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Abstract: Agricultural development is determined by various factors, such as environmental, eco-
nomic, demographic, or social circumstances. In order to present the level of this development as 
com-prehensively as possible, a multidimensional analysis should be carried out with an appropri-
ate methodology. In this article, a taxonomic approach known as the Hellwig’s method was used to 
determine the level of agricultural development. The area of research was the territory of Poland, 
divided into voivodships, which are the main units of the administrative division of the country. 
The development of agriculture thus determined was correlated with activities pursued by the Na-
tional Agricultural Support Centre (NASC), an institution responsible for the management of agri-
cultural real estate owned by the State Treasury in Poland. The results showed that the NASC's 
activities are related to the level of agricultural development in every voivodship. The investigated 
model of rural space management was shown to be a rational one, performing well in today's mar-
ket conditions. The proposed methodology could adapt to similar situations and can be used in 
similar research on rural areas. 

Keywords: rural areas; agriculture development; Hellwig’s method; correlation; NASC; sustaina-
bility; land 
 

1. Introduction 
According to estimates, food provided by agriculture should feed 5.8 billion people, 

hence agricultural development is an important issue [1]. The Food and Agriculture Or-
ganization has declared to eliminate malnutrition and famine in the world by 2030 [2]. 
Foresight analyzed 40 projects and programs in 20 countries, between the years 1990 and 
2000; 10.39 million farmers and their families benefited from this program. Attention was 
paid to the participation of government agencies and organizations supporting socio-eco-
nomic and sustainability development (sustainability) [3].  

Innovativeness is an important factor in agricultural development as it helps to 
achieve sustainable development. However, according to the to-date research, imple-
mentation of innovative solutions depends on external and internal factors of agricul-tu-
ral development in a given country [4].  

Another important element of agricultural policy is the impact of programs, agri-
cultural reforms as well as policies on land markets and, more specifically, control over 
strategic land for food production [5]. Usually, agricultural policies do not consider the 
fact that farmers' ability to earn extra income is a determinant for maintaining sus-tainable 
land management. The possibility of securing land ownership and long-term renting, ac-
cording to the research, has an impact on the economic growth [6]. It is therefore necessary 
to increase the efficiency of land use by preventing the allocation of agricultural and for-
estry land to non-productive purposes, which necessitates the es-tablishment of public 
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administration bodies with implemented agricultural develop-ment modeling systems 
[7]. Both agricultural development indicators and respect for the right of priority in the 
acquisition of land by local communities (especially the right to forests) are important 
elements in the protection of land and its rational use [8]. Re-search in each country should 
include systematic interpretation of these factors because changes in land use affect the 
agricultural system, food supply, and product prices; therefore, such changes should be 
monitored [9]. On the other hand, the crop subsidy policy should be supervised because 
the liquidation of subsidies may lead to the abandonment of some crops [10].  

Sustainable land use requires monitoring of agricultural development characteris-
tics with the use of indicators [11–13]. Census databases are considered to be the most 
reliable sources of information, hence the data collection and exchange systems in coun-
tries around the world must be unified when comparing the level of agricultural develop-
ment [14]. Cartographic presentation of strategic data and selection of features are also 
problematic [15]. Analytical data to determine the level of agricultural devel-opment are 
important [16,17], although identification of the features that influence ag-ricultural de-
velopment has been made more difficult due to substantial changed in-duced by subsidies 
from the European Common Agricultural Policy (e.g., subsidies to areas with unfavorable 
uses that have directly affected the development of agriculture in these territories) [17]. 
Agriculture is the production of food and goods through farming and forestry; for centu-
ries, it was a key factor in the growth of human civiliza-tion [18]. The Agricultural Pro-
duction Index [19] or Agricultural Production Space Quality Indicator [20,21] are agricul-
tural statistical indices determined on the basis of agricultural census data or indicators of 
productivity and production [22]. However, the indices are not independent of each other; 
in fact, they influence each other both posi-tively and negatively, and therefore any statis-
tical method applied to determine the level of agricultural development should include 
this aspect [23]. Such dependencies are taken into account in the Hellwig's method, and 
this approach enables one to use many data and achieve clear statistical interpretation 
[24,25]. It is important to realize that agricultural development is a system of links, and 
agricultural professionals are de-veloping models of agricultural systems because there is 
a need for a new generation of tools and methods of agricultural systems [26]. These mod-
els take into account many variables while being universal and comparable with different 
mechanisms of influence on agriculture, with particular emphasis on public sector activi-
ties in agricultural de-velopment [27].    

