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Abstract: The main aim of this paper was to assess the impact of socioeconomic and agricultural
factors on cow and pig density in suburban areas located up to 50 km from the 11 biggest cities in
Poland. This study relied on data retrieved from all municipalities located within 50 km from central
cities. The impact of the previously mentioned socioeconomic and agricultural factors was assessed
using the Pearson correlation coefficient, analysis of variance (ANOVA), and regression analysis. This
study shows that the lowest cow and pig density was recorded in the two inner rings. From 1996 to
2010, the gap between them and the levels recorded in other rings became much more pronounced.
The analysis only corroborated the high correlation between livestock (cow and pig) density and
the share of corresponding livestock farms in the total number of farms as well as the average herd
size. Regarding other agricultural and socioeconomic factors, the correlation was weak or low except
for a moderate correlation between the entrepreneurship indicator and pig density. The regression
analysis demonstrated that the share of cow and pig farms in the total number of farms, average herd
size, residential housing density, and unemployment rate had a significant impact on the density of
animal groups considered.
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1. Introduction

In the era of centrally planned economies, mismanagement, and poor efficiency resulted in
a general deficiency of both industrial goods and food. This resulted in the rationing of key food
products (based on ration coupons) such as meat, butter, sugar, chocolate, etc. The permanent
deficiency of food, and the related policy for minimizing the reallocation of agricultural land to
non-agricultural uses, also restricted the development of suburban housing. The state-controlled
residential construction sector played a dominant role and was primarily focused on multi-story
buildings, which also minimized the demand for agricultural land. After 1990, the introduction of the
free market economy and the liberalization of the construction law in Poland brought considerable
acceleration of the urban development process, mostly in suburban zones. Growth was experienced in
the sector of suburban single-family homes and small buildings with several flats. The development of
residential housing, roads, and industrial zones as well as the discontinuation of agricultural use of the
less fertile soils in 1990–2010 contributed to a decline in the area of agricultural land in Poland by as
much as 17.2%.

In the case of suburban areas of large metropolises, settlement expansion also results in major
functional changes in settlement systems and in their social and economic conditions [1,2]. This is
connected with a gradual process of pushing agriculture out of suburban areas through the marginalization
of its production, social, and environmental functions [3–5]. In the mid-1900s, Sinclair noted that urban
expansion and the anticipation of urban uses of agricultural land located near big cities leads to the
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extensification of agricultural production, and that production becomes more intense as the distance
from central cities grows (reversed von Thünen’s rings) [6–8].

Research shows that the gradual construction of residential buildings results in the growth
of irresolvable complaints on agricultural nuisances related to animal and plant production (e.g.,
odors, noise, and dustiness). Consequently, animal depopulation accelerates while farmers are less
willing to develop animal production [9–13]. The development of the largest cities and their outskirts
[metropolitanization] results from the increasingly popular settlement of residents in suburban areas
present in Poland [1].

The international literature includes many papers addressing the location of agricultural
production in urban areas or around metropolitan areas [11,14–16]. In turn, Polish researchers
focused mainly on land uses in Polish cities and metropolises [1,17–21]. They show a large decline
in agricultural land, which indirectly reduces feed production and animal numbers. Furthermore,
research showed that migrations, the increase in population density, and the increase in the number
of enterprises (reduction of unemployment rate) all contribute to a growth in demand for land for
non-agricultural uses. As a consequence, agricultural land is reallocated for other purposes [1,22–25].

In view of the above, the main aim of this paper was to assess the impact of socioeconomic and
agricultural factors on cow and pig density in suburban areas located within up to 50 km from Poland’s
11 biggest cities in 2010. Animal density figures as recorded in the areas covered by this analysis in 1996
will also be presented in order to trace the relevant trends. This study is an extension of the research
undertaken by Pepliński [5], who, in chapter 7, described changes in the pig and sow population for
Poland’s 11 largest cities using rings with a radius of 25 km.

Two research hypotheses were also formulated.

• As the distance from the central city reduces, so does cow and pig density;
• Agricultural and socioeconomic factors have an impact on cow and pig density.

2. Theoretical Background

The theory of agricultural location, with von Thünen as the main contributor, is likely the
geographic concept most widely used around the globe. In the von Thünen’s rings (a timeless model
for agricultural land use and lease), the location of production of specific agricultural raw materials
relative to a city is dependent upon their capacity to generate income [26]. It was used in agricultural
systems underpinned by any possible technologies across all five continents. However, research was
mostly carried out in developing countries or, sometimes, in regions living mainly from farming because
of the limited number of factors affecting incomes derived from the use of rural land [27]. The versatility
of the von Thünen’s location theory is reflected not only by the fact that it was adapted to explain
industrial processes, likely independently by Launhardt (1882) and Weber (1909) [28,29], but also by
recent research on agriculture and beyond. The above is evidenced, for instance, by research on the
impact of beef and milk production profitability on Amazonian deforestation [30], the structure of land
use depending on its distance from tourist cities [31], the scale of raw material extraction operations [32],
and the ability to use urban waste compost in areas surrounding large urban centers [33].

Agricultural industrialization and the related increase in yields, improvements in production
efficiency, work organization, and the development of transport, cooling technology, and of the
processing industry, etc. reduced the importance of transport costs, which is the basic factor for
agricultural production location according to von Thünen. Nevertheless, the basic concept that the
location of speculative activities depends on the economic rent they generate continues to be valid,
and can be used in explaining the way agricultural land is used [20]. For instance, that concept can be
relied upon to model the use of land [34–36], to explain the agricultural evolution and the deforestation
process [30,37,38], and to develop the theory of urban land lease [39,40] and the theories on the role of
regulatory bodies [41].

