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Abstract: The paper focuses on the issue of the aggregation problem which is 

frequently discussed within spatial econometrics. Aggregation problem is one of 

two aspects of the modifiable areal unit problem (MAUP). The aggregation 

problem is connected with the volatility of the obtained results occurred when 

various compositions of territorial units for the same aggregation scale were 

applied. The objective of the present paper is considering the redefinition of 

aggregation problem and showing positive solution of the aggregation problem 

based on the empirical example of determining agricultural macroregions. In the 

article the aggregation problem was defined as a problem of establishment a 

particular composition of territorial units at a selected aggregation scale in a such a 

way that is remains in the quasi composition of regions within the undertaken 

research problem. The paper also presented the procedure for determining 

agricultural macroregions where the analysis of the spatial volatility of the agrarian 

structure and the current knowledge on the agriculture in Poland were applied. In 

addition, the paper considered the final areal interpretation problem connected with 

the incorrect determination of the area in relation to which final conclusions are 

drawn. The problem was presented based on the example of the establishment of 

the average concentration of the area of agricultural land in Poland with the use of 

the Gini index calculated for districts. The paper emphasised that ignoring the final 

areal interpretation problem in spatial analyses may lead to an apparent 

identification of the modifiable areal unit problem. 
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Introduction  

 The modifiable areal unit problem (MAUP) is a crucial issue that is 

given much consideration within spatial econometrics. Spatial analyses 

conducted have frequently resulted in differentiated results while 

modifying the aggregation scale. As observed, the volatility of the obtained 

results occurred also when various compositions of territorial units for the 

same aggregation scale were applied. The perceived problems have led to 

the formulation of the modifiable areal unit problem within which two 

aspects are considered - the scale problem and the aggregation problem 

(see Arbia 1998). 

 The objective of the present paper is to consider the aggregation 

problem and to redefine it. Also, a positive solution of the aggregation 

problem will be shown based on the empirical example related to the need 

for designating the borderlines of SGM macroregions in Poland. This will 

be performed for a EU system of collecting accountancy data from farms – 

the Farm Accountancy Data Network (FADN). The paper will also 

emphasize the impossibility of a positive solution of the aggregation 

problem in its separation from the undertaken research problem. In 

addition, it will be proved that a positive solution consists in designating 

precisely one composition of territorial units at the aggregation scale 

accepted for the research. That composition, being the only one, will allow 

a correct analysis of the properties of phenomena and the dependence 

between them within the research problem to be conducted. 

 The issue of the modifiable areal unit problem was already 

considered in the works of the following: Gehlke and Biehl (1934), Yule 

and Kendall (1950), Robinson (1950), Blalock (1964), Openshaw and 

Taylor 1979, Openshaw(1984a, 1984b), Reynolds (1988), Fotheringharn 

and Wong (1991), Holt, Steel, and Tranmer (1996), Tranmer and Steel 

(2001), Arbia (2006), Manley, Flowerdew, and Steel (2006), Suchecki 

(2010), Flowerdew (2011) and Pietrzak (2014a, 2014b). 

Redefining the aggregation problem  

 The issue of the modifiable areal unit problem is related to the 

character of irregular areas which are modifiable. That means that the 

arbitrarily determined shapes and space of areas may be any
1
. However, 

                                                 
1
 This opinion on the nature of irregular areas was expressed by Taylor and 

Openshaw (1979). 
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this arbitrary character of areas is only apparent. In reality the phenomena 

and dependence between them occur in social and economic systems that 

are related to the already specifically shaped areas. These systems, in turn, 

make up a larger system related to the phenomena and dependence 

occurring in areas with a higher aggregation scale.
2
 Therefore, the 

researcher’s task is to identify correctly the spatial volatility of the 

phenomena within the undertaken research problem and then, based on it, 

to determine the borderlines for the areas. The arbitrarily designated 

composition of territorial units is determined by the properties and 

dependence identified for the researched phenomena. 