Unlike in Western European countries, where most of the land is in the hands of pri-
vate farmers, forms of socialist land ownership were used in post-communist coun-tries. 
After transition to market economy in these countries, public institutions were established 
to take over state agricultural land and to manage these resources. Examples of such in-
stitutions are the National Agricultural Support Centre (NASC) in Poland, National Land 
Service in Lithuania, and Land Service Latvia or State Property Agency in Romania. In 
Albania, Bulgaria, the Czech Republic, Slovakia, Slovenia, and Hungary, there are state 
institutions such as committees or land funds (banks). Moreover, agri-cultural support 
institutions are established in most EU countries to deal with any changes in the privati-
zation of agriculture, new ways of financing, agricultural advisory services, or the inte-
gration of advisory institutions with research institutions. In Bel-gium, Greece, Luxem-
bourg and Slovenia, Spain, Southern Germany, Portugal, Sweden, Italy, and Switzerland, 
central government organizations are responsible for advisory services, while in the 
Czech Republic, Estonia, Ireland, Norway, Poland, Slovakia, and Hungary, advisory ser-
vices are provided by state organizations charging for certain services [28].  

The NASC was established on 01 September 2017, as the successor of the Agri-cul-
tural Property Agency (APA) and the Agricultural Market Agency. Among the many 
tasks that the NASC has been authorized to perform in the field of land management [29], 
the most important ones are listed in Figure 1. 
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Figure 1. The state has authorized the National Agricultural Support Centre (NASC) to perform the tasks; source: 29. 

The National Agricultural Support Centre implements the state policy in the follow-
ing areas: creation and improvement of the area structure of family farms and develop-
ment of strategic companies of the Treasury, implementation of innovations in agriculture 
and agri-food industry, stabilization of agricultural markets, and promotion of Polish 
agri-food products. Apart from statutory tasks, it also performs other delegated tasks. The 
main objective of the National Agricultural Support Centre is to implement tasks resulting 
from the state policy, in particular in the scope of the implementation and application of 
agricultural support instruments, active agricultural policy and rural development. The 
thematic scope of activities of the National Agricultural Support Centre is presented in 
Figure 2. 

 
Figure 2. Thematic scope of activities of the National Agricultural Support Centre. 

The main objective of the study was to determine the level of agricultural develop-
ment in Poland. In Poland, activities associated with the management of the Agricultural 
Property Stock of the State Treasury are carried out by the public institution called the 
National Agricultural Support Centre (NASC). Therefore, the authors additionally stud-
ied the relationship between changes in the level of agricultural development between 
2006 and 2018 and activities of the NASC. Based on the review of the literature [7,30–38], 
it can be concluded that advancement in agriculture entails elements concerning land use, 
socio-demographic factors, economic factors describing agriculture, and factors determin-
ing the level of agricultural production. Following the perusal of the literature, the authors 
determined which features would be reliable and usable in the study. These are integral 
environmental, social, and economic impacts on agriculture. However, there is no single 
set of characteristics to be derived from the literature that would be able to describe the 
development of agriculture; instead, there are merely indicators based on environmental, 
social, and economic impacts on agriculture, which must be reliable.  
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2. Materials and Methods  
The level of agricultural development was determined using the Hellwig's taxonomic 

method, and the NASC activities were determined based on the NASC statutory tasks and 
on quantified based on data from annual reports published by the NASC. The area of the 
research consisted of the voivodships of Poland, which are the main units of the country's 
administrative division. To determine the level of agricultural development, the authors 
used all available data from the agricultural censuses, which are a reliable source of infor-
mation because they are prepared by Statistics Poland (GUS). The GUS is the central office 
of government administration dealing with the collection and dissemination of statistical 
information on most areas of public life and some areas of private life. The data are re-
quired to be provided by the relevant legal regulations (the Act on Public Statistics and 
the Statistical Research Program announced annually). The choice of diagnostic variables 
that would allow us to provide the most complete presentation of the level of agricultural 
development was guided by two factors. Firstly, a literature analysis was carried out and 
variables that met the requirement of being usable in in taxonomic methods were selected 
[39,40]. Secondly, the decision was also influenced by data availability. Information that 
can be obtained from Statistics Poland is aggregated for different administrative levels. 
Most data can be found for the whole country; less information is available pertaining to 
single voivodships (which is the level analyzed in this study). Not all data were available 
for the year 2006, which was chosen as the first year of analysis. However, it was possible 
to collect data for 43 diagnostic variables, which refer as widely as possible to different 
aspects of agricultural development and simultaneously meet the condition of a variable 
that can be used in taxonomic methods. The list of diagnostic variables accepted for the 
analysis is presented in Table 1.   