A direct reference to von Thünen’s rings was also made by Reference [6]. In addition to transport
costs and lease rates, his analysis took into consideration three other factors, which he believed had



Sustainability 2020, 12, 2619 3 of 20

an impact on land uses in modern industrial zones, i.e., a modern production organization that gives
preference to large-scale production operations and mass transport of agricultural produce, the domestic
or worldwide market, and the competition between different agricultural uses of land by taking into
account the growing competitiveness of non-agricultural uses [7]. He also advanced a thesis on the
reversed von Thünen’s rings, following from the fact that agricultural production intensity (output,
performance) increases together with the distance from the urban center [1,10,27,42,43]. According to
Sinclair, the decreasing intensity of agriculture in peripheral zones of urban centers was caused by
the anticipation of urban uses of agricultural land. This, in turn, resulted from urban development
(especially including suburban settlement), increasing prices of land and other goods, increasing
wages, and the emergence of non-agricultural employment opportunities [5,7,44]. The increase in
land lease rates, land prices, and wages in areas with a high concentration of industrial activities
was already noted by von Thünen [26]. Low productivity of agricultural labor, and poorly profitable,
capital-intensive, small-scale production activities are the reason why, as agricultural land becomes
more likely to be converted to non-agricultural uses, it is less likely to maintain agricultural production
or increase its scale and intensity [6]. This is especially difficult in the long run because the farmers
are unable to increase their farms’ area (versus leasing land from speculators investing in land), and
because capital-intensive investments have long payback periods and, therefore, carry an additional
risk in suburban areas [45]. Suburban land is seen as a safe long-term investment, and, therefore, is not
considered as a productive input but rather as an investment that will provide capital gains in the
future [46,47]. As long as there is potential for future conversion into non-agricultural uses, and as
long as the city (together with its services and residents) keeps “moving closer,” land will increase
its value [10,46,48–51]. The speculative purchase volume is greater than the amount of land to be
developed in the foreseeable future [48]. Therefore, investors not interested in agricultural production
often lend their land to farmers in return for a fee below the fair market value [6,10,47,48,52,53].
At higher levels of non-agricultural land taxation, this is beneficial for both sides. However, as the city
grows, the supply of leased land decreases. Furthermore, the land conversion schedule is beyond the
control of the farmer, which also does not encourage long-term investments [10].

The fast, uncontrolled decline in agricultural land area, as witnessed after 1990 in many countries
undergoing economic transformation, gave rise to concerns about the capacity to feed these nations
and the global population [43,47,54–57]. These concerns seem reasonable in view of the expected
70%–110% increase in demand for food by 2050 (with 2005–2010 as the base period), resulting from
rapid population growth, enhancement in welfare levels, and changes in diet [58–61]. Therefore, there
is need for implementing a land protection policy at a global level. As noted by Furuseth and Pierce,
agricultural land protection schemes, such as those put in place in Oregon and British Columbia,
enjoyed public support and were a great success as they slowed down the conversion of land into
non-agricultural uses [62]. Moran [63] used the example of Auckland suburbs in demonstrating the
effectiveness of institutional schemes for land protection [43,63]. However, these discoveries are denied
by Bounce who assessed the outcomes of agricultural land protection schemes in North America
(starting from the 1970s) and found that the public policy for land protection is a distorting factor and
seems to have temporary and limited success [64].

3. Characteristics of the Research Area

3.1. Central Cities

In Poland, industrialization and urbanization processes started relatively late (ca. two centuries
later than in most Western European countries), which makes it a country with a relatively low level
of urbanization [65]. With a population of 38.4 million, Poland has only four cities in the EU’s top
50, including Warsaw ranked 9th, and Krakow, Łódź, and Wrocław ranked 26th, 29th, and 34th,
respectively. In 2018, 60% of the population lived in rural areas. In recent years, as a result of a negative
net migration rate and a negative population growth rate, the urban population has started decrease
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while the rural population has been growing due to a positive net migration rate and a slightly positive
population growth rate [66]. However, the urbanization process actually keeps progressing because
the greatest population growth is experienced in suburban areas in Poland’s biggest cities. They also
include rural municipalities with localities of several thousand people.

Together, the 11 central cities covered by this analysis had more than 6.5 million residents, i.e.,
17% of the Polish population. The total area covered by the study accounted for 17.3% of the national
territory and was home to nearly 40% of the national population, i.e., 15.3 million people (Table 1).
Furthermore, this area was home to 30.4% of residential buildings and to nearly half of economic
operators active in Poland. The most populated area covered by this study were the cities and areas
surrounding Warsaw and Katowice (ca. three million people). Areas located around Białystok, Lublin,
and Szczecin had a population below one million. The corresponding figures for other cities varied
from 1.1 to 1.5 million people.

Table 1. General characteristics of central areas covered by the analysis (in 2010).

Central City
Number of

Municipalities
Covered

Population of
Central Cities
(Thousand)

Population
(Thousand)

Number of
Residential Buildings

(Thousand)

Number of
Economic Operators

(Thousand)

Białystok 32 294.2 559.8 90.0 49.0
Bydgoszcz 42 364.4 1110.2 111.8 111.1

Gdańsk 30 460.5 1171.3 109.4 151.2
Katowice 69 311.4 3057.7 302.5 304.8
Kraków 55 757.7 1511.5 225.5 186.9
Lublin 52 349.5 796.2 131.3 69.7
Łódź 53 730.6 1296.4 163.6 136.9

Poznań 41 555.6 1161.1 143.1 171.9
Szczecin 16 410.2 680.0 53.4 97.2

Warszawa 62 1700.1 2832.5 326.1 493.6
Wrocław 41 630.7 1182.6 124.7 155.9

Total 493 6565.0 15359.3 1781.6 1928.2

Poland = 100% 19.9 17.0 39.9 30.4 49.3

Source: Own elaboration based on the data [67].