 The issue of the modifiable areal unit problem appears within the 

conducted spatial analyses. There are four necessary conditions for 

ensuring the correctness of obtained results and these conditions were 

worked out by Pietrzak (2014a). The first condition assumes that a starting 

point in every analysis should be the formulation of a research problem. All 

the assumptions made for the research should be determined within the 

undertaken research problem. The basis for spatial analyses is formed of 

the data which are the realization of spatial processes
3
. The second 

condition consists in establishing an adequate aggregation scale for spatial 

data that would be appropriate for drawing correct conclusions on the 

phenomena and the relationships holding between them. The third 

conclusion requires the accepted data to be reliable. The reliability of 

spatial data is to be ensured by obtaining them from institutions specialising 

in public statistics. Conclusions are related most frequently to areas with a 

higher aggregation scale than the aggregation scale of the data possessed. 

The fulfilment of the fourth and the last condition consists in determining 

the size (boundaries) of the region in relation to which the formulated 

conclusions of the spatial analysis performed will be applied.  

 In his work, Pietrzak (Pietrzak 2014a) introduced the concept of the 

quasi composition of regions (QCR). The quasi composition of regions was 

defined as a set of compositions of territorial units, with lower and upper 

limits
4
, consisting of particular compositions of territorial units for further 

                                                 
2
 The problem of the identification of social and economic processes and the 

phenomena being shaped within them requires further theoretical consideration and 

providing more details which means going beyond the framework of the present 

paper. 
3
 The spatial process is understood here as a two-dimensional random field (see 

Arbia 1998, Pietrzak 2010a, Pietrzak 2010b, Pietrzak 2013). 
4
 Setting the lower and upper limits on compositions of areas results from the 

fact that the correctness of conclusions does not need occur for all aggregation 
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aggregation scales. Particular composition should be selected in a way that 

allows an appropriate analysis to be performed within the undertaken 

research problem. That means that within the undertaken research problem 

there is only one quasi composition of regions which allows the 

identification and description of the dependence holding for the analysed 

phenomena. 

 In the above shown subject literature the consideration of the 

aggregation problem consists in researching the volatility of results which 

is dependent on the arbitrarily accepted composition of territorial units with 

the same aggregation scale. In the author’s opinion the approach presented 

in the literature is inappropriate, since it allows analyses made on multiple 

arbitrary compositions of territorial units which do not belong to the quasi 

composition of regions. It must be emphasised that, in fact, only one 

composition ensures correct conclusions, when for the remaining 

compositions the obtained results do not have a cognitive value. That 

implication is that the results obtained for various compositions of 

territorial units within one aggregation scale are incomparable. Moreover, 

the volatility of results does not need to be verified since it has to occur 

anyway. Within incorrect compositions different properties and dependence 

get mixed between phenomena, therefore, almost any result is possible to 

be obtained. From the perspective of the undertaken research problem, the 

described volatility of results seems obvious for the researcher. 

 Pietrzak’s work (2014a) redefines the aggregation problem. Its 

redefinition was based on the aforementioned four conditions ensuring the 

correctness of analyses conducted and on the concept of the quasi 

composition of regions. The aggregation problem was defined as a problem 

of determining a particular composition of territorial units at a selected 

aggregation scale in a such a way that is remains in the quasi composition 

of regions within the undertaken research problem. A positive solution of 

the aggregation problem consists in designating a composition of territorial 

units which would ensure a correct analysis of the properties of the 

phenomena and of the dependence holding between them within the 

undertaken research problem. 

                                                                                                                 
scales. Therefore, a quasi composition of regions should be limited only to 

appropriate aggregation scales. 
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The aggregation problem based on the example of SGM 

macroregions in Poland 

 The definition of the aggregation problem presented in the 

previous subchapter indicates that it needs to be related to the empirical 

research problem. That means that only the researcher’s knowledge and 

scientific experience allow the composition of territorial units and a 

positive solution of the aggregation problem to be determined correctly. In 

the article, the aggregation problem will be presented in the light of the 

research problem which was the need for defining a composition of 

agricultural SGM macroregions in Poland
5
.  

