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Abstract

An important element in the local shaping of a low-carbon economy, as well as one of the key areas of ac-
tivity in communal plans for its development should be rural areas and their related agricultural activities.
This is due on the one hand to the significant share of agriculture in total greenhouse gas (GHG) emissions
in Poland (on average about 8%, locally as much as 20-50%), and on the other hand to the high potential of ru-
ral areas to use their resources to increase carbon sequestration in biomass and soil, reduce GHG emissions,
as well as use agricultural activity for the development of renewable energy. The paper, based on the results
of mathematical modelling of GHG emission from agricultural sources in all Polish communes, attempts to re-
gionalize the needs of integrating agriculture and rural areas into the development of low-carbon economy
at the local level. For this purpose, the guiding factors for regionalisation of the needs for mitigation actions
were determined, and a regionalisation of these needs as well as a typology of the distinguished regions were,
consequently, developed. The regions with the most urgent needs for mitigation actions were indicated, as well
as the directions of mitigation actions for particular types of regions.
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Introduction

Agriculture has been identified as one of the
main contributors to atmospheric green-
house gases (GHGs) on a global scale with
about 14% of global GHG emissions com-
ing from this sector (IPCC 2013). Accord-
ing to Richards, Wollenberg, Buglion-Gluck,
(2015), agriculture contributes an average

of 30% of countries’ total GHG emissions.
This is higher than the IPCC global estimate
of agriculture’s contribution to emissions
because of the large number of countries
where agricultural emissions are low but
relatively important in national greenhouse
gas budgets. According to these authors,
in 42 countries, agriculture contributes more
than half of GHG emissions. In 91 countries
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agriculture contributes 220% of greenhouse
gas emissions. According to the data pre-
sented in the Poland’s National Inventory
Report 2019 (KOBiZE 2019), the total share
of GHG emissions from agriculture in Poland
is 7.7%. It is slightly lower than in many other
European countries (in the EU, an average
of 10.1% of greenhouse gases come from
agricultural sources), which results from
the fact that the Polish economy is based
on coal and the role of energy industries
in total emissions. It should be stressed,
however, that agriculture in Poland is the
source of 29.3% of national methane emis-
sions and 78.6% of nitrous oxide emissions
(KOBIZE 2019). According to the authors ear-
lier research on the assessment of GHG emis-
sions from agriculture at local level in Poland
(Wisniewski, 2018; Wisniewski & Kistowski,
2018, 2019), the share of this sector in total
GHG emissions is on average 8.9%, howev-
er, in some Polish communes amounts to as
much 20-50%. There is, therefore, an urgent
need to draw attention to the role and impor-
tance of agriculture and rural areas in the
development of low carbon economy at the
local level, and to identify activities in these
areas, aiming at reduction of greenhouse
gas emissions and improvement of the ability
to absorb CO,, which can be broadly applied
in the planning of low carbon development
of communes.

Based on the results of mathematical
modelling of GHG emissions from agricultur-
al sources carried out earlier by the authors
in all Polish communes and its presentation
using GIS (Wisniewski & Kistowski, 2019),
this paper attempts to regionalize the needs
of including agriculture and rural areas
in the development of low-carbon economy
at the local level. For this purpose, the guid-
ing factors for the regionalisation of the
needs of mitigation measures were deter-
mined, and a regionalisation of these needs
as well as a typology of the distinguished
regions were developed. The regions with
the most urgent needs for mitigation actions
were identified and best practice models
were developed.
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Data and methods

