryside, along with
economic and social improvements and preserving
the environment. It is being applied since 1991 in the
EU as an instrument for addressing rural development

problems and encouraging development on the level
of local rural communities. Contrary to other public
measures, LEADER seeks for solutions possibly close
to the local territory (bottom-up approach).

In Latvia, LEADER approach is being applied
since 2000; however, only starting from 2007 it covers
the whole country. LEADER approach is based on the
local development strategies (LDS) developed by the
local action groups (LAGS). In Latvia, under RDP
2007-2013 the LEADER approach was applied by 40
LAGs.

The objective of the paper research is to assess the
role of the implementation of the local development
strategies elaborated by the local action groups in the
regional development and addressing social problems
in Latvia. To reach the objective, the tasks have
been set: 1) to evaluate the role and place of LDS in
territorial development planning in Latvia, 2) to carry
out thematic analysis of the projects implemented
under the LDS and 3) to assess the LEADER approach
impact on regional development and addressing of
social issues on the local level.

Materials and Methods

The study analyses LEADER projects implemented
within the Latvian RDP 2007-2013 under Measure
4.1.1. “Improving Competitiveness of Local
Development Strategies in the Territory’ (data on 387
projects obtained on July 22,2014), and Measure 4.1.3.
‘Diversification of Rural Economy and Quality of Life
for the Promotion of Local Development Strategies
in the Territory’ (data on 3216 projects obtained
on January 30, 2014). The main sources of data for
the study are unpublished data of the Rural Support
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Service (RSS), territorial development planning
documents (regional development programmes, local
action group strategies etc.), research papers and
reports of institutions, LAG survey data (evaluation
of project dead-weight; survey carried out during
May-September, 2014), CSB of Latvia data etc.
Considering various impact directions of LEADER
projects, all projects were grouped in three main
thematic groups according to their purpose: rural
economy; development and growth of society; and
rural infrastructure and basic services. This grouping
allowed to analyse similar projects and to evaluate and
compare the results as well as determine the thematic
focus of the LEADER projects in Latvia. Classification
system was based on the European Commission
methodological materials for the assessment of the
impact of LEADER measure on the quality of life
(DG Agri, 2010a; DG Agri, 2010b). For this paper
part of the results of LSIAE study ‘LEADER Measure
and Measure 3.2.1 - Results and their Impact on
Business Development in Latvian Rural Area’ (with
the participation of the authors) have been used.

The suitable qualitative and quantitative research
methods have been used in the study: monographic;
analysis and synthesis, concepts of Meta - analysis;
survey; correlation, data grouping, logical constructive
analysis etc.

Results and Discussion

Many researchers welcome the LEADER
approach as a tool to deal with rural development
challenges; however, the conclusions about its
practical implications tend to be contradictory. It has
been noted that the LEADER, unlike other public
funding measures, values the role of social capital and
focuses on the enhancement and use of its potential
at the local level (Buller, 2000; Shortalls 2008),
allowing to maintain the regional diversity in the
EU - local traditions, lifestyle, cultural, historical and
natural values (Becerra and Lastra-Bravo, 2010) and
contributing to the learning of new skills, exchange
of experience and improvement in cooperation, and
reducing the indifference and passivity (Bruckmeier,
2000; Wellbrock et al., 2013). LEADER approach
contributes to the endogenous development of the
territory based on local resources and the bottom-
up approach to planning (Kis et al., 2012) as well as
contributes to the cooperation among entrepreneurs
(Ploeg, 2006).

