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AssTrRACT: The paper deals with the spatial diversification of energy crops and their concentration in the Polish agri-
culture. The analysis of changes in territorial patterns regarding those plantations involves natural factors, effects of
urbanisation, and the level of absorption of European Union funds. The concentration of plantations is presented by
means of local spatial correlations of energy crops; for the purposes of this research, local Moran’s statistic (Ii) has also

been employed.
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Introduction

A growing cost of energy is one of the factors
which may influence the direction of agricultural
development in the future. The process is relat-
ed to the growing costs of the extraction of ener-
gy-rich resources, which leads to a rise in the cost
of food production. In order to reduce the costs
of raw materials, the area of energy-crop plan-
tations is likely to expand; thus, the role of agri-
culture in the production of energy from renew-
able resources will become more appreciable.
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Polish agriculture is considered in the EU to be
among those with the highest potential for bio-
mass production for energy purposes. By 2030,
energy crops are expected to reach 25 million ha
in the EU (Wiesenthal et al. 2006). The document
Energy policy of Poland until 2025 assumes that the
use of biomass will still be the basic form of de-
velopment of renewable energy production. In
accordance with the Regulation of the Minister of
Economy and Labour the amount of agricultural
biomass was to have reached 5.4% of the total bi-
omass used for energy purposes in 2008 and was

© 2017 Author(s)
This is an open access article distributed under

the Creative Commons Attribution-NonCommercial-NoDerivs license

doi: 10.1515/ quageo-2017-0014
ISSN 0137-477X

goicio



50 ANNA KOLODZIEJCZAK, ROMAN RUDNICKI

to be larger by 10% year to year (Journal of Laws,
2004, No. 267, item 2656). Agriculture must rec-
oncile food and fodder production, which should
take place on the best soils, with the production
of crops for energy provision, which is perforce
on soils of limited agrarian use. The European
and Polish economic policies presume that in a
few years to come the area of energy-crop planta-
tions will grow, which will be necessary to meet
the targets for renewable energy production.
An increase in their area may, but not necessar-
ily, affect ecosystems adversely. Therefore, it is
highly essential to diversify energy crops. Their
plantations should be located in the vicinity of
processing plants in order to reduce costs of bi-
omass transportation. This may lead to a locally
increased share of energy crops in the plantation
structure, which will make energy crops a new
- and more and more significant - element of ag-
ricultural production. Farmers make decisions
about production taking into account a range
of conditions related to the climate, soil quality,
structure of agricultural holdings, a production
strategy, production profitability, and subsidies.

The involvement of agricultural resources in
renewable energy production agrees with the
concept of the multifunctional development of
rural areas discussed in the 2009 governmental
document Rural development outline (Polish: Zarys
kierunkow rozwoju obszaréw wiejskich). It assumes
that in the case of agriculture production does
not merely involve food. Growth directions for
rural areas include also their use for biomass pro-
duction, which should positively affect the level
of agricultural diversification.

Like other countries under the Single Area
Payment Scheme, Poland was embraced by the
European aid programme for energy crops plant-
ed for renewable energy and biofuel. The pay-
ments started in 2005 with 213.40 zlotys per ha
(only for osier and Japanese rose); the subsequent
years saw, on the one hand, the list of subsidised
species extended (e.g. rye, rapeseed, sugar beet-
roots) and, on the other hand, a decrease in the
amount of subsidies (e.g. 190.33 zlotys per ha in
2009). Due to amended EU regulations, the pay-
ments ceased in 2010; in all, 2.6 thous. Polish agri-
cultural holdings received financial aid for ener-
gy crops to the total amount of 30.1 million zlotys
(Rudnicki 2014a).

The document Presidency conclusions of the
European Council held in Brussels on 8-9 March
2007 includes targets for a reduction of green-
house gases by 2020 (by 20% as compared with
the 1990 level), discusses the necessity for lim-
iting energy consumption by 20% (against fore-
casts for 2020), and defines the share of renewa-
ble energy (20%) in total energy consumption in
Europe. This marked the start of the withdrawal
of subsidies for energy-crop plantations. A new
directive on the promotion of renewable energy
sources came into effect in 2009, which imposed
‘environmental sustainability criteria” for bio-
fuels and biomass and, thus, limited the chanc-
es of their further development (Directive of the
European Parliament 2009).