Table 1. Diagnostic variables used in the research. 

Symbol Diagnostic Variables (Expressed as Indicators) 
X1 Share of agricultural land in the voivodship (%). 
X2 Land requiring reclamation per 100 ha of agricultural land (ha) 
X3 Non-use area per 100 ha of agricultural land (ha] 
X4 Population density in rural areas per 1km2 
X5 Rural population of working age in % of total population 
X6 Registered unemployed persons living in rural areas per 1000 people 
X7 Balance of migration in rural areas 
X8 Working in agriculture per 100 ha of farmland 
X9 Investment outlays in agriculture per 1 ha of farmland (PLN) 

X10 Gross value of fixed assets in agriculture (PLN million) 
X11 Agricultural producers entered in the producers' register 
X12 Number of tractors in agriculture 
X13 Agricultural land area per 1 tractor (ha) 
X14 Farm buildings put into use 
X15 Consumption of mineral or chemical fertilizers (NPK) per pure component (tons) 
X16 Structure of global agricultural production (Poland - 100%) (%) 
X17 Structure of agricultural commodity production (Poland - 100%) (%) 
X18 Structure of agricultural output - crop production (Poland 100%) (%) 
X19 Structure of agricultural output - animal production (Poland 100%) (%) 
X20 Structure of agricultural commodity production - plant production (Poland 100%) (%) 
X21 Structure of agricultural commodity production - animal production (Poland 100%) (%) 
X22 Area sown (thousand ha) 
X23 Area of grain sown (thousand ha) 
X24 Area of rape and colza seeding (thousand ha) 
X25 Potato cultivation area (thousand ha) 
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X26 Sugar beet cultivation area (thousand ha) 
X27 Harvest of cereals (thousand tons) 
X28 Rape and colza harvest (thousand tons)  
X29 Potato harvest (thousand tons) 
X30 Sugar beet harvest (thousand tons) 
X31 Area of ground vegetable crops (thousand ha) 
X32 Harvest of ground vegetables (thousand tons) 
X33 Fruit tree cultivation area (thousand ha) 
X34 Fruit harvests from trees (thousand tons) 
X35 Slaughterhouse livestock production per 1 ha of farmland (kg) 
X36 Cow's milk production per 1 ha of farmland (liters) 

X37 
X38 
X39 
X40 
X41 
X42 
X43 

Production of hens' eggs per 1 ha of farmland (units) 
Purchase value of agricultural products - plant products [million PLN] 

Purchase value of agricultural products - animal products [million PLN] 
Total purchase value of agricultural products per 1 ha of agricultural land [PLN] 

Purchase of agricultural products converted into grain units per 1 ha of agricultural land [dt] 
Revenue of local government budgets from agricultural tax [PLN million] 

Amount of realized payments within the framework of direct payments to agricultural land [thousand 
PLN] 

Our review of the literature indicated that linear ordering methods are most often 
used in studies similar to ours. As a result, the Hellwig’s method, an approach proposed 
in 1968 by the Polish scientist Zdzisław Hellwig, was chosen for this study. This method 
is common in such type of research [25,30,41–50]. The Hellwig’s method is based on the 
calculation of a synthetic development index which allows the user to present a situation 
of diversity in the level of the phenomenon studied, covering many categories, e.g., eco-
nomic, social, ecological, and spatial ones [51,52]. The adopted research methodology is 
characterized by great transparency, as the results can be presented with a single numer-
ical value. This is a great advantage of this method and a premise for its selection [53]. The 
construction of a synthetic developmental index requires several stages, starting from the 
selection of a set of objects and diagnostic variables, through normalization of features, 
determination of stimulants and destimulants, to the calculation of the index value as a 
distance from the constructed developmental index. 