LEADER approach is based on the local
development strategies, implemented by LAG,
intended to solve the local problems and determine
priorities for local development of the area. Some
researchers emphasize the role of LAGs by naming
them a territorial organizing force and the institution
which on the local level implements and coordinates
the rural development process (Kis et al., 2012;

Falkowski, 2013). However, in practice surveys of
rural population indicate that people are ill-informed
about the activities of LAG and are not familiar with
the LDS developed by them. Also, the European
Court of Auditors criticises the contents of the LDS
(2007-2013) - concrete and territory-specific goals are
missing in the documents, the results to be attained
have been defined incompletely. As a document,
LDS is expected to justify the existence of the LAG,
reflecting its specific contribution to addressing the
rural developmentissues, it should also offer arguments
for the role planned for he LEADER approach in
this process, yet the evaluation concludes that LDS
are rather a formality in order to make the LAG
territory eligible to public financing under LEADER
(European Court of Auditors, 2010). RDP 2007-2013
mid-term evaluation report, in its turn, criticises the
long-term impact of the activities implemented within
the LDS: in short-term certain movement is triggered
in the territory; however, these projects have no long-
term contribution to the development of the territories
(LSIAE, 2010a).

The place and role of LDS in Latvia in territorial
development planning

Within the RDP 2007-2013 public financing of
39.2 min EUR was available to the implementation
of LEADER projects through LDS. A number of
requirements have been set for the LDS development
process and contents: they should have a vision,
priorities and concrete actions towards facilitating
development of rural areas, promoting innovation,
strengthening the rural economics, providing quality
of life to rural population (MoA, 2010). The local
population and a variety of stakeholders should be
involved in the development of LDS, and at the same
time they should be coordinated with other planning
documents binding on the LAG territory.

In Latvia, a strictly regulated territorial
development planning system is in place, comprising
policies and development planning and assuring their
linking with financial planning as well as coherence
and hierarchy of the decisions made by central and
local government authorities. Given the requirements
set out for the LDS contents, it can be perceived as
a medium-term territorial development planning
document. However, this is not so from the legal
aspect, since 1) LAG, as public-private partnerships,
are not subjects of the Development Planning System
Law, 2) there is no place allotted to LDS in the Latvian
territory development planning system hierarchy, 3)
according to the Territorial Development Planning
Law the local level development planning documents
shall be drafted only by local governments. Thereby,
the LDS exist and are being implemented parallel to
other regional and local territorial planning documents,
contributing to attaining their goals (LSIAE, 2010b).
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However, neither the planning region nor the local
government development documents specify the
role of the LDS towards reaching of strategic goals,
defined either on regional or local level (though in
practice local governments take active part in the
implementation of LEADER projects).

In order to identify the contribution and coherence
of the LDS priorities and actions on the level of
planning regions, the LDS have been compared with the
priorities and actions in the development programmes
of five planning regions. The comparison reflects
how frequently the priorities and actions defined in
regional level have been mentioned in the LDS. Such
analysis enables to have a quality evaluation of the
significance of each individual action in LDS as well
as to judge on the expected implementation impact on
the regional level.

While evaluating the mutual coherence, it has been
observed that the priorities and subordinated directions
of actions in the planning regions development

documents comprise all aspects of quality of life.
Conversely, in the LDS intended actions, an emphasis
on promotion of entrepreneurship, facilitation of
employment, development of education, sports and
culture infrastructure and improvement of availability
of services dominate (see Table 1).

The Vidzeme planning region is the only region
where rural development (including development
of agricultural and non-agricultural activities,
encouraging the initiative of local population and
development of agriculture-related research and
support institutions) has been elevated to the level of
strategic priorities. Considering that the very idea of
LDS actions is addressing the problems in rural areas,
one can conclude that in the Vidzeme region LDS are
conducive to the development process selected by the
region.

As to the Latgale region LDS, the intention to
master knowledge and use it at work and in everyday
life, local government administration and company

Table 1

Comparison of the priorities in planning regions development documents with those in the LAG LDS

Priorities in regional development programme

Emphasis of regional priorities and actions in the LDS actions*

-high quality and development of human capital
-region conveniently reached

-availability of health care, social, education and culture
infrastructure and services (38;2.5)

.% -competitive economy, diversified and active -diversified activities in rural areas (31, 2.1)