In order to assess the volume of GHG emis-
sions from agricultural sources, conducted
for all communes in Poland, a simplified
methodology was used, widely described
in earlier works of the authors (Wisniewski
& Kistowski, 2018, 2019) and implemented
in the Pilot programme of low carbon devel-
opment of Starogard county in Pomeranian
Voivodeship (Instytut na rzecz Ekorozwoju,
2015). The proposed solution is in line with
the methodology and standard indicators
of the Intergovernmental Panel on Climate
Change (IPCC 2000, 2006), and in order
to obtain more accurate emissions data,
the method takes into account the elements
of national methodology and emission fac-
tors developed by the National Centre for
Emission Management (KOBIZE) for the pur-
poses of preparing annual inventory reports.
In order to estimate carbon footprint from
agriculture in the Polish communes, the three
main sources of GHG emissions from this sec-
tor in Poland were taken into account. These
include: enteric fermentation of livestock (the
main source of methane emissions), animal
faeces (a source of methane and nitrous oxide
emissions) and management of agricultural
soils (a source of emissions of nitrous oxide).
The burning of plant residues was also includ-
ed (a source of methane and nitrous oxide
emissions), although its share of GHG emis-
sions is significantly lower. In order to esti-
mate emissions from agricultural sources, the
results of the National Agricultural Censuses
(NAC) were used. These data are available
from the Local Data Bank of the Central Sta-
tistical Office (LDB CSO) for 2010 and were
used with regard to livestock (with distinction
for dairy cows, other cattle, horses, pigs and
poultry). In estimating CH, and N,O emis-
sions from enteric fermentation and livestock
manure, the burning of plant residues and use
of agricultural soils, the latest indicators were
applied, as specified in the national inven-
tory report (KOBIZE, 2019) as well as default
indicators recommended by the IPCC (2006).
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Updated default indicators, compliant with
the guidelines of IPCC (2006) have also been
used in case of: nitrous oxide emissions in the
estimation of emissions from mineral fertiliz-
ers as well as in the calculation of nitrogen
mass introduced into the soil as a result
of biological binding by Fabaceae plants and
plant residues, share of nitrogen in faeces left
by grazing animals on soils, and N,O emis-
sions from nitrogen leaching from the soil.
In order to harmonize the results and con-
duct comparative analyses, GHG emissions
from the various types of agricultural activ-
ity, expressed in carbon dioxide equivalent
(CO,eq) and assuming the global warming
potential (GWP) the IPCC Fifth Assessment
Report (IPCC, 2013), were estimated.

The first stage of the works involved con-
ducting a typology of communes due to the
total GHG emissions from the four source
groups mentioned above. The typology was
carried out using the Statistica software,
employing the k-means method. Initially,
the number of types was adopted based
on a dendrogram generated by Ward’s
method. K-means and Ward’s methods have,
previously, been widely used for many years
to cluster analysis, such as, in agricultural
economics, analysis of socio-economic phe-
nomena (including the functional structure
of communes) and regional studies (Gaczek,
Helpa, & Kasprzyk, 1980; Rutkowski, 1982;
Ossowska, 2006; Kisielinska, 2009; Szczu-
cinski, 2017), thus, the decision for their use
in this paper. The statistical influence of par-
ticular emission sources on the typology
results was diversified and resulted from their
share in the total emission from agriculture
in Polish communes. In the case of enteric
fermentation, it amounted to 41.24%, the use
of agricultural soils 40.08%, animal faeces
18.65%, and combustion of plant residues
to only 0.02%.

In order to delimit regions featuring
maximum similarity of the types of com-
munes belonging to them and separated
due to the size of GHG emission from agri-
culture, an analysis of spatial distribution
of these types was conducted. During the

delimitation process, it was assumed that
the region should consist of at least 4 com-
munes. Exceptions to this rule apply only
to border regions that may continue beyond
the borders of Poland and the Wierzchowo
commune, which is unique in comparison
to other communes, where GHG emission
is generated many times higher than its value
in each of the remaining communes, amount-
ing to 0.85% of the national emission. Only
Wierzchowo constitutes a region consisting
of one commune. Delimitation of regions was
carried out using induction methods com-
monly used for regionalisation (Richling 1976;
Przewozniak 1987; Kistowski, Myga-Pigtek,
& Solon, 2018), assuming that the similar-
ity of types of communes included in their
composition is maximally high and also maxi-
mally different from the types of communes
adjacent to the region. There are situations
where the composition of regions (especially
their central parts, not adjacent to borders)
includes communes of significantly different
types than those dominated by them, howev-
er, they are less than 4 in number and do not
qualify for a separate region.