In consequence of those formal and legal
changes, since 2010 energy crops in Poland have
been excluded from the Single Area Payment
Scheme, and the European financial aid for those
plantations constitutes only a supplementary al-
lowance dependent on the area covered by the
Scheme. This kind of support was available to
farmers who grew energy crops and had already
signed contracts for the supply of energy sourc-
es, or who used and processed plants for ener-
gy purposes on their agricultural holdings. The
assumption was that the policy promoting the
development of green energy should, to a larg-
er extent, account for regional - or even local -
conditions and needs. The cultivation of energy
crops used as energy sources is, in fact, depend-
ent on both natural factors and organisational ar-
rangements, as farmers who grow these energy
sources must meet the sustainable growth crite-
ria (since 2010). A major limitation is a set of eco-
nomic factors, because the production must be
located, first and foremost, on poorer soils which
give a smaller harvest and, as a result, raise the
costs of production.

The aim of this paper is to present a geograph-
ical and agricultural study of the diversification
of energy crops, those crops being a new element
in the spatial structure of Polish agriculture. The
basis of the analysis was the territorial pattern
of the share of energy crops in the total area of
agricultural holdings and their territorial concen-
tration, i.e. local spatial correlations in Poland in
the years 2007-2010, established by means of the
local indicators of spatial association (LISA).
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Materials and methods

The first estimates of the area of energy-crop
plantations in Poland employed in this research
come from 2007, giving a total of 180 thous. ha,
including as many as 173 thous. ha occupied by
traditional crops (cereals, rapeseed) used for en-
ergy purposes (Celiniska 2009). According to the
2010 Agricultural Census, one of the information
sources used in this study, this area amounts to
154 thous. ha.

Poviats, i.e. 314 poviat offices of the Agency for
Restructuring and Modernisation of Agriculture,
which is the paying agent of European aid for
Polish farmers, became the basic units in the anal-
ysis (for the characteristics of the organisation-
al structure of the Agency with its division into
regional and poviat branch offices, see Rudnicki
2009: 6-8).

In order to arrive at a more profound as-
sessment of the spatial diversification of ener-
gy crops, the analysis involved three kinds of
determinants:

- natural factors, defined on the basis of the in-
dex of quality of the agricultural production
area established by the Institute of Soil Science
and Plant Cultivation in Putawy and taking
into account the application criteria for the
2007-2013 Rural Development Programme -
Aid to Farmers in Less Favoured Areas (LFA);
the following categorisation applied: below 52
points - areas with unfavourable conditions;
52-72 points - areas with moderate condi-
tions; and above 72 points (which precluded
subsidies for LFA) - areas with favourable
conditions;

- urbanisation, defined on the basis of a simpli-
fied division of poviats into poorly urbanised
(country districts including small towns and
rural areas) and highly urbanised (townships
including large towns and cities only); and

- the amount of European subsidies, defined
on the basis of data from the Agency for
Restructuring and Modernisation of Agri-
culture and of the calculation of the total
amount of subsidies received by agricultural
holdings within the framework of the Com-
mon Agricultural Policy (90.5 billion zlotys in
2002-2010; cf. Rudnicki 2014 a, b) per 1 ha of
agricultural land with good agricultural con-
ditions; then the results were standardised

(Racine, Raymond 1977), i.e. presented in the
form of a composite index showing poor (be-
low 0.50 6), moderate (+/- 0.50 6) and high
absorption of the CAP funds (above 0.50 d),
according to the following formula (Runge
2007):

where:

W, - the composite index,

p - number of characteristics j - 1,2,...,p,

y, - standardised value of the j* characteristic of
the i*h-area.