 Defining a new composition of SGM macroregions was connected 

with Poland’s joining the European Union. The accession makes it 

obligatory for Poland to collect accountancy data from farms (the Farm 

Accountancy Data Network – FADN). The economic size (their 

profitability) of Polish farms is measured within the FADN system. The 

economic size of farms was expressed in ESU (the European Size Unit). 

The value of ESU for particular farms was calculated based on SGM 

(Standard Gross Margin) coefficients. SGM coefficients were next referred 

to SGM agricultural macroregions and, depending on the macroregion a 

given farm belonged to, they took different values. SGM macroregions 

should be differentiated by the size of agricultural production and by the 

factors which have a major impact on the production effects achieved by 

farms. In addition, SGM regions should be internally homogeneous, if 

considered by their agricultural development and culture. Since 2010 SO 

(standard output)
6
 has been the basis for determining the economic size of 

farms within FADN. The standard output measure replaced SGM. The 

introduction of SO did not bring about any changes in the agricultural 

macroregions and the composition of agricultural macroregions modified 

due to Poland’s joining the European Union is still in effect
7
.  

                                                 
5
 It is assumed that within the undertaken research problem the selected 

agricultural macroregions should differ in the scope of the underlying values of the 

agricultural variable. SGM regions should also be internally homogeneous in their 

levels of agricultural development and cultures. 
6
 The first set of the SO ‘2007’ coefficients was provided to Eurostat by the end 

of 2010 (see Goraj et al. 2010). 
7
 The problems related to agricultural macroregions, standard gross margins 

(SGM), standard output (SO), European Size Unit (ESU), Farm Accountancy Data 

Network (FADN) were also considered in the works by Goraj et al. (2010), 

Skarżyńska , Goraj, and Ziętek (2005). 
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 Prior to 2000 Poland had had four SGM macroregions. On 29 

November, 2000 due to the changes undertaken by Poland within the 

preparation for EU membership, a new act on collecting and using farm 

accountancy data was passed (Journal of laws from 2001, No. 3, item 20). 

Therefore, it was necessary to reconsider the borderlines of the SGM 

macroregions based on which Standard Gross Margins were calculated 

within the FADN system. A newly determined division into agricultural 

macroregions should allow the statistical results of the Polish agriculture to 

be presented appropriately. In consequence, a new composition of the 

following SGM macroregions was determined in Poland (see Skarżyńska, 

Goraj, Ziętek 2005):  

- the Pomorze and Mazury Region. It comprises the lubuskie, pomorskie, 

warmińsko-mazurskie and zachodniopomorskie provinces.  

- the Wielkopolska and Śląsk Region. It comprises the dolnośląskie, 

kujawsko-pomorskie, opolskie and wielkopolskie provinces. 

- the Mazowsze and Podlasie Region. It comprises the lubelskie, łódzkie, 

mazowieckie and podlaskie provinces. 

- the Małopolska and Pogórze Region. It comprises the małopolskie, 

podkarpackie, śląskie and świętokrzyskie provinces. 

 
Figure 1. Poland’s division into SGM regions 

 
Source: elaborated by the author. 
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 The existing composition of the four SGM macroregions was a 

starting point for the determination of the borderlines of the macroregions. 

In order to ensure the homogeneity of the macroregions in their levels of 

agricultural development and culture, the provinces were classified taking 

into account their degrees of similarity
8
 as regards the underlying 

agricultural properties
9
. Eventually, as a result of the conducted taxonomic 

analysis the borderlines of the SGM macroregions regions were altered. 

The lubuskie province was moved into the Pomorze and Mazury 

macroregion, and the świętokrzyskie province to the Małopolska and 

Pogórze macroregion. The borderlines of the Wielkopolska and Śląsk as 

well as of the Mazowsze and Pogórze macroregions remained unchanged. 

The borderlines of the macroregions and of the provinces comprised by 

them, which were determined in accordance with the NUTS 2 

classification, are shown in Figure 1. This composition was included in the 

annex to the Treaty of Accession of the Republic of Poland to the European 

Union. 