3.2. Characteristics of Agriculture

In Poland, during the era of centrally planned economies (before 1990), despite the agrarian
reforms, the average farm size did not change and was ca. 7.0 ha [68]. This was the key factor behind
the fragmentation of animal production as well. The domination of small individual farms made
Poland stand apart from other socialist countries. Today, it is the reason why agriculture fails to adapt to
the situation in world agricultural markets. Although production concentration and industrialization
accelerated sharply after 1990, they are still not fast enough compared to other EU countries. This
is true both for the average farm size and for the average herd size of key animal species. In terms
of each of these criteria, Poland (together with Romania) is among the EU countries with the less
advanced agricultural concentration processes [69–73]. This is especially detrimental in the context of
the rapidly growing minimum scale of farming operations, which, in most European countries with an
agricultural structure similar to that found in Poland, is more than 100 cows and several thousand
pigs (vs. 20–29 cows and 400–999 pigs in Poland) [69]. Unfortunately, only around half of the Polish
cow and pig population is kept in herds that have a development potential. Especially in the case of
pigs, this presents the risk of deepening the crisis affecting that market. Another unfavorable aspect
is the fact that many of the largest farms (most of them established as a continuation of state-owned
agricultural holdings) abandon animal production, especially in the context of the Nitrates Directive,
which allows only 30% of organic fertilizers to be used outside livestock farms [74].

After 1990, the territorial concentration of basic animal species started to accelerate as well. This
is because, after 1990, most state-owned and cooperative processing facilities were liquidated. They
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were located in each district and had milk and livestock collection points in each municipality. In the
newly established private companies and in dairy cooperatives under restructuring, agricultural raw
materials were collected directly from farms. Furthermore, higher prices were offered as a premium
to suppliers of larger batches of agricultural produce. In 1990, the production of basic vegetable and
animal raw materials was distributed evenly across the national territory. However, due to progressing
concentration, already in 2010, half of the pig and cow population was located in three out of the
sixteen voivodeships [5,75–77].

Concentration processes also slowed down by the large share of farms whose owners see their
farming income as a supplement to what they earn in non-agricultural sectors. The slowdown is also
driven by direct payments and other Union programs of agricultural support [78]. The areas covered
by this study are also clearly affected by structural problems. There were 330,000 farms (which is
more than the total number of farms in Germany) using 2.3 million hectares of agricultural land, i.e.,
6.8 ha on average (Table 2). Nearly 62,000 farms kept 5.3 cows on average. A total of 65,000 farms
kept 37.0 pigs on average. These figures are several percent lower than the average levels for Poland.
The largest farms, both in terms of area and average animal numbers, were located in the region of
Bydgoszcz and Poznań. The smallest, in turn, was found near Kraków, Katowice, Lublin, and Warsaw.

Table 2. General characteristics of agriculture in central areas covered by the analysis (in 2010).

Central City
Agricultural

Land
(Thousand ha)

Cow
Numbers

(Thousand)

Pig
Numbers

(Thousand)

Total Number
of Farms

(Thousand)

Number of
Cow Farms
(Thousand)

Number of
Pig Farms

(Thousand)

Białystok 276.0 92.0 132.9 28.51 9.25 6.21
Bydgoszcz 295.5 39.9 497.6 20.86 4.81 7.15

Gdańsk 139.4 15.5 126.4 12.42 3.39 3.34
Katowice 112.4 10.3 106.1 27.18 2.17 3.04
Kraków 194.1 19.0 157.0 72.91 10.06 11.15
Lublin 313.4 41.0 246.4 64.47 12.66 13.98
Łódź 272.2 66.4 507.0 36.77 10.90 8.56

Poznań 239.5 21.7 531.4 15.45 2.69 6.35
Szczecin 83.4 3.6 19.6 6.15 0.46 0.67

Warszawa 159.4 13.7 29.6 30.86 3.81 1.83
Wrocław 248.3 6.6 51.1 26.50 1.50 2.80

Total 2333.7 329.7 2405.4 342.09 61.69 65.05

Poland = 100% 17.9 13.1 18.3 18.4 13.6 16.4

Source: Own elaboration based on the data [67].

4. Methodology

The main sources of data were information available in the Local Data Bank of the Central
Statistical Office of the Republic of Poland as well as literature that was found using keywords such
as Thünen theory, Thünen circles, Sinclair theory, suburban areas, etc. The databases Scopus, JSTOR,
Wiley Online Library and others were used for this purpose. In the period 2018–2020, about 450
publications were searched through, which included about 100 used to describe current problems
occurring in suburban areas described in chapters 1 and 6, methodological issues in chapter 4, and
theoretical aspects in chapter 2.

Most data available at the municipality level is from 2010. The analysis intentionally excludes land,
animals, and other parameters of organizations other than individual farms because data collection
methods used by the Central Statistical Office does not allow us to specify the actual location of
agricultural production. This follows from the fact that, in some cases, the farm (agricultural enterprise)
is based in a metropolitan area while most (if not all) of its agricultural production facilities are located
elsewhere [1]. As shown in a publication by the Central Statistical Office [79], individual farms are
virtually not affected by that problem. Central cities were defined as the top 10 largest cities in Poland.
This study also included Białystok, which is Poland’s 11th largest city and the largest one in the
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northeast part of the country. The selection of cities was based on their dominant role in the local
market. The anticipation of urban uses of agricultural land is mostly manifested in the biggest cities.

This study relied on data retrieved from all municipalities located within 50 km from central
cities. The municipalities, except for central cities, had a similar area, population close to normal, and
none of them had outliers. The study was carried out at a municipality level based. Due to the lack
of more exact data, this study assumes that parameter values (e.g., area, animal numbers) for the
entire municipality are located at a distance equal to the shortest route between the seat of municipal
authorities and the center of the central city, as proposed by Google Maps.