When attempting to identify regions
with the highest priority for action in terms
of reducing GHG emissions, it was assumed
that regions with emissions exceeding 1 mil-
lion Mg CO,eq (carbon dioxide equivalent)
annually have the highest priority for action,
and regions with emissions between 0.5 and
1 million Mg CO,eq - a high priority. It was
also assumed that the priority of mitigation
measures results from the emission indica-
tors per capita or area. The highest prior-
ity for action was given to regions where
annual emissions exceed 4 Mg CO,eq
per capita or 250 Mg CO,eq per km?, and
the high priority to regions where emis-
sions exceed 2-4 Mg CO.,eq per capita
or 150-250 Mg CO,eq per km’.

In order to determine the share of the
main groups of GHG emission sources in the
regions and to indicate the regularity in this
respect, which formed the basis for the pro-
posal of the groups of measures recommend-
ed for use in order to reduce GHG emission,
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a typology of regions was conducted due
to the structure of emissions. It included the
following stages:

1. Calculation of the percentage share
of GHG emissions from particular source
groups. Emissions from combustion of plant
residues were negligible and maximally
amounted to about 0.1% of total emissions
in the region, therefore, they were further
omitted.

2 Dividing the share of emission (0-100%)
into ranges and assigning to these ranges
ordinal numbers ranging from 7 being the
highest share to O the lowest, which were
then used in the typology:

« > 75% (over 3/4) - very high share (7)

« 75-66.67% (3/4-2/3) - high share (6)

+ 66.66-50.01% (2/3-1/2) - significant share (5)
« 50-33.34% (1/2-1/3) - medium share (4)

« 33.33-20.01% (1/3-1/5) - mediocre share (3)
« 20-10.01% (1/5-1/10) - low share (2)

« 10-1% (1/10-1/100) - very low share (1)

« < 1% (below 1/100) - negligible share (0).

3. The allocation of figures (in brackets)
corresponding to the share of emissions from
the use of agricultural soils, enteric fermen-
tation and animal excreta to regions (e.g.
442 denotes medium share of emissions from
both soil use and enteric fermentation and
a low share from animal excreta).

4. Obtaining  several 20  three-digit
sequences denoting the share of emissions
from particular groups, on the basis of which,
after analysing their similarity, 12 sequences
characterising the types of regions were iden-
tified. The combination of 12 sequences was
aimed at improving the readability of the
final typology. Grouping different sequences
into one type of region, it was assumed that
only two sequences can belong to one type,
and the assessment value from individual
emission sources of the rarer sequence may
differ by a maximum of 1 point in relation
to the assessment of the dominant sequence
in the type.

The last stage of the work was to assign
appropriate directions of mitigation actions
to the designated types of regions. Three lev-
els of urgency were determined: very urgent,
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urgent and average urgent. Differentiating
them according to the structure and size
of GHG emissions into individual sources will
increase the effectiveness of local low-carbon
policies and optimise the costs of reducing
emissions.

Results and discussion

The cut-off level of the dendrogram, prepared
for cluster analysis, indicated that it was
advisable to adopt 9 types of communes
owing to the amount of absolute emissions
from agricultural sources. Assuming that the
impact of the emission of each of the four
considered groups of sources is identical

(standardized data), the cut-off level of the

dendrogram indicated that it was advisable

to adopt 12 types of communes (Fig. 1). This

article adopts the first solution (Tab. 1; Fig. 2):

. Highest emission from animal faeces and
the use of agricultural soils, very high emis-
sion from enteric fermentation and high
emission from combustion of plant resi-
dues (in comparison to other communes)
- zero standard deviation and coefficient
of variation due to the fact that only one
commune (Wierzchowo in Pomerania) was
included in this type.