 The creation of the new composition of the SGM regions due to 

Poland’s joining the European Union is an example of a positive solution of 

the aggregation problem
10

. This composition is included in the quasi 

composition of regions within the undertaken research problem. The 

prepared statistics based on the SGM macroregions and the performed 

economic analyses should lead to the obtainment of correct results. 

 Despite the fact that the problem of determining the borderlines of 

SGM regions found a positive solution, the paper attempted to identify 

again the composition of SGM macroregions within the research problem 

undertaken in the same way
11

. Instead of the actually conducted taxonomic 

analysis, an analysis of spatial volatility of the agrarian structure in Poland 

                                                 
8
 For the purpose of isolating macroregions a cluster analysis was performed 

based on the division into provinces and nine diagnostic agriculturally important 

variables were assumed (see Goraj, Skarżyńska, Ziętek 2005). 
9
 The areas of provinces (NUTS2) were used for the purpose of determining the 

borderlines of agricultural macroregions. 
10

 The composition of the macroregions was adjusted to the current situation of 

the Polish agricultural sector which in the time period 1989-2000 underwent 

numerous changes. This is a significant observation since it implies that within the 

identified research problem the composition of territorial units may change over 

time. This composition will be modified if there is a change in the spatial 

differentiation of the considered phenomena and in the dependence between them. 

However, at a selected time period only one composition of territorial units can be 

correct. 
11

 The author is of the opinion that due to that the aggregation problem will be 

presented better. 
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was performed in the paper
12

. The size of agricultural farms and their 

spatial volatility constitute an important element of rational management in 

agriculture. The size of farms is important since small-sized farms are not 

capable of generating sufficient income that would enable them to function 

efficiently. Too large dispersion of farms means no possibilities for making 

progress as well as increasing unit production costs. This justifies the use of 

the analysis of the agrarian structure for the purpose of the determination of 

macroregions that are homogeneous in the levels of development and 

culture (see Michna 2005)
13

.  

The spatial volatility of the agrarian structure in Poland (the concentration 

of the area of agricultural land) will be described by means of the Gini 

coefficient
14

. The agrarian structure will be considered at a low aggregation 

scale NUTS 4 (districts) for the year 2002.
15

 The obtained values of the 

concentration of the area of agricultural land were initially divided into two 

groups by the median
16

 (Figure 2). Analysis of spatial volatility of the value 

of the Gini index allows the isolation of two regions, differentiated by the 

agrarian structure. The eastern region, with the exclusion of the warmińsko-

mazurski region, is characterized by a low concentration of agricultural 

land and the western region (including the province) is characterized by a 

high concentration of agricultural land. The indicated division shows the 

existence of a significant difference in the agrarian structure of the two 

regions
17

.  

 

 

                                                 
12

 The concept of the agrarian structure was defined very narrowly as the 

deployment of farms by their area (Bukryba-Rylska 2008; Woś 1998). 
13

 The results obtained based on the analysis of the agrarian structure should be 

coherent with the results obtained based on the taxonomic analysis conducted for 

the nine diagnostic features. 
14

 The problem of the determination of the Gini coefficient was given a 

comprehensive analysis in the work by Ceriani and Verme (2011). The area of the 

agricultural land was calculated as the total area of farms minus woodland and 

wasteland. The following area groups were taken for the calculation of the Gini 

coefficient (1-5 ha), (5-10 ha), (10-20 ha), (20-50 ha) and (50 ha and more). 
15

 This is the only step that allows the Gini coefficient to be determined on the 

level of districts. The data used were taken from the Agricultural Census made in 

2002. All data are derived from the following website: www.stat.gov.pl. 
16

 The first group was formed of districts with the concentration value below 

the designated median at the level of 0.57, and the other group of those with a 

higher value of the Gini coefficient. 
17

 That is an important argument supporting the need for undertaking the 

research problem in the form of the determination of agricultural macroregions. 
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Figure 2. Spatial volatility of the concentration of agricultural land 

 
Source: elaborated by the author. 

  

 Figure 2 presents also the division of the concentration of 

agricultural land into four classes in accordance with the quartile values. 

The analysis of the four-class division allows the confirmation of the 

existence of even larger differentiation of the agrarian structure in Poland. 