The impact of central cities declines as the distance increases, and, therefore, five 10-km rings
were identified around each of the 11 selected central cities. As a consequence, subsequent rings had
an increasingly large study area. In the case of cities located close to the national border (Gdańsk,
Szczecin), the remote rings were incomplete. Hence, it was necessary to carry out comparative analyses
based on relative values.

Animal density per 100 ha of general land and per 100 ha of agricultural land can be used as
the explained variable. The first one shows the absolute animal density, without taking account of
environmental, production, and agricultural conditions affecting vegetable and animal production
volumes (including the amount of agricultural land). If agricultural production is fragmented, as is the
case in Poland, the area of agricultural land has a strong impact on the quantity of feed produced and,
thus, on the pig production potential. In the case of cattle, these factors are nearly fully correlated.
When it comes to pigs, the average purchased feeds account for about 50% of the feed used but can be
nearly 100% for smaller producers [58]. However, the advantage of that variable is that it shows the
actual animal density, which can also result from the limited amount of agricultural land. The second
indicator takes account of agricultural land resources whose share decreases as urbanization progresses.
However, simulations performed by the author in a broader context show the impact of other (mainly
socioeconomic) factors on animal numbers. In view of the above, cow and pig density calculated as
the number of animals per 100 ha of agricultural land was used as the explained variable in this study.

The explanatory variables selected to be used in this study (based on the availability of 2010 data
at a municipal level) are as follows [1,5,22–25,45]:

1. Agricultural factors:

- share of agricultural land (AL) in total land area (%),
- share of wasteland in total farm area (%),
- share of cow and pig farms in the total number of farms (%),
- average animal numbers (animals per farm keeping the animal species concerned),

2. Socioeconomic factors:

- population density (per km2),
- net migration rate (per 1000 population),
- residential housing density (number of residential buildings per km2),
- unemployment rate in the working-age population in 2011 (%),
- entrepreneurship level (economic operators per 10,000 working-age population),
- own income of municipalities includes: agricultural tax, property tax, vehicle tax, duty on

actions under the civil law, shares in personal and corporate income taxes, stamp duties,
income derived from the unit’s own property, local fees, and other fees provided for by
the law (PLN thousand per capita).

The Pearson correlation analysis was used to determine the impact of specific factors on the
density of animals covered by this study. The calculations were based on a comparison of indicators
from all central cities covered, separately for rings 1 to 5 and for all rings combined together. The study
relied on indicator values for the municipalities covered.
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Regression analysis was implemented to examine the factors influencing stocking density. In this
case, regression analysis allows us to determine the relevance and the direction of impact of selected
variables (independent variables are listed above) on the stocking density of pigs and cattle (per 100 ha
of UR) as a dependent variable.

The analysis of variance (ANOVA) was used to identify statistically significant relationships
between the data analyzed [80]. In this test, the null hypothesis is that all group means µ (1, 2, . . . ,
i) are equal (H0: µ1 = µ2 = µ3 = . . . = µi), whereas the alternative hypothesis is H1: a difference
exists between two or more group means. Therefore, the alternative hypothesis is that at least two
populations exist, which differ in the mean level. The decision to accept or reject the null hypothesis
is based on the F-statistic calculated as: F = intra-group variance / inter-group variance. Inter-group
variance is an indicator of the dispersion of means in each group covered by the comparison in relation
to the general mean. Intra-group variance is an indicator of dispersion of results within the group
where the result considered belongs. The analysis of variance was performed to check for the existence
of statistically significant differences within the farm population covered by the study at α = 0.05.
The results were interpreted using the arithmetic mean and the coefficient of skewness, which shows
how asymmetric the distribution is around its mean as per the formula below [81].

5. Results

As expected, the share of agricultural land in total land area increased together with the distance
from the center of the central city. Within 10 km from the center of the eight biggest cities in 2010,
the share of agricultural land varied from 17.3% to 31.3% (Figure 1). It was lower (6.9%) only in the case
of Katowice, which is the largest of the 14 cities comprising the Silesian agglomeration. Conversely,
the highest share of agricultural land was recorded in two cities in Eastern Poland. In Białystok,
the share of agricultural land in the third and fourth ring was slightly higher than in the first ring due
to large forested areas being located north and east from the city. In most other cities, the share of
agricultural land increased together with the distance from city centers. The location of agricultural
land was also important for its use. As the distance from the center increases, so does the average share
of agricultural land under crops (from 53.2% in the first ring to more than 70% in rings 3 to 5) while
the share of agricultural wasteland declines (from 5.6% in the center to 1.9% in the outer ring), and so
does the share of wasteland owned by farms (8.3% and 2.1%, respectively). An above-average share of
wasteland owned by farms, especially in the central ring, was recorded in the three Polish metropolitan
areas, i.e., Warsaw (19.8%), Katowice (12.3%), and Krakow (11.9%). Conversely, the lowest levels were
found both in the smallest central cities and in those located in the most agriculturally developed
regions with a deficiency of agricultural land, i.e., Poznań, Łódź, and Bydgoszcz (2.9%–4.1%).

In most cities, cow density in the first ring was at a minimum level of up to five animals per 100 ha
of agricultural land in 1996 (Figure 2). It reached the highest levels in Białystok (13.9), which is a region
specializing in dairy production.

Pig density in the first ring in 1996 was high (with 32.3 animals/100 ha of agricultural land,
on average). In the case of Krakow and Poznań, it was above 50 animals/100 ha of agricultural land
(Figure 3). Such high-density levels were the consequence of many residents keeping a few pigs in
buildings not suitable for animal rearing, such as workshops and garages. In that period, such activities
were highly accepted by neighbors.