The numerical description of the set of objects can be presented in the form of an 
observation matrix 

X =  ൥𝑥ଵଵ ⋯ 𝑥ଵ௠⋮ ⋱ ⋮𝑥௡ଵ ⋯ 𝑥௡௠൩ , (1)

where xij means the value of the j-th variable for the i-th object (i = 1, 2,…, n; j = 1, 2,…,m). 
For the collected diagnostic variables, it should be examined whether these variables 

are characterized by sufficiently high variability by eliminating quasi-constant variables. 
For this purpose, the coefficient of variation V can be calculated for each j-th variable. Its 
value is a relative measure of dispersion, and it is calculated by using Equation (2) below. 𝑉௝ = ௌೕ௫̅ೕ  , (𝑗 = 1, … , 𝑚), (2)

where: 𝑥̅௝ – the arithmetic mean of the j–th variable (3), Sj – standard deviation for the j-
th variable (3) 𝑥̅௝ = 𝑛ିଵ ∑ 𝑥௜௝௡௜ୀଵ , (𝑖 = 1, … , 𝑛); 𝑆௝ =  ට𝑛ିଵ ∑ ൫𝑥௜௝ − 𝑥̅௝൯ଶ௡௜ୀଵ , (3)

From the set of variables, unequal variables can be eliminated. 
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ห𝑉௝ห ≤ 𝑉∗ (4)

where V * is the critical value of the variation coefficient. The value of V* was arbitrarily 
set at 0.10.  

Afterwards, the strength of the relationship between the other variables should be 
tested. For this purpose, the correlation between variables must be determined with the 
value of the Pearson coefficient. Highly correlated variables are removed from the data 
set (Pearson's coefficient >0.9) [54]. 

The Hellwig’s method requires the linearity of diagnostic variables. Therefore, covar-
iance should be calculated, which is a measure of the joint variability of two random var-
iables. The covariance of variables shows how variables are linearly related to each other. 
Positive covariance indicates a positive linear relationship between variables, while neg-
ative covariance indicates the opposite. If the variables are not linearly related, the covar-
iance value is close to zero. The covariances must be calculated for the analyzed variables.  

In the next step, the variables must be unified. To unify variables, the characteristics 
should be normalized by standardizing it, according to Equations (2) and (4). 𝑍௜௝ = ൫௫೔ೕି௫̅ೕ൯ௌೕ  , (𝑗 = 1, … , 𝑚), (5)

where: x̅j is the arithmetic mean of j-th variable (3) and Sj is the standard deviation for the 
j-th variable (3). This way, a matrix of standard values of the Z characteristics is obtained 
in Equation (6) below. 

Z =  ൥𝑧ଵଵ ⋯ 𝑧ଵ௠⋮ ⋱ ⋮𝑧௡ଵ ⋯ 𝑧௡௠൩, (6)

where zij is a standardized value of xij. 
The matrix (6) formed is the basis for determining the reference object P0. It is an 

abstract object (e.g., a city) with standardized values z01, z02,…,z0j, where: ቆ 𝑧଴௝ =  max௜ 𝑧௜௝, when X୨ is a stimulant𝑧଴௝ =  min୧ z୧୨, when X୨ is a destimulantቇ (7)

The P0 object obtained in this way is treated as a development pattern. 
In the next step, the Euclidean distances of the tested objects from the determined 

pattern should be calculated. This can be completed based on Equation (8). 𝐷௜଴ = ට∑ ൫𝑧௜௝ − 𝑧଴௝൯ଶ௠௝ୀଵ ,   (8)

For the D10, D20,…,Dn0 distance values obtained in this way, the average value should 
be calculated (9). 

𝐷ഥ଴ = 𝑛ିଵ ෍ 𝐷௜଴௡
௜ୀଵ  (9)

As well as standard deviation (Equation (10)): 

𝑆଴ = ඩ𝑛ିଵ ෍(𝐷௜଴ − 𝐷ഥ଴)ଶ௡
௜ୀଵ  (10)

The level of sustainable development is obtained from Equation (11) below. 𝑑௜ = 1 − ஽೔బ஽బ  , (11)
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where: 𝐷଴ = 𝐷ഥ଴ + 2𝑆଴, (12)

A string of d1, d2,…, dn values is obtained in this way, using the range (0,1). 
The higher the measure of the di value of the tested object (i.e., its values are close to 

the pattern), the higher its level of agricultural development is. The lower the di value is 
(i.e., the values of the tested object are further away from the pattern), the lower its level 
of agricultural development. 