That confirms again the need for creating macroregions differentiated by 

significant features concerning agriculture and at the same time being 

internally homogeneous in the level of the development of agriculture.  

 The first step made towards the achievement of the aggregation 

problem should be an attempt to use the already existing composition of 

territorial units which may turn out to be a correct composition
18

. Since the 

number of SGM macroregions should not be composed of too many units, 

the NUTS 1 (regions) will be taken as the initial composition of SGM 

macroregions.  The composition of NUTS 1 regions was presented together 

with the spatial volatility of the agrarian structure shown in Figure 3. It can 

be observed that the NUTS 1 regions quite fit into the spatial volatility of 

the agrarian structure. Only in the case of regions 3 and 4 can we recognise 

them as heterogeneous relative to the agrarian structure. 

  

 

 

                                                 
18

 The paper assumes that the only available compositions are the compositions 

of territorial units within the NUTS classification. The composition of 

macroregions which had been used prior to 2000 will not be taken into 

consideration which is intended to provide a better presentation of the aggregation 

problem. 
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Figure 3. The composition of NUTS 1 regions and agricultural macroregions as 

compared with the spatial volatility of the agrarian structure 

 
Source: elaborated by the author. 

 

 However, the additional consideration of all of the regions by their 

levels of agricultural development and cultures allows the formulation that 

within the eastern region the lubelskie province stands out form other 

regions of the region, in the north-western region it is the wielkopolskie 

province that stands out and in the northern region - the kujawsko-

pomorskie province. The evaluation of further provinces leads to the 

isolation of four groups which share a similar degree of the development of 

agriculture. The lubuskie, pomorskie, warmińsko-mazurskie, and 

zachodniopomorskie provinces form the first group with the lowest 

intensity of agricultural production in Poland. The provinces have the 

lowest participation of agricultural land in the total possessed by private 

farms. That contributes to a high concentration of the area of agricultural 

land. What can be observed is the high share of the structure of the sown 

area of cereals and low livestock. Another group is composed of the 

dolnośląskie, kujawsko-pomorskie, opolskie, and wielkopolskie, provinces 
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where the concentration of the sown area of cereals is recorded at a high 

level. Production is conducted very intensively which is indicated by the 

highest level of the use of mineral fertilizers in Poland and the amount of 

concentrates purchased. In addition, the region is characterized by the 

highest level of qualifications possessed by farmers. The third group 

comprises lubelskie, łódzkie mazowieckie, and podlaskie provinces. Those 

provinces have agricultural farms with the average-sized area, a high 

participation of sustainable grassland and, which is related to that, high 

cattle population. The region is characterized by poor quality soil and a low 

level of fertilization. The participation of crops is high, however, the yield 

is low. All that contributes to the region’s low intensity of agricultural 

production. The last group is composed of the małopolskie, podkarpackie, 

śląskie and świętokrzyskie provinces. This region is characterized by the 

agrarian dispersion  and it has the lowest average farm area. The livestock 

population is the highest in the country, however, it is conducted on a small 

scale. The low intensity of production also results from the low intensity of 

the use of mineral fertilizers and from purchasing concentrates. Therefore, 

it must be stated that using a NUTS 1 composition for analysing 

agricultural issues will lead to incorrect results. Figure 4 shows visible 

differences between a NUTS 1 composition and the actual composition of 

SGM macroregions. 

 
Figure 4. Agricultural SGM macroregions and the NUTS 1 classified regions 

 
Source: elaborated by the author. 

 

 The rejection of a NUTS 1 composition makes it impossible for the 

existing composition of territorial units to be used. The only way to solve 

the situation is creating by the researcher a single composition that will 
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ensure the correctness of the results obtained within the undertaken 

research problem. It helps to use areas with a lower aggregation scale
19

 

while determining a single composition of territorial units individually. 