. Highest emission from the use of agricul-
tural soils, very high emission from com-
bustion of plant residues (in comparison
to other communes) and average emis-
sion from enteric fermentation and animal
excreta - the type constitutes primarily
the average power of agricultural soil use
and low combustion of plant residues;
in the case of other variables, the coeffi-
cient of variation is high (from 78 to 112).
As many as 8 out of 10 communes of this
type are located in the Hrubieszéw area.

lI.Very high emission from enteric fer-

mentation, animal excreta and the use
of agricultural soils and below average
from combustion of plant residues - the
type is strongly constituted by emission
from enteric fermentation and the use
of agricultural soils and average emission
from animal excreta. As many as 30 out
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Figure 1. Dendrograms obtained using Ward’s method illustrating groups of communes by the GHG
emissions from agriculture, prepared on the basis of absolute data (A) and standardized data (B)

of 35 communes belonging to this type from the use of agricultural soils. Among
of communes are located in Podlachia and 102 communes of this type, the largest
northern Mazovia. compact area is located in Podlachia and
IV.Very high emission from animal excreta northern Mazovia, and smaller in Greater
and the use of agricultural soils as well Poland, eastern part of Mazovia, between
as high emission from enteric fermenta- Wegréw and tukéw, and in region of Tucho-
tion and combustion of plant residues (in la Forest.
comparison to other communes) - the type V. High emission from enteric fermentation
is strongly constituted by emission from and animal excreta and average emission
enteric fermentation and average emission from other sources - the type strongly con-
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Table 1. Characteristics of commune types due to GHG emission from agriculture (Mg CO,eq/year)

. . The use The burning
Type | Coefficient f Enter|c. Animal of agricultural of plant Total Number
ermentation faeces solls residues of communes
overoge  |aGA0 A [NNGHOMGONJOGGE 52/ | 289475
| G 0.00 0.00 0.00 0.00 0 1
\ 0.00 0.00 0.00 0.00 0
average 8,039.16 237146 |0 801 | 83427
Il c 6,333.59 2,640.94 23,440.61 3.80 32,419 10
\ 78.78 111.36 47.47 270
overoge  |NGOD0ORNN[INO/IBIN|IG0UAN] 264 | 66326
1 c 6314.84 3,181.19 3,806.90 1.58 13,305 35
\ 15.82 33.23 22.62 59.68 131
average 2319141 | 942609 | 1409165 | 523 46,714
I\ c 4,208.27 6,473.72 4,308.01 4.67 14,995 102
\ 18.15 68.68 30.57 89.23 207
average 14,568.89 6,047.67 9,442.83 4.74 30,064
\Y G 2,830.42 3,238.86 2,512.40 3.86 8,586 221
\ 19.43 53.56 26.61 81.49 181
average 5,373.59 311620 | 13,92066 |l 22418
Vi c 2,897.95 2615.68 4138.73 5.83 9,658 80
\ 53.93 83.94 29.73 82.08 250
average 7,986.65 3,794.30 6,547.35 4.05 18,332
VI c 1,846.06 1,835.62 1,554.71 2.91 5,239 419
V 23.11 48.38 23.75 72.01 167
average 3,538.10 1,804.37 4,710.59 3.32 10,056
Vil c 1,328.72 1,042.30 1,461.78 3.09 3,836 701
\ 37.55 57.77 31.03 93.09 219
overoge MMM 163140 LS8 3204
IX G 716.79 502.57 1,097.52 1.98 2,319 905
\ 83.01 99.08 59.93 143.54 386
average 5,712.28 2,583.48 5,552.03 3.07 13,851
Total | © 7,144.54 4,641.61 6323.24 3.36 18,113 2474
\ 125.07 179.67 113.89 109.27 528
o - standard deviation; V - coefficient of variation
Average emissions: B highest B very high high
low [ very low M lowest
Values of the coefficient of variation that
best constitute the types: 0-20 20-40 40-60
(the closer O, the better they confirm the existence of the type)
stituted by emission from enteric fermenta- Krajna, north of the Lublin Region, cen-
tion and slightly less from the use of agri- tral part of Masuria and the Sepopolska
cultural soils. Out of 221 communes of this Lowland.
type, most of them are located in the VI. Very high emission from combustion
Suwatki Region, north-eastern Mazovig, of plant residues (in comparison to other
Chetmno-Dobrzyr Land, Greater Poland, communes) and high emission from the
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Figure 2. Distribution of types of communes separated on the basis of GHG emission from agriculture
and regionalisation of this emission (73 regions)