The study of the local correlations between
the analysed variables was carried out using a
correlation indicator which accounts for the spa-
tial location of the units, i.e. spatial autocorre-
lation. Spatial correlation is connected with the
presence of spatial associations (Anselin 1988),
which are defined as an influence of a process
or a phenomenon at one point/ several points
in a particular area on the course of that process
or phenomenon at another point. According to
Tobler’s First Law of Geography (1970), such an
influence wanes proportionally to the increase in
the distance between points. The result of spatial
associations is the correlation between the values
of one variable measured at different points. As
Bivand (1980) demonstrates, autocorrelation ap-
plies when the occurrence of one phenomenon
in a particular spatial unit causes an increase or
a decrease in the likelihood of the occurrence
of that phenomenon in the neighbouring units.
Spatial autocorrelation defines the association
level for a particular spatial unit with the value of
the same variable in another unit (location). For
the establishment of local spatial associations re-
lated to a particular phenomenon, global (I) and
local Moran’s statistics ([i) were used. The de-
scription and use of those statistical methods can
be found, for example, in Cliff and Ord (1973),
Anselin (1995), or Kossowski and Perdat (2014).

Global Moran'’s statistic (I) is for the definition
of the general similarity of spatial units in terms
of a given phenomenon. Positive and significant
values achieved here mean that spatial autocor-
relation occurs, i.e. the units studied are similar
to each other within a particular distance. On the
other hand, negative values indicate the absence
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of spatial correlation and show that the units are
different from each other. However, to identify the
departures from the global pattern of spatial cor-
relation, local Moran'’s statistic should be applied.
Here the calculations are made for every spatial
unit, making it possible to determine how proba-
ble the similarity of a region to the neighbouring
regions is and to check if a region is surrounded
by regions characterised by high or low values of a
given variable. The use of the local statistics helps
to discover local spatial correlations. The analy-
sis of local spatial correlations was conducted by
means of one of the LISA methods worked out
by Anselin (1995), viz. local Moran’s statistic (Ii),
which is suitable to check if a given spatial unit
is in the neighbourhood of units with similar or
different values of the variable under study. Local
Moran’s statistic (Ii) has the following formula:

<0.5% 1.0% 1.5% 2% <

1 notoccur

where:

w, _elements of the weight matrix (W);

Z, 2;- departures from the average, i.e. elements
of the previously described z vector.

Local Moran’s statistic has a more or less nor-
mal layout. The units with statistically significant
Ii values are used to find agglomeration effects in
the form of clusters with low or high values of a
given variable. There are two kinds of clusters:
high-high (HH) - clusters of units with high val-
ues of a variable surrounded by units with high
values of that variable, and low-low (LL) - clus-
ters of units with its low values surrounded by
similar units. There are also two kinds of clusters
characterised by departures from the standard:
low-high (LH) and high-low (HL). The final re-
sult of a LISA analysis is a set of maps of typical
and non-standard clusters.

The analysis of local spatial correlations was
conducted for poviats and covered the period of
2007-2010. A detailed characterisation of spatial

0 50 100 km
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Fig. 1. Share of energy-crop plantations in the total area of agricultural holdings in poviats in Poland in 2010.
Source: own study on the basis of the 2010 Agricultural Census.
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structures and correlations was performed by
means of the LISA method, which used the
weight for five nearest neighbours. The intensi-
ty/ volume ratio was measured on the basis of
the area of energy crops. The calculations were
made using the GeoDa computer programme.

Results and discussion

Energy crops have different concentrations
in particular Polish regions. In 2010 the number
of agricultural holdings growing energy crops
amounted to 92 thous., or 4.1% of their total
number (from 1.8% in Lower Silesia to 6.4% in

Subcarpathia). Energy crops were cultivated on

154 thous. ha, which included:

- 17.1 thous. ha of arable land, with 14.6 thous.
ha occupied by annual plantations (domina-
tion of rapeseed and agrimony - 37%) and
2.5 thous. ha taken by perennial plantations
(domination of elephant grass - 78%); and

- 135.3 thous. ha of fast-growing tree and bush
plantations in forests and woodland (domina-
tion of osier - 70%).

On average, energy-crop plantations in Poland
amounted to 0.85% of the total area of agricultur-
al holdings, from 0.35% in Podlasie to 2.63% in
Kujavia-Pomerania (the spatial distribution with
a breakdown into poviats is presented in Fig. 1).

Table 1. Energy crops on Polish agricultural holdings in 2010 - selected parameters.