Combining such areas will give the territorial units of the composition 

being created. In the case of the determination of agricultural macroregions, 

the analysis of the spatial volatility of the agrarian structure and the 

analysis of the provinces in the scope of the level of the development of 

agriculture should be combined. The consideration of the borderlines of the 

aforementioned four groups of provinces, similar in the level of agricultural 

development and culture, indicates the homogeneity of those groups in their 

spatial volatility of the agrarian structure (Figure 5). That means that 

agricultural macroregions may be created out of the provinces belonging to 

the four distinguished groups. It turns out that the macroregions determined 

in that way (based on the analysis of the concentration of agricultural land 

and on the researcher’s knowledge and experience) overlap with the official 

composition of the SGM macroregions. This consistency results primarily 

from the connection between a region’s agrarian structure and its situation 

as regards agriculture. The faulty agrarian structure acts as a powerful 

destimulant for the appropriate changes in and development of agriculture.

  
Figure 5. The composition of the NUTS2 regions and of the agricultural 

macroregions compared against the spatial volatility of the agrarian structure 

 
Source: elaborated by the author. 

 

                                                 
19

 In the case of determining agricultural macroregions it is best to use 

provinces (NUTS 2). 
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 Unfortunately, the analysis conducted shows significant 

disproportions in the agrarian structure in Poland (Figure 5), which is 

reflected in the substantial disproportions in the level of the key variables 

of the agricultural activity. Therefore, the agricultural policy conducted by 

the state should differ depending on the macroregion. 

 The presented procedure of the determination of agricultural 

macroregions led to a satisfactory solution of the aggregation problem. The 

deepened consideration of the empirical research problem formed the basis 

for the problem solution. The implication is that the considerations were 

not limited merely to the determination of the macroregions but also 

concerned the situation in the Polish agriculture. 

Final Areal Interpretation Problem 

 

 The problem which may additionally occur within the analysis 

conducted in the paper is the final areal interpretation problem (see. 

Pietrzak 2014a). The problem concerns the situation in which the 

characteristics of the phenomena or the strength of the dependency between 

them have been determined for excessively extensive areas. That is related 

to the incorrect formulation of condition 4
20

, where an inappropriate area 

was selected based on which conclusions are drawn from the conducted 

analysis. Spatial process within the wrongly identified area lose the 

preferred properties (homogeneity and systematic heterogeneity) in relation 

to the applied measures and models
21

. A mistake made while analysing 

consists in drawing conclusions which will not be correct for the selected 

area since the accepted measures or models will not have a cognitive value. 

Avoiding the final areal interpretation problem means reducing the area of 

                                                 
20

 One of the four conditions ensuring the formulation of correct conclusions 

based on the spatial analyses conducted. The conditions were presented in the 

earlier part of the paper. 
21

 Spatial data describing the phenomena are regarded as the realisations of 

spatial processes (two-dimensional random fields, see Arbia 2006; Pietrzak 

2010a, 2010b). Within the considered structure of the internal structure of spatial 

processes we can distinguish such constituents of the structure as, for instance, the 

property of the homogeneity (spatial dependence, see Anselin 1988; Pietrzak et al. 

2014), of the systematic heterogeneity and of the unsystematic heterogeneity (see 

Pietrzak 2014a). Applying selected measures or models calls for fulfilling 

properties specific for spatial processes (see Pietrzak 2010a, 2010b, 2013). 
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analysis with a view to obtaining appropriate properties of spatial processes 

or accepting other adequate research tools. 

 In the case of the analysis performed in the paper, the final areal 

interpretation problem may occur while attempting to designate the average 

concentration of Poland’s agricultural area (the country’s area, NUTS0) 

based on the Gini coefficient for districts (NUTS4)
22

. A correct way of 

proceeding undertaken in order to avoid the final areal interpretation 

problem consists in a precise analysis of the spatial volatility of the agrarian 

structure in Poland
23

. The analysis of Figure 1 immediately indicates that 

the obtained measure (the average) does not possess a cognitive value due 

to a significant differentiation of the spatial concentration of agricultural 

land at the level of districts
24

. In the case of the phenomenon of the 

concentration of the area of agricultural land the following conclusion may 

be drawn: the analysed spatial process for the area of Poland has the 

properties of systematic heterogeneity. The applied measure (the average) 

requires fulfilling the property of homogeneity and, therefore, the values 

obtained for Poland will not have any cognitive value (see Pietrzak 2014a). 