Two parameters of the taxonomic measure can be used to classify the examined ob-
jects, according to the level of agricultural development: a geometric mean (di) and stand-
ard deviation (Sdi). Six agricultural development classes of voivodships can be distin-
guished in this way, depending on the value of di: 
• 6th class (the lowest level of agricultural development): di < di-2Sdi 
• 5th class (low level of agricultural development): di-2Sdi ≤ di < di-Sdi 
• 4th class (medium level of agricultural development): di-Sdi ≤ di < di 
• 3rd class (medium-high level of agricultural development): di ≤ di < di+Sdi 
• 2nd class (high level of agricultural development): di+Sdi ≤ di < di+2Sdi 
• 1st class (the highest level of agricultural development): di ≥ di+2Sdi 

The measure of the relationship between variables in statistics is correlation. It is de-
termined by the correlation coefficient. Strength of correlations or strength of the relation-
ship between two variables interpreted according to J.Guilford Classification [54]: 
• level 0 - |r|=0 – no correlation 
• level I – 0.0<|r|≤0.1 - weak correlation (practically no relation) 
• level II – 0.1<|r|≤0.3 - low correlation (clear relation) 
• level III – 0.3<|r|≤0.5 - moderate correlation (significant dependence) 
• level IV - 00,5<|r|≤0,7 - high correlation (significant relationship) 
• level V – 00.7<|r|≤0.9 - correlation very high (very high dependence) 
• level VI 0.9<|r|<1.0 - correlation almost complete 
• level VII - |r|=1 - full dependence 

This article will examine the strength of correlations between the NASC's activities 
and data on the socio-economic level of voivodships. 

To determine the impact of the activities pursued by the NASC on the development 
of agriculture, the authors used the NASC source data published for public scrutiny in the 
NASC annual reports.  

Table 2 contains data on the activities of the NASC in the field of land management 
of the land owned by the State Treasury until 2006 and Table 2 contains activities until 
2018.  

Table 2. Activities of the National Agricultural Support Centre in the field of land management of Table 2006. 

Voivodship Admitted to the 
State Treasury  

Sold 
Transferred 

Free of 
Charge  

Contributed 
to Compa-

nies 

Divested in 
Other 
Forms 

Rest of the Land 
Owned by the State 

Treasury 
Dolnośląskie 495,378 157,316 27,348 2,745 2,844 305,125 

Kujawsko-pomorskie 274,846 79,183 28,738 1,135 17,120 148,670 
Lubelskie 189,979 90,494 12,780 179 1131 85,395 
Lubuskie 354,085 115,420 25,980 293 1286 211,106 
Łódzkie 79,607 39,813 2395 505 31 36,863 

Małopolskie 39,228 14,324 3523 564 52 20,765 
Mazowieckie 117,720 53,364 6229 615 1292 56,220 
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Opolskie 179,927 52,544 5425 520 133 121,305 
Podkarparckie 152,525 75,287 19,692 254 516 56,776 

Podlaskie 127,983 41,986 13,119 106 4125 68,647 
Pomorskie 432,053 188,597 24,383 1034 5555 212,484 
Śląskie 86,292 23,727 4815 191 33 57,526 

Świętokrzyskie 50,164 22,350 1906 49 158 25,701 
Warmińsko-mazurskie 818,065 334,116 42,712 1719 4535 434,983 

Wielkopolskie 499,543 147,594 38,519 4942 1390 307,098 
Zachodniopomorskie 820,545 257,869 47,675 934 23,294 490,773 

Total 4,717,940 1,693,984 305,239 15,785 63,495 2,639,437 

The data from Tables 2 and 3 on land sold, transferred free of charge, contributed to 
the companies, and divested in other forms will be used to determine the correlation with 
the changes in the level of social and economic development in the voivodships of Poland, 
created with the Hellwig’s method. The case of Poland is interesting because agricultural 
development in the post-communist countries was the responsibility of the State Agricul-
tural Enterprises (SAE). After the political transformation in Poland, state agencies were 
established to take care of the land owned by the State Treasury. The agency preceding 
the NASC not only supervised the sale of agricultural land, but was also involved in the 
social activation of former state farm communities. Currently, the NASC plays an im-
portant role in agricultural land management. Due to legal constraints imposed on land 
sales (item in Tables 1 and 2), which protect farmers from uncontrolled land buyout and 
ensure the safety of food production for society, it mainly leases land (the activity is de-
scribed as “divested in other forms” in Tables 1 and 2). However, it still has an important 
social impact as it has the possibility to transfer land free of charge for social purposes 
(item in Tables 2 and 3) or to transfer it as a contribution to companies (also item in Tables 
2 and 3), which is one of its statutory tasks. This role of the NASC in agriculture should 
be correlated with social and economic development; these activities should have an im-
pact on rural development.  