In most cities, cow density in the first ring in 2010 was at a minimum level of up to two animals
per 100 ha of agricultural land (Figure 4). It reached the highest levels in Białystok (9.4), which is
a region specializing in dairy production, and in Łódź (6.9). With regard to cities with a population of
up to 0.5 million, a cow density close to the voivodeship-level average figure was usually found in the
third or fourth ring. In the case of cities with a population of 0.5 to 1.0 million, it was in the fourth
or fifth ring. When it comes to Warsaw, in none of the rings covered did the animal density exceed
half of the average level for the Mazowieckie voivodeship. This was due to the cows being mostly
concentrated in the northern and eastern part of the voivodeship.
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In the first ring of five cities, pig density did not exceed 10 animals per 100 ha of agricultural land
(Figure 5). The highest levels were recorded in Poznań (46) and Łódź (94). This can be due to pigs being
located in voivodeships with the highest concentration of pig stocks across Poland (over one-third of
total pig stocks are kept there). Just like in the case of cows, pig density was at a level similar to the
voivodeship average figure in rings two to four for smaller cities and in rings four to five for larger ones.
However, the relationship is weaker than it was for cows. With regard to Warsaw, the pig density did
not exceed half of the average level for the Mazowieckie voivodeship in any of the rings.Sustainability 2020, 12, 2619 9 of 23 
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Data shown in Figures 2–5 suggests that both in 1996 and 2010, in the first four rings (starting
from the center), animal density increased together with the distance from the economic centers. In all
the central cities covered by the study, animal density was by far the lowest in the first ring. From
1996 to 2010, there was an increase in the disproportion in animal density between the first and the
second ring, and between the second and the third ring. On average, cow density in the first ring was
lowered by 60% in 1996 and by 67% in 2010. The corresponding disparities for pig density are 55% and
60%, respectively. In addition, there were growing differences in animal density between the second
and the third ring. In 2010, it was 26% for cows (vs. 21% in 1996) and 49% for pigs (vs. 30% in 1996).
This suggests that animal production is pushed away from suburban areas located within 20 km from
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the centers of central cities covered by this analysis. In Warsaw, that process was witnessed within
a radius of 30 km. In the smallest cities covered by this analysis, that distance was only 10 km.
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Between 1996 and 2010, in absolute terms, in the first inner circle, the number of cows and pigs
decreased by 84.6% and 82.2%, respectively, and, in the second circle, by 54.5% and 50.6%, respectively,
while, in the outer ring, it decreased by 30.1% and 30.9%. Similar trends were observed for Corn
Belt Metropolitan Areas, where, between 1987 and 1997 in Large metro fringe counties, sales of pigs
decreased by 46.9%. In Nonmetro counties, depending on the counties, the groups decreased by
31.7% and 13.3%. In the case of the dairy cow population, it was lowered by 11.1%, 1.5%, and 4.4%,
respectively [13].

At 0.05, both variables covered (i.e., pig and cow density) demonstrated statistically significant
dependence on the distance from the city. In both cases, it can be clearly seen that, as the region’s
geographical distance from the city increases, so does animal density (Table 3).

Table 3. Analysis of variance of differences in animal density depending on the distance from the city.

Description
Distance from the City (km)

F p0–9.9 10–19.9 20–29.9 30–39.9 40–49.9 0–49.9

Number 22 67 114 122 167 492

Average stock density of pig
population (pcs/100 ha AL) 20.5 58.6 78.9 90.1 93.2 81.2 2.58 0.037

Average stock density of cow
population (psc/100 ha AL) 2.4 5.5 9.7 12.5 13.1 10.6 9.32 0.000

Source: Own elaboration based on the data [67].

The regression analysis showed that the following variables proved to be significant in both models:
share of cow/pig farms, average cow/pig herd size, residential housing density, and unemployment
rate (Tables 4 and 5). The former had a positive relationship with the explained variable, whereas a
one percentage point increase in the unemployment rate resulted in a decline in pig and cow density
by 3.6 pigs per 100 AL and 0.5 cows per 100 AL, respectively.
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Table 4. Results of regression analysis for the stocking density of the cow population.

Specification Beta Standard
Error b Standard

Error t p

Constant - - 5.04 2.249 2.241 0.026
Distance from the city −0.050 0.029 −0.05 0.027 −1.738 0.083

Share of AL (%) −0.046 0.028 −0.03 0.015 −1.673 0.095
Share of wasteland (%) 0.039 0.023 0.09 0.051 1.665 0.097
Share of cow farms (%) 0.746 0.028 0.64 0.024 26.261 0.000

Average cow herd size (animals) 0.302 0.024 0.96 0.078 12.373 0.000
Population density (people per km2 −0.092 0.045 0.00 0.001 −2.043 0.042

Net migration rate (people per 1000 population) −0.078 0.030 −0.01 0.004 −2.559 0.011
Residential housing density (buildings per km2) 0.180 0.042 0.03 0.008 4.325 0.000

Unemployment (%) −0.119 0.025 −0.49 0.103 −4.736 0.000
Entrepreneurship (companies per 10,000 population) −0.154 0.038 −0.01 0.001 −4.064 0.000

Own income of municipalities (PLN thousand per capita) 0.054 0.031 0.78 0.441 1.775 0.076

R2 = 0.792, F = 166.45, p < 0.0000. Source: Own elaboration based on the data [67].

Table 5. Results of regression analysis for the stocking density of the pig population.