use of agricultural soils, whereas average
from other sources - the type average con-
stituted by emission from the use of agri-
cultural soils and quite poorly from enteric
fermentation. This type is small in number
(80 communes), dispersed throughout the
country with concentrations of several
neighbouring communes: the largest, sur-
rounding type Il communes, around Hru-
bieszéw and smaller ones in central and
western Pomerania, Lower Silesia, around
Inowroctaw, Opatéw and in the south-
-eastern part of Ponidzie.

VIl. Average emission from all the consid-
ered source groups - the type constituted

by the emission from the use of agricultur-
al soils, enteric fermentation and to a less-
er extent from animal excreta. There are
419 communes of this type, located mainly
in Greater Poland, the northern part
of Masuria and southern Kurpie, Dobrzyn
Land, Ponidzie, northern Lublin Region,
southern Mazovia and Kashubia.

VIII. Low emissions from enteric fermentation

and animal excreta and average emissions
from other sources - the type on average
is constituted by emissions from the use
of agricultural soils and enteric fermenta-
tion. The group is very numerous, compris-
ing of 701 communes located in different

Geographia Polonica 2020, 93, 3, pp. 361-376
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parts of the country, occupying the largest

parts of Lower Powisle, Pomerania, Lower

Silesia, £t6dz Land, Lesser Poland, central

and southern Lublin Region and a belt

of communes on the border with Belarus.
IX.The lowest emission from enteric fermenta-
tion and animal excreta and very low emis-
sion from the use of agricultural soils and
combustion of plant residues (in compari-
son to other communes) - a poorly sepa-
rated type, poorly constituted by the emis-
sion from the use of agricultural soils. The
most numerous type (905 communes) and
distributed throughout the country, but few
in Greater Poland and in the north-eastern
part of Poland. It dominates in Silesia, from

Beskidy in the south to Radomsko in the

north, in the Lubusz Land, around War-

saw, in the Podkarpacie Region and in the
south-western part of Pomerania.