Energy crops - total ; Including area of energy-crop
Area Iiarlbrer of ygaal ] plantations on arable land
Regions holdings
thous. (ha) % of total area thous. % of total num- | % of energy-crop | % of total area
of farms ber of farms acreage of plantations
Lower Silesia 6.0 0.53 1.9 1.8 43.1 0.36
Kujavia-Pomerania 33.0 2.63 3.8 43 0.3 0.01
Lublin 9.1 0.55 10.1 3.9 5.8 0.05
Lubuska Land 10.7 2.04 1.2 2.7 11.1 0.41
Lodz 6.8 0.58 6.9 4.1 34 0.03
Matopolska 6.8 0.81 11.0 3.9 1.9 0.04
Mazovia 19.3 0.85 129 47 11.6 0.19
Opole 2.7 0.49 1.3 2.8 411 0.24
Subcarpathia 13.8 1.62 17.0 6.5 47 0.21
Podlasie 4.5 0.35 2.6 2.5 04 0.00
Pomerania 4.6 0.48 1.6 2.7 3.7 0.03
Silesia 4.5 0.86 5.5 3.6 12.9 0.22
Swietokrzyska Land 6.0 0.90 7.9 5.5 3.2 0.06
Warmia-Mazuria 9.6 0.75 3.3 49 12.9 0.20
Wielkopolska 10.1 0.52 4.9 3.0 25.8 0.18
West Pomerania 6.5 0.58 1.2 2.4 54.6 0.52
Poland 154.1 0.85 92.8 41 11.1 0.16
Including determinants:
Natural factors 1 12.0 0.80 8.4 4.0 1.1 0.02
2 1129 0.95 56.8 4.1 10.0 0.17
3 29.2 0.63 27.6 4.1 19.5 0.18
Urbanisation 1 150.9 0.86 91.4 41 10.3 0.15
2 3.2 0.67 14 1.9 49.7 1.33
CAP aid 1 24.0 0.99 30.7 4.5 10.7 0.23
2 57.1 0.65 43.1 3.9 16.7 0.19
3 73.0 1.06 19.0 3.8 6.9 0.12

Natural factors: 1 - areas with unfavourable conditions; 2 - areas with moderate conditions; 3 - areas with favourable
conditions; Urbanisation: 1 - poorly urbanised areas; 2 - moderately urbanised areas; CAP aid: 1 - low level; 2 -
moderate level; 3 - high level.

Source: own study on the basis of Central Statistical Office data - results of the 2010 Agricultural Census, and the
2004-2010 data of the Agency for Restructuring and Modernisation of Agriculture.
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The energy crops cultivated on arable land consti-
tuted 11.1% of all energy-crop plantations (from
under 1% in Kujavia-Pomerania and Podlasie to
almost 55% in West Pomerania), and their share
in the total area of all plantations equalled 0.16%
(the lowest share being in Podlasie and the high-
est - 0.52% - in West Pomerania; cf. Table 1).

The analysis showed that the spatial diversi-
fication of energy crops was determined by nat-
ural conditions (mostly the quality of farmland)
and man-made conditions related to urbanisa-
tion and the absorption of EU funds.

The influence of the natural environment is
demonstrated by differences between areas with
unfavourable and favourable natural conditions
in terms of the share of energy crops in the total
area of agricultural holdings (0.8% and 0.63%, re-
spectively) and, essentially, the share of energy
crops cultivated on arable land (1.1% and 19.5%,
respectively) as well as their share in the total area

Clusters with values
|:| insignificant
I hioh - high
- low - low
[ 1ow - high
B high - low

of agricultural acreage (0.02% and 0.18%, respec-
tively). It turned out that despite the recommend-
ed cultivation of energy crops in areas with unfa-
vourable natural conditions, in the case of arable
land their relatively higher rank applies to those
poviats which fall into the category of areas with
favourable conditions. It refers to large areas of
plantations growing corn and rapeseed for energy
purposes (9.9 thous. ha in total), mostly in areas
with moderate and favourable natural conditions.

The spatial pattern of energy-crop plantations
was also formed out of urbanisation processes.
This fact is corroborated particularly by a large
share of energy-crop plantations in towns, both
in terms of the total area of the crops (49.7%) and
the total area of plantations (1.33%).