Table 3. Activities of the National Agricultural Support Centre in the field of land management of Table 2018. 

Voivodship  
Admitted to 

the State 
Treasury  

Sold 
Transferred 

Free of 
Charge  

Contributed 
to Compa-

nies 

Divested in 
Other Forms 

Rest of the Land 
Owned by the State 

Treasury 
Dolnośląskie 508,872 262,450 37,539 10,564 4,514 193,805 

Kujawsko-pomorskie 276,025 132,994 33,078 1198 25,782 82,973 
Lubelskie 189,656 132,842 15,349 213 4288 36,964 
Lubuskie 354,920 215,401 29,697 352 10,632 98,838 
Łódzkie 79,727 55,729 3777 505 1103 18,613 

Małopolskie 39,286 18,834 5244 569 661 13,978 
Mazowieckie 118,791 78,616 7999 635 2687 28,854 

Opolskie 181,662 103,521 10,148 607 618 66,768 
Podkarparckie 153,824 104,429 21,730 258 1080 26,327 

Podlaskie 128,430 65,635 14,726 113 16,089 31,867 
Pomorskie 431,559 278,909 30,163 1041 29,611 91,835 
Śląskie 87,117 41,338 9287 207 526 35,759 

Świętokrzyskie 50,563 37,141 2631 56 624 10,111 
Warmińsko-mazurskie 822,192 508,395 47,709 1748 115,249 149,091 

Wielkopolskie 499,971 235,187 43,687 5470 10,501 205,126 
Zachodniopomorskie 821,433 440,879 53,691 943 47,896 278,024 

Total 4,744,028 2,712,300 366,455 24,479 271,861 1,368,933 
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3. Results and Discussion  
Following the methodology presented in the previous chapter, to achieve the re-

search objectives set in the article, the first step was to determine the level of agricultural 
development and its changes in the years 2006-2018 in each of the 16 voivodships in Po-
land. 

The process of verifying the indicators for usefulness and usability in the Hellwig’s 
method, described in Section 2, involves the rejection of indicators based on the require-
ments of the method and consists of three stages: 
• Rejection of indicators with a low variation coefficient; for the year 2006—1 rejected 

indicator (X5); for the year 2018—1 rejected indicator (X5) 
• Rejection of indicators with a high level of correlation—the Pearson's linear correla-

tion analysis for the year 2006—8 rejected indicators (X15-X20, X22, X23); for the year 
2018—9 rejected indicators (X14-X20, X22, X23) 

• Verification of linearity of diagnostic variables—covariance analysis; for the year 
2006—1 rejected indicator (X2); for the year 2018—1 rejected indicator (X2)  
The results obtained from the calculations are presented in Figure 4 and Table 4. 

Table 4. Results of the research. 

 Voivodship  di for 2006 
Class for 

2006 
Ranking for 

2006 di for 2018 
Class for 

2018 
Ranking for 

2018 
Change in the 

Ranking 
1 Dolnośląskie 0.246602 4 7 0.26522 4 6 -1 
2 Kujawsko-pomorskie 0.365493 3 4 0.341738 3 5 1 
3 Lubelskie 0.345213 3 5 0.364582 3 3 -2 
4 Lubuskie 0.080361 5 16 0.08352 5 16 0 
5 Łódzkie 0.366992 3 3 0.349937 3 4 1 
6 Małopolskie 0.257784 4 6 0.248545 4 8 2 
7 Mazowieckie 0.525859 1 2 0.598584 1 1 -1 
8 Opolskie 0.187966 4 10 0.223452 4 9 -1 
9 Podkarpackie 0.196794 4 9 0.167044 4 14 5 

10 Podlaskie 0.179418 4 11 0.206057 4 11 0 
11 Pomorskie 0.177769 4 12 0.260416 4 7 -5 
12 Śląskie 0.172095 4 13 0.190522 4 12 -1 
13 Świętokrzyskie 0.200894 4 8 0.215168 4 10 2 
14 Warmińsko-mazurskie 0.146445 4 14 0.186128 4 13 -1 
15 Wielkopolskie 0.531171 1 1 0.579058 1 2 1 
16 Zachodniopomorskie 0.145661 4 15 0.148826 4 15 0 