As a result of delimitation, 73 regions were
obtained. Their numbering (1 - 73) results
from the total GHG emission from agricultur-
al sources in decreasing order. Five regions
with highest emission, three of which are
located in north-eastern Poland (Podlachio-
Kurpie, Southhern Podlachia, ltawa-Racig?)
and the remaining two in Greater Poland and
south-eastern part of Pomerania, generate
31% of agricultural GHG emission, occupy-
ing 16% of the country’s area. In five regions,
with lowest emissions, located mainly on the
eastern border of Poland, 0.5% of GHG emis-
sions are generated. In view of the sources
of emission included in the study, it is high-
est in regions where agriculture dominates
in the economic structure - cattle and pig
breeding in particular, whereas it is lowest
in regions with a predominance of forest
management and industry usually accompa-
nying the largest urban centres and agglom-
erations (Fig. 3). From the analysed source
groups, two dominate (the use of agricultural
soils and enteric fermentation), producing
about 40% of GHG each. About 19% of the
emission comes from animal excreta and the
share of combustion of plant residues is neg-
ligible (0.02%) and may be omitted from
further analyses.
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The surface areas of the regions are highly
diversified. The largest - from 14,000 km? t
o 16,000 km? include the following regions:
Podlachia-Kurpie (90 communes), Lubusz-
tuzyce  (125),  Silesia-Beskidy-Radomsko
(213), Lesser Poland (146) and Lower Silesia
(130). The smallest (from 550 to 800 km?)
are: Rejowiec Region (7 communes), Tatry
Region (6), Lipsko Region (4), Pieniny-Muszy-
na Region (9) and Augustéw Region (3)
and the region consisting of one commune
Wierzchowo (236.5 km?). The most populous
regions, however, with relatively low emis-
sions, include the following: Silesia-Beskidy-
Radomsko (5.27 million inhabitants) and
Warsaw Region (3 million in 91 communes),
followed by Lesser Poland (2.63 million)
and Lower Silesia (2.64 million). Other than
these, the regions of £t6dz-Czestochowa and
Lubusz-tuzyce are also highly populated. The
least populated regions are: Wierzchowo
commune (4.3 thousand people), Sanok-
-Ustrzyki Region (15.6 thousand) and Pieniny-
-Muszyna, Rymandw, Augustéw and Rejowiec
(each with 31 to 36 thousand inhabitants).

The needs for action to reduce GHG
emissions result from the size and structure
of the emissions, first of all in total terms,
but also from taking into account the rela-
tive size of the emission, expressed by indi-
cators related to the population and surface
area of the regions (Fig. 4). Apart from the
five regions mentioned above with the high-
est emissions, it is also worth taking note
of the other regions where, not only the
total emissions are significant, but also
the indicators outlined above reach larger-
than-average values. These, in particular,
include such regions as: Hrubieszéw, towicz,
eastern Greater Poland, Radziejéw, Kuyavia
and Tuszyn-Opoczno (with the exception of the
first one, they are located in the central part
of the country). In this context, it is also worth
noting the following regions: northern Masur-
ia, Ponidzie, Ciechanéw-Kurpie and Chetmno
Land. The Wierzchowo region is a record-
breaking region in terms of indicator values.
The annual GHG emission from agriculture
was estimated there at 67.2 Mg CO,eq per
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Figure 3. Size and structure of GHG emission sources from agriculture by emission regions

capita and 1224 Mg CO,eq/km’ and
is respectively 11 and 3.7 times higher than
the second regions in this respect (Podlachia-
-Kurpie and towicz).

8 regions make up the group of regions
with the highest priority of GHG emission
reduction measures, while 17 regions are
characterised by a high priority. Taking into
account the volume of emissions per capita
and surface area, 5 regions each have high-
est priority of measures, and 16 regions each
have high priority (Fig. 5).

On the basis of the typology of regions,
12 types of regions were identified owing
to the structure of emission (Fig. 5):

A. Very high share of emission from agri-
cultural soils, low share from enteric fer-
mentation and very low share from animal
excreta - 1 region (Hrubieszdw).

B. High share of emission from agricultural
soils, low or average from enteric fermen-
tation and very low or low from animal
excreta - 2 regions (Szczecin-Gorzéw and
Zigbice).
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Figure 4. GHG emissions from agriculture in relation to the population and area of regions

C. Significant share of emission from agricultural
soils, average from enteric fermentation and
very low or low from animal excreta - 3 reg-
ions (Orawa-Podhale, Kielce and Rymandw). ring only in the North Masuria Region.

D. Significant share of emission from agricul- G.Medium share of emission from agri-
tural soils, average from enteric fermenta- cultural soils and enteric fermentation

F. Medium share of emission from agricultur-
al soils, significant from enteric fermenta-
tion and low from animal excreta - occur-

tion and low or average from animal excre-
ta - 15 regions, dominating in the western
and south-eastern part of the country.