Further analysis of the spatial volatility of the concentration of agricultural 

land (the agrarian structure) at the level of districts will allow the properties 

of the homogeneity of the provinces (NUTS2) and of the larger SGM 

macroregions to be identified. If, based on the Gini coefficient calculated 

for districts, we designate the average for a particular province or a 

particular SGM region, the result obtained should reflect correctly the size 

of the average concentration of the agricultural land for that particular area. 

 Due to the spatial volatility of the agrarian structure in Poland, 

analysis should consist of two steps. In the first step we should isolate that 

agricultural land that is homogeneous relative to the agrarian structure. 

                                                 
22

 Most frequently the Gini coefficient based on the data aggregated for the 

whole territory of Poland is designated for the needs of measuring the 

concentration of the area of agricultural land in Poland. In such a situation it is 

impossible to consider the spatial volatility of the agrarian structure in Poland. 

Comparing countries with the application of that measure becomes problematic 

since two countries with various spatial volatility may obtain the same values of 

the measure. The measure obtained in such a way is usually used in a preliminary 

evaluation of the countries under examination. 
23

 The need for conducting research on spatial volatility concerning the 

phenomena occurring within the analyses performed was discussed in the works by 

Wegenast (2010) and Roberts (1982). 
24

 In that case it does not really matter on the basis of what composition of 

territorial units and at what scale of aggregation the average concentration of 

agricultural land was calculated. All compositions lead to the obtainment of 

incorrect results which is the essence of the final areal interpretation problem. 
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These can be the four SGM areas. The second step consists in describing 

each area separately as well as the ties between the areas. This is the only 

way in which Poland’s agrarian structure can be described
25

. Table 1 

contains the average values of the Gini index calculated separately for the 

four agricultural macroregions. The volatility in the average indicates the 

differentiation of the agrarian structure and the related situation in 

agriculture depending on the accepted macroregion. 

 
Table 1. The values of the average concentration of the area of agricultural land 

and the related situation in agriculture depending on the accepted macroregion 

Makroregion rolniczy Średnia koncentracja powierzchni 

 użytków rolnych 

Region Pomorze i Mazury 0,698 

Region Wielkopolska i Śląsk 0,626 

Region Mazowsze i Podlasie 0,457 

Region Małopolska i Pogórze 0,362 

Source: elaborated by the author. 

 

 Due to the analysis of the agrarian structure in Poland conducted 

within the present paper, it is possible to formulate another research 

problem
26

 - which composition of territorial units will allow the obtainment 

of correct values of the average concentration of the area of agricultural 

land in Poland (NUTS0)
27

. The composition searched for will be designated 

based on the NUTS4
28

 areas (districts), however, it is necessary to 

determine the number of territorial units within the composition. In the case 

of the analysis of the agrarian structure and in the light of the presented 

problem of the final areal interpretation problem, the research problem 

                                                 
25

 For the purposes of statistics the average values of the basic economic ratios 

are taken into account. Then, these characteristics are used in initial comparison of 

countries relative to the scale of the analysed phenomena. 
26

 In spatial econometrics the problem was referred to by Openshaw and Taylor 

(1979) in the following form ‘The question is simply what objects and at what 

scales we wish to investigate’. 
27

 The Gini index will be calculated for all selected compositions of territorial 

units, and then, based on the values obtained, the average for the whole territory of 

Poland will be designated. 
28

 All areas of the new composition of territorial units will be composed of 

smaller NUTS4 units. 
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formulated in such a way seems to be incorrect. The incorrectness of the 

research problem results from the fact that none of the compositions of 

territorial units at any aggregation scale does not ensure the obtainment of 

correct results for the area of Poland (NUTS0). However, an attempt to 

solve the inadequate research problem
29

 leads to the obtainment of a wide 

range of results for various compositions of territorial units, which will 

result in the identification of the MAUP issue. 

 Within the research problem formulated for the purpose of the 

determination of the searched composition of territorial units, Openshaw 

and Taylor (1979) propose the possibility of generating compositions of 

territorial units in a random way within the zoning or grouping systems. 