It is surprising that the Hellwig’s classes in both 2006 and 2018 are the same. Two 
voivodships, Wielkopolskie and Mazowieckie, are in the first, best class distinguished ac-
cording to the Hellwig’s classification. There is no voivodship in the second class, while 
Kujawsko-Pomorskie, Lubelskie, and Łódzkie are in the third class. Lubuskie is in the fifth 
class, and the other voivodships fall in the fourth class. The authors established a ranking 
based on the parameters described above in order to compare changes in the level of ag-
riculture. There are some evident shifts, for example Pomorskie Voivodship dropped by 
five classes or Podkarpackie Voivodship rose by five classes. No such spectacular changes 
occurred regarding the position of the other voivodships. The classification of Lubuskie, 
Podlaskie, and Zachodniopomorskie remained unchanged. 

The second step was to determine the NASC’s activities that may be related to the 
level of agriculture. Data from Tables 2 and 4 were used to create Figure 3, displaying land 
management activities in the years 2006-2018. 
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Figure 3. Management of agricultural land by the NASC in Poland, divided into voivodships, be-
tween 2006 and 2018. 

The largest sale of land occurred in Warmińsko-Mazurskie and Zachodniopomorskie 
Voivodships, with over 170 thousand hectares sold. A moderate level of sales was 
achieved by Wielkopolskie, Pomorskie, and Dolnośląskie Voivodships, where between 90 
and 105 thousand hectares were sold; the remaining voivodships did not sell more than 
55 thousand hectares each. With land transferred free of charge to municipalities, mainly 
for social purposes, most of the land was given away in Dolnośląskie Voivodship, whereas 
the remaining voivodships most often donated above 1 thousand hectares, not exceeding 
6 thousand ha, except Świętokrzyskie Voivodship, where only 725 hectares were trans-
ferred. Land “contributed to companies” is the group of activities where the least land 
was transferred, except Dolnośląskie Voivodship (7819 hectares) and Wielkopolskie Voi-
vodship (528 hectares). The level of support to companies did not exceed 65 hectares do-
nated to a company, and no land was transferred under this category in Łódzkie Voivod-
ship. With respect to land permanently disposed of in other forms, more than 100,000 
hectares of land were transferred in Warmińsko-Mazurskie Voivodship, which can be 
considered an exceptional case.  

Pomorskie and Zachodniopomorskie Voivodships each donated 24 thousand hec-
tares and Podlaskie, Lubuskie, Wielkopolskie, and Kujawsko-Pomorskie Voivodship each 
donated between 8 and 9 thousand hectares; in the remaining voivodships, less than 1.5 
thousand hectares were donated, with the exception of Lubelskie Voivodship, where 3 
thousand hectares were donated. Between 2006 and 2018, most land was sold in 
Zachodniopomorskie and Warmińsko-Mazurskie Voivodships, while most land free of 
charge was transferred in Dolnośląskie Voivodship. As for the category “contributed to 
companies,” most land was transferred in Dolnośląskie Voivodship, and most “divested 
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of in other forms” (usually lease) land was recorded in Warmińsko-Mazurskie Voivod-
ship.  

If we sum up all the activities from 2006 to 2018, the NASC Field Branch in Olsztyn 
generated the largest amount of trade in agricultural land, involving more than 290 thou-
sand hectares. Field branches in Szczecin and Koszalin, which manage the land in 
Zachodniopomorskie Voivodship, traded 213 thousand hectares. The field branches in 
Pruszcz Gdański, Gorzów Wielkopolski, Poznań, and Wrocław achieved a transfer of just 
over 100 thousand hectares. The remaining field branches were below this figure.  

Comparing the statistical data of agricultural land transfer from individual voivod-
ships (Tables 2 and 3) regulated by the NASC with the data on agricultural development 
in these areas obtained by the Hellwig’s method (Table 4), the following results were ob-
tained (also illustrated in Figure 4). 

 
Figure 4. Correlation of the level of agricultural development determined by the Hellwig’s method with the NASC activ-
ities. Source: the authors. 

Since the agricultural level classes did not change between 2006 and 2018, the ranking 
of the voivodships in 2006, 2018, between 2006 and 2018, as well as changes in the ranking 
were based on raw "di" data. “Contribution to companies” always negatively correlated 
and the other NASC activities always positively correlated, except for the change in the 
ranking. “Contribution to companies” is the least active way of land management and, 
therefore, its impact on the level of agricultural development is not demonstrable. How-
ever, the impact of the sale, lease or free transfer of land is visible. When the rankings are 
compared, it emerges that as the NASC activity increases, so does the level of agriculture 
in a given voivodship. 