The research demonstrated that the share of
energy-crop plantations in the total area of agri-
cultural holdings is the largest in poviats with a
high level of absorption of CAP funds (1.06%);

0 50 100 km
I —

Fig. 2. Spatial correlations (LISA) in the volume of energy crops cultivated on arable land in Poland in 2010.
Source: own compilation.
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however, when it comes to arable land, the share
of energy-crop plantations in the total area of
plantations is markedly smaller - 0.12% (cf. Table
1; 0.23% - poviats with a low absorption of CAP
funds).

At this point it should be stressed that energy
crops constitute a new element in the production
structure of Polish agriculture developing since
2005 - the year when those crops were included
in the Single Area Payment Scheme. Their spatial
distribution, in spite of the patterns mentioned
above, has not formed fully yet; it resembles a
mosaic, and even poviats with similar conditions
often differ considerably in terms of the param-
eters analysed, e.g. % of the total area of farms.

The largest share of the studied plantations
in the total area of energy-crop plantations was
noted in the western part of the country: West
Pomerania, Wielkopolska, Lower Silesia and
Opole voivodeship. The local indicator of spa-
tial association for the area of energy-crop plan-
tations on arable land was statistically signif-
icant, at a = 0.05. and amounted to 0.0765. The
concentration of energy-crop plantations in 2010
is characterised by one outstanding HH clus-
ter in northern Poland, on the border of West
Pomerania and Lubuska Land. Such a high spa-
tial correlation resulted from similar conditions
in those areas, i.e. a large area of corn and rape-
seed plantations and a high absorption level of
CAP funds for energy sources. Smaller clusters
occurred in Wielkopolska, Lower Silesia and the
southern part of Lubuska Land (Fig. 2). Those
clusters show a relatively moderate spatial co-
hesion. LL clusters are more prominent across
the country and are more spatially cohesive than
HH ones. The largest LL cluster was found in
north-east Poland, corroborating the spatial cor-
relation between a small share of energy-crop
plantations in the total area of plantations. Such
clusters, despite their poor spatial concentra-
tion, occur in Mazovia, while smaller ones can
be found in Malopolska, Silesia, Lower Silesia
and Wielkopolska. Additionally, the structure of
those clusters includes so-called ‘outliers’. They
were noted in the Swietokrzyska Land clusters
where the volume of energy crops was signifi-
cantly higher than in the neighbouring units; as
a result, they form HL outliers. The contrasting
phenomenon was discovered in Mazovia, with
LH outliers.

Even though energy crops were cultivated in
Kujavia-Pomerania, £6dz and Lublin voivode-
ships, the poviats located there did not show any
spatial correlations, i.e. there was no similarity
between adjacent units.

Conclusions

Polish agriculture enters a new phase of devel-
opment where the production of energy sources
is as important as that of food. It will be essential
to maintain the right proportions between crops
dedicated for those two purposes, and in compli-
ance with sustainable development principles in
farming.

Subsidies to energy crops for farmers caused
a reduction in the area of land set aside and fal-
low land, and in consequence protected many
areas from the loss of their agrarian nature. The
payments which were in effect until 2010 con-
tributed to the enlargement in the area of ener-
gy-crop plantations (154 thous. ha), but farmers
were not enthusiastic about developing this kind
of production. However, the Polish commitment
towards an increased biomass volume used for
energy purposes requires an individual pro-
gramme for the development of energy crops
and the optimisation of their spatial distribution.
This was demonstrated by an analysis of the
share of energy crops in the total area of arable
land, conducted by means of the local indicators
of spatial association. The said method made it
possible to distinguish areas (clusters) of poviats
characterised by similar volumes of energy crops
and pointed to the influence of neighbouring ar-
eas and to spatial correlations occurring between
adjacent poviats. This research method facilitat-
ed an approach to the discussed problem from
the perspective of a spatial analysis and was an
invaluable addition to the study and corrobora-
tion of the results acquired by means of other sta-
tistical methods.

On the basis of forecasts of the consumption
of renewable energy in the future, it can be pre-
dicted that the cultivation of energy crops will
become a source of income for many people. It
opens prospects for farmers whose unprofitable
traditional crops force them to seek new sources
of income.
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