5 business -enhanced urban environment quality 21, 1.4)
-high quality environment for living -intensification of entrepreneurial activity (28; 2.1)
-increase of the role and influence of the region -expanding of innovations in business (14; 0.9)
-development of infrastructure and services -development of education, culture and sports infrastructure

o |-development of economy and competitiveness, (12; 1.5)

% targeting towards knowledge-intensive economy | -intensification of entrepreneurial activity (19; 1.9)

_'§ -development of human capital and employment | -development of life-long learning (8; 1.0)

= -development of non-agricultural activities (12; 1.5)

-rural development

-development of agriculture (10; 1.2)

- to promote and diversify regional economy and
to develop production
- to enhance transport and infrastructure

- to facilitate the viability of populated areas and rural areas
(27;4.5)
- to develop an infrastructure in support to businesses, to

g possibilities in the region promote business and encourage innovations (11; 1.8)
N |- to invest in human capital and develop - to promote employment and improve the competitiveness of
v innovation CU'Fure ) ) o the labour force in the region (11; 1.8)
-to create a high quality environment for living, |- to create a favourable basis to investment and facilitate the
to preserve nature environment and enhance the | development of high value added sectors and knowledge-based
development of remote areas entrepreneurship (11, 1.8)
o |-an educated, creative and competitive individual |- development of business environment (14; 2.8)
= |- development of knowledge and economy - development of culture and sports infrastructure and
éo - quality environment for living development of services (14; 2.8)
N - development of cultural and historical heritage and
development of recreational environment (12; 2.4)
- connections -availability of services (21; 3.5);
o | -cfficient companies -increase of company productivity and export potential,
'3, | -skills development of technologies and infrastructure (14; 2.5);
5 -smart management -mastering knowledge and application at work and in everyday

life, local government administration and company management
(14; 2.5)

*the first figure in the brackets denotes the number of instances when a regional level priority action has been mentioned
in the regional LDS, while the second figure denotes how frequently on average the action has been mentioned in one LDS
Source: Riga planning region, 2011; Vidzeme Development Agency, 2007; Kurzeme planning region, 2004; Zemgale
planning region, 2008; Latgale planning region, 2010; 40 LAG local development strategies
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Latvia (average)

31.3 EUR per capita

5.7 EUR per capita in Rural economy Projects

13.3 EUR per capita in Development and growth of society Projects
12.4 EUR per capita in Rural infrastructure and basic services Projects

42%
— ~18%
[ 44%

14%

Kurzeme
32.6 EUR per capita

Zemgale
37.0 EUR per capita

Rural infrastructure
and basic services

... EUR per capita = approved public funding (EUR per capita in LAG teritories)
for RDP 2007-2013 LEADER Projects

Rural economy

: Development and growth of society

[ 4%

6%

Vidzeme
32.4 EUR per capita

[ 39%
25%

. Latgale
30.1 EUR per capita

Figure 1. The structure of approved LEADER public financing in the breakdown
by thematic groups in the regions of Latvia.

Source: compiled by the authors based on the RDS project database and OCMA.

management, has been mentioned more frequently than in
the LDS of other regions, possibly suggesting that this
issue is more topical in the Latgale region compared
to other regions.

Thematic scope of the LEADER projects

A summary on the projects implemented in Latvia
under LEADER approach shows that the largest
number of implemented projects, both in terms of
quantity and approved public financing, are towards
development and growth of society. In the regional
breakdown, approved financing is rather evenly
dispersed, except for project financing prevalence in
Pieriga and a notably smaller share for Latgale (see
Figure 1). According to the classification developed
in the study, the projects directed towards the
development of an individual’s mental and physical
capacities fall under projects development and growth
of society, which includes also the development of the
necessary infrastructure and facilities. In territorial
development planning documents, the development of
human resources and knowledge-based development
is a target priority on the state, regional and also
local level; therefore, the LEADER approach is a
contribution towards bringing this priority to life.