. Significant share of emissions from agri-
cultural soils, low or average from enteric
fermentation and very low or low from live-
stock manure - 3 regions (Pyrzyce, Sanok-
Ustrzyki and Bieszczady).
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and average share from animal excreta
11 regions, located mainly in Greater
Poland and the central part of the country.

H.Medium share of emissions from agri-

cultural soils and enteric fermentation
and very low and low share of emissions
from animal excreta - 17 regions, located
mostly in Lesser Poland, Lublin Region,
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on the eastern border of the country and - 7 regions, characteristic for northern
in Warmia. Mazovia and Podlachia.

J. Medium share of emission from agricultur- L. Average share of emission from agricul-
al soils, average from enteric fermentation tural soils, average share from enteric
and low or average from animal excreta fermentation and low or average share
- 5 regions, typical of the lands of former from animal excreta - 7 regions, situated
Prussian rule. mainly in the central latitudinal belt of the

K. Average share of emission from agricultural country from Greater Poland to Podlachia.
soils, significant from enteric fermentation M.The commune of Wierzchowo with an aver-
and low or average from animal excreta age share of emission from agricultural
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soils, low from enteric fermentation and

high from animal excreta.

As a result of the imposition of the above
typology on the regions indicated as prior-
ity for measures to reduce GHG emission,
determined earlier on the basis of the analy-
sis of absolute and relative size of emissions,
the picture presented in Fig. 5 was obtained.
It shows that the most urgent measures
should be taken in regions of type K (Pod-
lachia-Kurpie, Ciechanow-Kurpie, eastern
Greater Poland), L (southern Greater Poland,
southern Podlachia and ltawa-Racigz) and
G (Krajna-Tuchola, Kalisz-Sieradz, Chetmno
Land), as well as in regions of type A and F,
with single regions (Hrubieszéw and northern
Masuria). In planning the action, one should
also pay attention to Ponidzie and Wierzcho-
wo commune. On the other hand, regions
with the lowest need for measures belonging
primarily to types B and D and are located
chiefly in Western Pomerania and south-east-
ern Poland. They also include the Warsaw
Region. Numerous H-type regions in Warmia
and along the eastern border of the country,
also have little need for planned measures.
In the course of emission reduction measures,
one may also point out several regions where
the emission from combustion of plant resi-
dues is slightly higher and amounts to about
0.1% in each case. These include the following
regions: Szczecin-Gorzdw, Pyrzyce, Ziembice,
tobez and Lower Silesia - all located in the
western part of the country.

In order to reduce emissions from agricul-
tural sources and increase CO, absorption,
it is necessary to strive primarily to fully uti-
lise the potential of forestry and agricultural
land to increase carbon sequestration in bio-
mass and soil, to bring organic matter into
the soil with simultaneous reduction of soil
losses, to optimise storage, transport and
distribution systems for livestock manure
in fields and their appropriate manage-
ment, to make extensive use of agricultural
activity and agri-food processing for the
development of renewable energy (includ-
ing biogas and biofuel production), as well
as to significantly improve energy efficiency
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and increase the share of renewable energy
in plant production and breeding (Wisniewski,
2015; Wisniewski & Kistowski, 2017). The
achievement of these objectives requires the
implementation of appropriate mitigation
measures, adapted to local environmental
conditions and the different size and struc-
ture of emissions in individual regions (Tab. 2).