However, while comparing changes in the rankings, the correlation proves to be in-
versely proportional, which means that the NASC activities were conducted mainly in 
areas where the level of agriculture was the lowest. This proves that the measures were 
addressed mainly to the weakest voivodships and have been implemented consistently; 
therefore, the position in the rankings of voivodships where there is a large range of land 
transfer is improving. According to J. Guilford’s scale, the 2006 ranking was at level III, 
i.e., moderate correlation (significant dependence), except for paid transfers in other 
forms, where the correlations with the 2006 ranking reached level II, i.e., low correlation 
(clear relation). In the 2018 ranking with free contributions to companies, it is at level II, 
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i.e., low correlation (clear relation). Land sold and transferred in other non-free forms 
reached level III, i.e., moderate correlation (significant relation). If we compare the data 
on agricultural development with the data from the 2006-2018 ranking, we observe level 
III of correlation, i.e., moderate correlation (significant dependence), except for contribu-
tion to companies, which is at level II of correlation (clear relation). If we compare it with 
a change in the ranking, all the features will be at correlation level II, except for transfer 
free of charge, which was at correlation level III, i.e., a significant correlation. However, if 
we use the scale described by Cohen [55], the correlation for transfer free of charge will 
even reach level four, i.e., 0.43, which is a high correlation (significant relationship). 

4. Conclusions 
The methodology used in the research is applied to determine the level of agricul-

tural growth [56–59] (used the findings from these studies to build the matrix of diagnostic 
features used—tab 1), although it is also useful to study the level of social and economic 
development [30,] and the level of sustainable development [30,56,]. The National Agri-
cultural Support Centre may have an impact on the level of agriculture achieved [60–67]. 
The conducted research justifies the following final conclusions, where the results ob-
tained are summarized: 
• The proposed methodology can be used in similar research on rural areas. The con-

ducted research confirmed the suitability of the Hellwig's method for determination 
of the level of agricultural development in a given voivodship. This method can also 
be used to assess the level of development of any administrative unit (e.g., in Poland, 
these are municipalities, districts, and voivodships). It can be also used to determine 
and compare the level of development of different countries. By changing the range 
of diagnostic variables, it is also possible to assess the level of social, economic, or 
sustainable development using the Hellwig's method. It is only necessary to select an 
appropriate range of variables in each case. The level of development obtained in this 
way can be correlated with the activities of various institutions or organizations (a 
given country, the EU, or local authorities) in order to determine the relationship be-
tween such activities and a particular level of development. 

• The results obtained in this study showed that the NASC's activities are related to 
the level of agriculture development in individual voivodships. It was shown that 
such a model of land management is reasonable and performs well in today's market 
conditions. 

• Agricultural development level indicators should be correlated with institutional 
public actions. This justifies and confirms the validity of the activities conducted by 
such public institutions. The results obtained in the research can be used by public 
institutions, e.g., when reporting their activities and applying for funds for the next 
years of their activity. 

• The NASC activities have an impact on the level of agriculture development in Po-
land. The results obtained indicate that the voivodships with higher NASC activity 
are better evaluated in terms of agricultural development. 

• The impact of programs, reforms, and agricultural policies on the land markets is 
visible because legal changes in Poland have given preference to land lease over land 
sale.  

• The right of priority and the right of pre-emption enables the NASC to acquire stra-
tegic land, owing to which the NASC is in control of strategic land for food produc-
tion, maintenance of sustainable land management, securing land ownership and the 
possibility of its long-term use in a specific way, combating climate change, ensuring 
food safety, or preventing environmental degradation, which can all be seen as 
thoughtful measures undertaken to reduce the risk of abandonment of business 
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activity. The concept of multifunctional land use supports the NASC's modeling sys-
tem through economic and social monitoring.  
Determination of the level of agricultural development and identification of factors 

influencing the dynamics of change are important for the proper functioning of any coun-
try. Agricultural land management systems are supported by the activities of various state 
institutions. The proposed research methodology can be used to study relationships be-
tween the activities of state institutions and the level of agricultural development. The 
proposed methodology could adapt to similar situations and can be used in similar re-
search on rural areas, so the authors plan further experiments to confirm this hypothesis 
in future work. 
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