Specification Beta Standard
Error b Standard

Error t p

Constant - - 3.92 27.623 0.142 0.887
Distance from the city −0.048 0.035 −0.47 0.351 −1.348 0.178

Share of AL (%) 0.016 0.035 0.09 0.196 0.449 0.654
Share of wasteland (%) 0.024 0.029 0.54 0.664 0.814 0.416
Share of pig farms (%) 0.441 0.035 3.63 0.292 12.417 0.000

Average pig herd size (animals) 0.568 0.029 1.59 0.083 19.263 0.000
Population density (people per km2 −0.085 0.056 −0.02 0.010 −1.521 0.129

Net migration rate (people per 1000 population) −0.067 0.038 −0.10 0.056 −1.774 0.077
Residential housing density (buildings per km2) 0.128 0.052 0.25 0.100 2.487 0.013

Unemployment (%) −0.086 0.031 −3.65 1.304 −2.800 0.005
Entrepreneurship (companies per 10,000 population) −0.041 0.046 −0.01 0.016 −0.883 0.378

Own income of municipalities (PLN thousand per capita) 0.027 0.038 4.02 5.607 0.717 0.474

R2 = 0.681, F = 93.491, p < 0.0000. Source: Own elaboration based on the data [67].

The explained and explanatory variables used in the correlation analysis are highly volatile
irrespective of the ring concerned (Table 6). The smallest variation was found in unemployment levels
and in the personal incomes of municipalities. The conclusion regarding the explanatory variables
is that, as the distance from the central city increases, so does the share of cow farms, the share of
pig farms, and unemployment. Conversely, population density, residential buildings’ density, and
entrepreneurship levels decline as the distance from the central city increases. From 2001 to 2010,
the highest net migration rate was recorded in areas located within 10 to 19 km away from the center,
and decreased as the distance from the central city increased, becoming negative (−4.5 persons per
1.000 population) in the last ring. The net migration rate in the first ring was balanced. However, it was
positive for the three biggest cities and Białystok, and negative for other cities.

The impact analysis of the selected factors on pig and cow density demonstrated that, throughout
the study area, they had a strong or extremely strong positive correlation only with the share of farms
keeping the animal species concerned and with average animal numbers (Table 7). With regard to
other variables, a weak correlation was found between most factors and cow density. In the case of pig
density, a weak correlation existed only with unemployment and a net migration rate. This was due to
unemployment levels being relatively stable in all rings, and to the net migration rate being negative in
the first ring (with the lowest pig density) and reaching the peak level in the second ring (with a much
higher animal density) of most central cities. In turn, a moderate correlation was found between pig
density and entrepreneurship levels. Other variables were concluded to be poorly correlated with
pig density.
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Table 6. Characteristics of variables for areas located around 11 of Poland’s biggest cities in 2010.
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Max 11.5 94.1 83.4 19.2 22.9 88.0 22.5 24.1 4005 335.5 357.5 8.8 2025 4.9
Avg 3.4 19.2 28.2 8.3 5.2 22.7 3.4 4.7 2034 −0.3 121.1 5.6 1538 2.3

Std. dev. 3.2 27.3 17.3 5.6 5.5 21.2 4.9 5.1 1088 105.8 70.0 1.9 296 0.9

10–19 km

Min 0.0 0.0 3.2 0.0 0.0 0.0 0.0 0.0 27 −59.5 8.9 2.0 590 0.8
Max 26.8 296.1 90.7 35.6 35.2 150.7 30.5 22.2 3988 445.1 564.8 10.9 2150 6.4
Avg 8.3 83.0 44.8 3.9 12.2 29.1 10.6 4.8 327 62.6 49.3 5.4 1143 2.0

Std. dev. 6.3 72.2 24.6 7.1 9.5 28.4 7.7 3.8 831 111.4 96.5 2.2 371 1.0

20–29 km

Min 0.0 0.0 3.6 0.0 0.0 0.0 0.0 0.0 25 −85.4 3.4 2.0 372 0.5
Max 55.1 1653.8 94.2 27.3 57.7 403.3 56.7 13.9 3946 368.0 406.0 12.3 2223 4.6
Avg 11.3 94.9 51.3 3.1 17.4 41.2 15.4 5.1 203 31.8 32.2 5.9 1081 1.6

Std. dev. 9.3 162.3 22.0 4.6 12.5 45.9 11.9 3.2 537 83.1 62.1 2.3 349 0.8

30–39 km
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40–49 km

Min 0.0 0.0 7.5 0.0 0.0 0.0 0.0 0.0 9 −92.6 1.9 3.0 321 0.4
Max 77.9 425.6 96.1 37.8 62.5 635.9 69.4 17.1 2983 196.0 369.2 20.1 1429 6.5
Avg 15.4 99.9 56.4 2.1 23.1 38.1 22.6 5.9 111 −4.5 18.5 8.4 887 1.2

Std. dev. 14.2 99.2 18.4 4.0 16.0 54.9 14.6 3.7 499 43.3 41.5 3.0 233 0.7

0–49 km

Min 0.0 0.0 3.2 0.0 0.0 0.0 0.0 0.0 9 −92.6 1.9 2.0 318 0.3
Max 77.9 1653.8 96.1 39.4 62.5 635.9 69.4 24.1 4005 445.1 564.8 20.1 2223 6.5
Avg 13.2 95.8 51.8 2.8 19.0 37.0 18.0 5.3 282 14.0 32.7 7.0 1256 1.4

Std. dev. 11.7 121.1 21.5 5.3 14.7 43.2 13.6 3.7 673 82.0 62.4 2.8 342 0.8

Source: own study based on [67] data.
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Table 7. Correlation coefficients between pig and cow density, on the one side, and selected explanatory
variables, on the other side, in function of the distance from the central city.
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Source: own study based on data [67].

For most variables, correlation coefficients calculated for rings 2 to 5 were close to the level
calculated for the entire study area. Conversely, in the central ring of metropolitan areas, correlation
coefficients calculated for both cow density and pig density largely differed from what was found in
other rings. This can be explained by the very significant differences between central cities themselves,
and the considerable heterogeneity in cow and pig density in central cities. Additionally, these rings
included the smallest number of municipalities (only 22).