In the Hrubieszéw Region, which is distin-
guished, in the country, by particularly high
emission from agricultural soils, there is an
urgent need to undertake mitigation meas-
ures, including first of all the application
of good practices when farmers use organic
fertilizers as an alternative to mineral fertiliz-
ers and the use of organic waste not used
in agricultural holdings for energy production
as an element of a circular economy (Case,
Oelofse, Hou, Oenema, & Jensen, 2017).
Action is also urgently needed to increase soil
carbon sequestration. Research on good agri-
cultural practice shows that soil management
strategies aimed at carbon sequestration are
most effective when accompanied by ero-
sion protection, maintain a good structure
and balance in nutrient, and the use of inter-
crops and undersown crops with a positive
soil organic matter reproduction rates (Cong,
Hoffland, Li, Janssen, & Van Der Werf, 2015;
Nadeu, Gobin, Fiener, van Wesemael, &
van Oost, 2015; Borrelli, Paustian, Panagos,
Jones, Schitt, & Lugato, 2016). Urgent action
is also needed in C, E and G regions in order
to introduce organic matter into the soil while
reducing soil losses (e.g. by increasing bio-
mass production, using organic fertilisers,
introducing grassland and applying appropri-
ate agricultural practices). In regions charac-
terised by a relatively high share of marginal
land (mainly types C without Pyrzyce Region,
E, H and M), the use of set-aside land or fal-
low land and uncultivated land for the cultiva-
tion of energy crops should be aimed at. Their
cultivation on marginal land may provide
many ecosystem services, including biomass
production, limiting soil erosion, soil carbon
sequestration and soil properties improve-
ment (Davis et al, 2010; Gelfand, Zenone,
Jasrotia, Chen, Hamilton, & Robertson, 2011;
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Table 2. Proposed directions of mitigation actions in particular types of regions
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mitigation actions: +++ very urgent, ++ urgent, + average urgent
Blanco-Canqui, 2016). However, the invasive agricultural  GHG  emissions  can  only

threat of some energy crops and the profit-
ability of crops need to be more widely rec-
ognised. In regions with a significant or high
share of emissions from enteric fermentation
and livestock manure (types F, K and M),
there is an urgent need to apply and promote
good practices and low-carbon technologies
in the agri-food sector, including improving
animal feeding techniques and maintenance
systems, low-carbon manure and slurry
management and designing low-carbon and
energy efficient livestock buildings taking
into account the best available techniques
(Loyon et al, 2016). However, as empha-
sized by Bennetzen, Smith, and Porter (2016),

be reduced to a certain level and a simulto-
neous focus on other parts of the food-system
is necessary to increase food security whilst
reducing emissions.

Conclusions

Advanced statistical analyses of the results
of mathematical modelling of GHG emission
from agricultural sources at the local level
in Poland has made it possible to distinguish
9 types of communes, diversified in terms
of the size and structure of the emission.
As a result of regionalisation based on the
principle of maximum similarity of types
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belonging to particular regions of communes,
73 regions were obtained. Five of them, with
the highest emission, generating 31% of the
national GHG emission and occupying 16%
of the country’s area, are located in north-
eastern Poland, Greater Poland and south-
eastern part of Pomerania. On the other
hand, the five regions with the lowest emis-
sions are located, mainly, on the eastern bor-
der of Poland. In terms of GHG emissions from
agriculture with respect to the population and
surface area, the Wierzchowo Region reaches
record levels. High values of these indicators
are also characteristic for the regions of Hru-
bieszéw, eastern Greater Poland, Radziejow,
Kuyavia and Tuszyn-Opoczno.

In the group of regions with the high-
est priority for action to reduce GHG emis-
sions, on account of its total value, there are
8 regions, while 17 regions have a high prior-
ity. Taking into account the volume of emis-
sions per capita and areq, 5 regions each have
the highest priority for action and 16 regions
each have a high priority for action.

Based on the typology of regions, 12 types
of regions were identified due to the structure
of emissions. The highest priority of measures
limiting GHG emission from agriculture is giv-
en to regions of type K (Podlachia-Kurpie,
Ciechanéw-Kurpie, eastern Greater Poland),
L (southern Greater Poland, southern Podla-
chia and ltawa-Racigz) and G (Krajna-Tucho-
la, Kalisz-Sieradz and Chetmno Land), as well
as to regions of type A and F, with single units
(Hrubieszéw and northern Masuria). When
planning protection measures, one should
also pay attention to Ponidzie and Wierz-
chowo commune. Regions with the lowest
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