Following that way it is possible to obtain a set of potential compositions of 

territorial units. Another step is choosing the best composition due to the 

assumed function of the purpose which is to be ensured by the use of an 

automatic zoning algorithm (see Openshaw 1977a, 1977b, 1977c).  

  
Figure 6. The compositions generated within the Zoning System 

 
Source: elaborated by the author. 

                                                 
29

 The research problem determined in that way can be undertaken and solved. 
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 However, the random choice of compositions will result in a wide 

range of the obtained values of the average concentration of agricultural 

land. In addition, the randomly generated regions should be objected by the 

researcher due to their borderlines and shapes. To illustrate that problem, 

let us assume that the generated compositions are composed of 16 areas and 

the basic unit used in the creation of areas are districts (NUTS4). Figure 6 

shows three exemplary compositions of territorial units. The first of them 

corresponds to the NUTS2 classification and the further two were created 

arbitrarily by the author
30

.  

 In addition, Figure 6 shows the spatial volatility of the 

concentration of the area of agricultural land. The arbitrarily created 

compositions depart from the NUTS2 composition significantly and show 

clearly what kinds of compositions can be obtained within the zoning 

system. Taking into consideration the spatial volatility of the concentration 

of the area of agricultural land (presented in Figure 6), the obtainment of 

various average values for each composition is obvious
31

. The average for 

the first composition is 0.51, for the second it is 023 and 0.75 in the case of 

third composition. The obtained wide range of average values for a set of 

potential compositions of territorial units leads to the conclusions on the 

identification of modifiable areal unit problem. Due to the final areal 

interpretation problem, the obtained set of potential average values will not 

have a cognitive value. The implication is that the identification of the 

MAUP is only apparent. 

Conclusions  

 The paper presents the aggregation problem, which constitutes one 

of the aspects of the issue that is frequently discussed in spatial economics 

– the modifiable areal unit problem (MAUP), one of the issues debated 

within spatial econometrics. The issue of MAUP is connected with the 

possibility of the obtainment of various results relative to changes in the 

aggregation scale or in the composition of territorial units for the same 

aggregation scale. The objective of the paper was to consider redefining of 

                                                 
30

 Such compositions can be obtained through a random generation of 

compositions of territorial units within the zoning system. 
31

 Each of the 16 areas is composed of a different number of basic units 

(NUTS4 districts). The average values are determined based on the Gini indices 

applied for of the 16 areas of the accepted composition of territorial units. 
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the aggregation problem and to show a possibility of a positive solution of 

the aggregation problem based on an empirical example. 

 In the paper the aggregation problem was considered as a problem 

of the determination of a particular composition of territorial units at a 

selected aggregation scale in such a way that it could be encompassed by a 

quasi composition of regions within the undertaken research problem. 

Therefore, a positive solution of the aggregation problem consists in 

determining a composition of territorial units which will ensure a correct 

analysis of phenomena. 

 The positive solution of the aggregation problem was presented 

based on the example of the determination of SGM macroregions in Poland 

for the needs of a EU system of Farm Accountancy Data Network – FADN. 

The SGM macroregions should be distinctively differentiated by the values 

of the variables relating to agriculture as well as should be internally 

homogeneous as concerns the development of agriculture. The paper also 

presented the procedure for determining agricultural macroregions where 

the analysis of the spatial volatility of the agrarian structure and the current 

knowledge on the agriculture in Poland were applied. The determination of 

the appropriate composition of agricultural macroregions allowed the 

aggregation problem to be solved positively. 

 Moreover, the paper considered the final areal interpretation 

problem connected with the incorrect determination of the area in relation 

to which final conclusions from the previous analysis were drawn. The 

problem was presented based on the example of the determination of the 

average concentration of the area of agricultural land in Poland (NUTS0, 

the country’s territory) with the use of the Gini index calculated for districts 

(NUTS4). The paper also emphasised that ignoring the final areal 

interpretation problem in spatial analyses may lead to an apparent 

identification of the modifiable areal unit problem. 
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