6. Discussion

As shown by this analysis, as the distance from the economic center increases, cow and pig density
per 100 ha of agricultural land also increases. Similar trends are true for the share of agricultural land
in total land area, and, therefore, the disproportions in the concentration of animal production between
central areas and remote rings are even stronger. This reflects the marginalization of production
activities both in urban and suburban areas.

Research on livestock concentration in suburban areas was carried out in the 1970s and 1980s,
mainly in economically developed countries, and demonstrated that traditional animal production is
the first activity to be discontinued (though not entirely) in the immediate vicinity of metropolitan
areas [14,15,82–84]. In Poland, due to historical events, these processes started with a delay. However,
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these findings suggest that animal depopulation in suburban areas is progressing and has already
reached an advanced stage. Typical agricultural production is often replaced with hobbyist production,
horticulture, special crops, and agritourism where one of the attractions are horses [15,52,85–87].
An example is the study of five sub-metropolitan counties in California including four of the most
important products produced by local agriculture that are presented. In 1950, four of them had at least
two animal products, while, in 2001, only two counties had one animal product (Alameda had cattle in
third place and San Diego had egg production in fourth place). Fruit and vegetable production and
the nursery sector gained the most importance [86]. The concentration processes of these production
activities in suburban areas of Polish metropolises have not yet been completed, and, therefore, relevant
research needs to be carried out.

One of the main reasons why animal production is discontinued could be what is referred to
as the instability syndrome [14], manifested by a deterioration in long-term prospects for suburban
agriculture, which is noticeable to farmers. This includes the expected decline in agricultural land
resources and the resulting reduction in the feed production potential, which is an aspect that is of
particular importance to cattle production and of minor importance to pig production. That process
is also experienced in Poland because the decline in agricultural land within 25 km of the center of
Poland’s biggest cities is much greater than the national average figure [5]. In addition to the growing
suburban population, this is also driven by rapid growth in Polish GDP, which requires plants to be
extended and land to be allocated for warehousing and logistic facilities. Such constructions are mostly
located in the outskirts of the biggest cities [25,88–90], primarily because of the demand for open spaces
at lower prices [91–93]. In Poland, the low degree of saturation with such modern infrastructure has
been and will be among the major factors affecting the conversion of agricultural land. The instability
syndrome also reduces investments due to their capital intensity and long payback periods. This
is especially true for construction investments, which are necessary for the development of animal
production. Additionally, this results in suburban farmers becoming less interested in subsidies and
direct payments [20].

In light of literature, another aspect of importance in Polish realities is the considerable
fragmentation and the related poor profitability of agricultural undertakings. Farmers who earn little
from their farms will be inclined to sell their land and reallocate it for non-agricultural uses [45,94–98].
Therefore, intensification, proposed as a method for responding to urban expansion in Polish realities,
is not likely to be adopted by more than a few producers (though not necessarily endlessly) [48].
Therefore, as suburban areas expand, a rapid decline in agricultural land can be expected, which is
followed by a reduction in animal stocks. In Central and Eastern European countries, it was observed
that suburban land subject to speculative transactions becomes wasteland. Usually, this results in
a total and permanent discontinuation of production activities. For example, in the sub-metropolitan
area of Bucharest, 85% of the land used for development in 2010–2013 was excluded from agricultural
production for at least three years, whereas, in 2002–2005, it was only 35% [94]. This is also encouraged
by the increasing population density and migration [3]. These conclusions are confirmed in the three
biggest central cities covered by this analysis. In turn, the small share of wasteland around Poznań and
Łódź corroborates research, which found that discontinuation of agricultural production and land use
is less frequent in regions with intensive land cultivation and with high intensity and high productivity
of agricultural land [99–102]. Cities located in regions with the best agricultural land (Lublin, Wrocław)
had a medium level of wasteland. This is encouraged by the regulations for agricultural land protection,
as applicable in Poland. Top-quality agricultural land can be reallocated for non-agricultural uses
upon completing a lengthy procedure, and only if agreed by the Ministry of Agriculture and Rural
Development. The related fees are very expensive (can go beyond EUR 100,000 per hectare) [1,21].

In turn, environmental and neighborhood aspects (usually underestimated by Polish farmers) will
grow in importance. Until the mid-1990s, due to most farms being engaged in multiple production
activities and because of the small scale of suburban settlement, neighborhood conflicts were virtually
non-existent. However, in accordance with the literature, it can be expected that, as urban areas enter
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the agricultural activity zone, economic pressures as well as conflicts of interests will increase [48].
The economic realities require that farmers who intend to continue their agricultural production not
only increase their production scale but also shift to more intensive production schemes, which results
in growing agricultural nuisances. In the case of animal production, increasingly larger buffer distances
will be required. However, due to demand for suburban development, these measures may become
ineffective. Most urban residents who want to settle in the countryside are increasingly out of touch
with the agricultural reality. This makes it difficult, if not impossible, for them to fully realize the
probable intensity of externalities, even if they are informed of nearby agricultural activities when
purchasing their property. However, this does not protect the farmers from complaints about the
nuisances. Research confirms that, as the physical and social distance from agriculture grows, so do
the concerns about the impacts of agricultural production on the environment (especially water) and
its pollution, the concerns about animal welfare, and the fear of adverse consequences of agricultural
production for the quality of life for the residents [103–111]. These concerns can be limited in various
ways, including through direct communication and frequent social meetings between farmers and
non-farmers [112–114]. The farmers’ adaptability to gradual social changes resulting from the inflow
of the rural population, and from a shift in how environmental protection is perceived, which strictly
depends on how much they are attached to where they live and how much they are involved in the local
community [115,116]. In turn, a generations-long tradition of local agricultural production, combined
with the risk of losing one’s farming identity, considerably reduces the farmers’ adaptability [117,118].
The proportions between these farming groups largely affect the quality of the natural environmental
and the level of environmental services available in agricultural production areas.