In total, for the project group development and
growth of society public financing in the amount
of 12.9 min EUR has been approved (see Table 2).
Most of projects, both in terms of quantity and
financing, are directed towards enhancing human
capital by widening the possibilities to spend leisure

time meaningfully and productively (investment in
activity centres and sports infrastructure and purchase
of equipment) - sub-group development of society.
Some other projects in this sub-group promote hobby
activities (hunting, equestrian sports), education/
training and information dissemination as well as
strengthen capacities of associations and societies.
More than 2.5 min EUR from the approved public
financing have been channelled towards support
to amateur performance-related projects. National
costumes and stage costumes have been purchased
(74% of the financing for the sub-group) as well as
musical instruments (17%), and premises have been
equipped to enable quality amateur performance
activities.

Rural infrastructure and basic services is the
second important thematic group of LEADER
projects, covering projects towards improvement
of living standards of population and enhancing the
attractiveness of the environment. In the breakdown
by region (see Figure 1), the public financing for the
approved projects in the group rural infrastructure
and basic services indicates that in the Latgale
region this issue is more topical, while in Pieriga
it is comparatively lower. Compared to other
thematic groups, these projects are more capital-
intensive in terms of public financing investment per
project (9.9 EUR). The largest number of projects
approved under LEADER RDP 2007-2013 rural
infrastructure and basic services group are towards
enhancement of recreational environment — in the
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Table 2

RDP 2007-2013 LEADER project investment and result indicators by main directions

. Approved projects Approved tof[al public Average publ.fin. per
Thematic group/subgroup financing .
number | % | thsd EUR | % project, thsd EUR
Development and growth of society 1,577 100 12,942 100 8.2
development of society 1,184 75 10,402 80 8.8
amateur performances 393 25 2,540 20 6.5
Rural infrastructure and basic services 1,225 100 12,102 100 9.9
rural infrastructure 345 28 3,257 27 9.4
healthcare and social services 253 21 2,414 20 9.5
recreational environment 427 35 4,474 37 105
cultural and historical heritage 200 16 1,956 16 9.8
Rural economy 801 100 5,464 100 6.8
entrepreneurship 591 74 3,422 63 5.8
social entrepreneurship 27 3 227 4 8.4
support to entrepreneurship 183 23 1,815 33 9.9
Total 3,603 30,508 8.5

Source: compiled by the authors based on the RDS project database.

sub-group recreational environment (see Table 2),
including more than 140 projects related to setting
up playgrounds for children (outside pre-school
educational establishments); for this purpose total
financing in the country exceeds 1.2 mln EUR (29%
of total financing for the sub-group). Other popular
projects include establishing of recreation places
(29%), places for activities and sports (20%), also
projects related to improvement of open-air stages
(9%), nature trails (7%) and swimming places (4%).
Considering the fact that well-maintained recreational
environment as well as investment in preservation of
cultural heritage (200 projects have been approved
with total financing EUR 1.96 mln) has an important
role for development of tourism, a function of indirect
promotion of entrepreneurship can be attributed to
these projects.

In the sub-group rural infrastructure majority
of projects (99 or 29%) are related to purchase of
sound and light equipment for stages, which is to
some extent innovative, because it allows organising
cultural events and enjoying them in a new quality.
Investments in improvements to community halls
and centres is the second most popular in the sub-
group rural infrastructure (26% of approved projects
in terms of quantity and 28% of public financing).
Also, investment was made to improve the
availability of utility services and transport
infrastructure (streets, pavements, bicycle lanes).
In healthcare and social services sub-group, 2.4
min EUR of public financing has been approved,
including 76% for improvement of social services
(social support, care/support/social centres) and 13%
for improvement of rehabilitation services and 6% for
health care services.

The share of approved rural economy projects
and public financing is about one fifth of the total
number of approved projects and financing in
Latvia. These include projects which are directly
related to entrepreneurship, development of business
infrastructure, availability of consultations and
training helpful to businesses. Though promoting
economic activities is often not a priority goal of the
LEADER approach, it is an important aspect in Latvia,
because the availability of jobs and a possibility to earn
income is directly related to addressing the population
and sustainability problems of rural areas (Krievina
et al., 2012). Most of rural economy proj