The pace of the shift to non-agricultural activities will also depend on legal conditions. The caveat
emptor (let the buyer beware) principle, as applicable in North America, could reduce the number of
complaints about agricultural investments and related externalities [87,119]. In addition, it is highly
difficult to determine the inconvenience posed by odors because no standard precise methods for
odor measurement have been implemented yet [11]. In 2019, the Polish parliament proposed another
draft of what is referred to as the Odor Act. However, it did not include any standards for odors and
was limited to the proposed minimum distance of a planned agricultural undertaking [120]. Another
proposition that secures the long-term development potential of agricultural production could be to
establish farming zones with limited settlement options and a restricted ability to complain about
nuisance [69].

7. Conclusions

This study confirmed the first hypothesis, which states that the greater distance from central cities
is the cow and pig density increases. A similar trend was observed concerning the share of agricultural
land in the total area of land. The lowest livestock density was recorded in the two inner rings. From
1996 to 2010, the gap between these rings and the livestock density levels recorded in other rings
increased. Another finding is that the size of the central city has an impact on the distance from the
center at which the livestock density becomes close to the average figure for the voivodeship where the
central city is located. In the case of Warsaw, that distance was beyond the study area, i.e., over 50 km.

In turn, the second hypothesis was not confirmed. The study only corroborated the high correlation
between livestock (cow and pig) density and the share of corresponding livestock farms in the total
number of farms and the average herd size. With regard to other agricultural and socioeconomic
factors, the correlation was weak or low, except for the correlation between the entrepreneurship
indicator and pig density. The regression analysis demonstrated that the share of cow and pig farms in
the total number of farms, average herd size, residential housing density, and unemployment rate had
a significant impact on the density of animal groups considered.
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retrospektywne. J. Agribus. Rural Dev. 2012, 24, 263–272. [CrossRef]

43. Xu, W. The Changing Dynamics of Land-Use Change in Rural China A Case Study of Yuhang, Zhejiang
Province. Environ. Plan. A 2004, 36, 1595–1615. [CrossRef]

44. Kikuchi, T.; Ranaweerage, E. Research perspectives and methods on the changes of agricultural land use in
metropolitan areas. Geogr. Rep. Tokyo Metrop. Univ. 2015, 50, 117–126.

45. Wästfelt, A.; Zhang, Q. Reclaiming localisation for revitalising agriculture: A case study of peri-urban
agricultural change in Gothenburg, Sweden. J. Rural Stud. 2016, 47, 172–185. [CrossRef]

46. Libby, L.W.; Stewart, P.A. The Economics of Farmland Conversion. In Under the Blade: The Conversion of
Agricultural Landscapes; Olson, R.H., Lyson, T.A., Eds.; Westview Press: Boulder, CO, USA, 1999.

47. Bunce, M.F. Agricultural Land as a Real Estate Commodity: Implications for Farmland Preservation in the
North American Urban Fringe. Landsc. Plan. 1985, 12, 177–192. [CrossRef]

http://dx.doi.org/10.1080/00167223.2011.10669522
http://dx.doi.org/10.1111/j.1468-5876.2009.00504.x
http://dx.doi.org/10.1068/a211427
http://dx.doi.org/10.3368/le.94.4.556
http://dx.doi.org/10.1016/j.apgeog.2013.06.008
http://dx.doi.org/10.1080/09709274.2012.11906505
http://dx.doi.org/10.1016/j.compenvurbsys.2014.06.007
http://dx.doi.org/10.1111/j.1467-9787.2009.00655.x
http://dx.doi.org/10.1177/0160017604266026
http://dx.doi.org/10.1111/1467-9906.00134
http://dx.doi.org/10.1111/1468-2427.00445
http://dx.doi.org/10.17306/JARD.2012.1
http://dx.doi.org/10.1068/a36185
http://dx.doi.org/10.1016/j.jrurstud.2016.07.013
http://dx.doi.org/10.1016/0304-3924(85)90059-0


Sustainability 2020, 12, 2619 18 of 20

48. Bryant, C.R.; Johnston, T.R.R. Agriculture in the City’s Countryside; University of Toronto Press: Toronto, ON,
Canada, 1992.

49. Capozza, D.R.; Helsley, R.W. The Fundamentals of Land Prices and Urban Growth. J. Urban Econ. 1989, 26,
295–306. [CrossRef]

50. Chicoine, D.L. Farmland Values at the Urban Fringe: An Analysis of Sale Prices. Land Econ. 1981, 57, 353–362.
[CrossRef]

51. Hushak, L.J. The Urban Demand for Urban-Rural Fringe Land. Land Econ. 1975, 51, 112–123. [CrossRef]
52. Hart, J.F. The Perimetropolitan Bow Wave. Geogr. Rev. 1991, 81, 37–51. [CrossRef]
53. Clawson, M. Urban Sprawl and Speculation in Suburban Land. Land Econ. 1962, 38, 99–111. [CrossRef]
54. Lin, G.; Ho, S. China’s land resources and land-use change: Insights from the 1996 land survey. Land Use

Policy 2003, 20, 87–107. [CrossRef]
55. Ji, C.Y.; Liu, Q.H.; Sun, D.F.; Wang, S.; Lin, P.; Li, X.W. Monitoring urban expansion with remote sensing in

China. Int. J. Remote Sens. 2001, 22, 1441–1455. [CrossRef]
56. Fazal, S. The need for preserving farmland—A case study from a predominantly agrarian economy (India).

Landsc. Urban Plan. 2001, 55, 1–13. [CrossRef]
57. Brown, L. Who Will Feed China? Wakeup Call for a Small Planet; W. Norton: New York, NY, USA, 1995.
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