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Abstract: Land consolidation procedures are an attempt to comprehensively change the 
existing spatial structure of land in rural areas. This treatment also brings many other 
social and economic benefi ts, contributing to the development of consolidated areas. Land 
consolidation in mountain areas differs in many respects from those implemented in areas 
with more favorable conditions for the functioning of agriculture. The unfavorable values 
of land fragmentation indices, terrain conditions and lower than the average soil quality 
affect both the dominant forms of agricultural activity and the limited opportunities 
to improve the distribution of plots in space, parameters of shape, and the area as 
a result of land consolidation. For this reason, the effectiveness of land consolidation in 
mountain areas can be achieved by improving the quality of transportation network and 
the accessibility of the plots, arranging ownership issues and improving the quality of 
cadastral documentation.
This article presents the evaluation of the measures of effectiveness of land consolidation 
realized in mountain areas on the example of Łetownia Village in the Małopolska 
Province, located in the southern part of Poland. Selected village is an area with 
unfavorable conditions for the functioning of agriculture and high values of land 
fragmentation indices.
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1. Introduction

High fragmentation of spatial structure is one of the most important factors that 
have negative impact on economical aspects of agriculture functioning (Manjunatha 
et al., 2013, Rahman and Rahman, 2009). Unfavorable shapes and sizes of plots 
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signifi cantly lower possible income (Gonzalez et al., 2007), what is also true for 
homesteads characterized by long distances between its elements  (Found, 1970). 
Gradual deterioration of rural areas spatial structure is a result of multigenerational 
changes. Most often, the changes are caused by land inheritance, very seldom 
they result from selling fragments of existing lands. An important role in land 
fragmentation is also played by spatial distribution of soils of different quality 
(Sklenicka and Salek, 2008). This caused, even at the beginning of villages 
development, initial fragmentation of a homestead into sections based on different soil 
suitability for crops. Finally, the demographic changes have additional impact on land 
fragmentation indices.

Complex changes of the plots spatial structure can be achieved through land 
consolidation processes (Pašakarnis and Maliene, 2010; Markuszewska, 2013). 
However, the procedures of their implementation vary in different countries. The 
dissimilarities are caused by different legislature as well as social and historical 
factors (Vitikainen, 2004). Because of the differences in the processes and the 
types of consolidation works it is diffi cult to objectively compare and assess 
their effectiveness (Janus and Markuszewska, 2017). There are however certain 
characteristics that allow to determine universal categories of consolidation processes 
including: factors describing village settlement type, type of built-up area, type of 
agricultural production, geographical coeffi cients, as well as social and demographical 
conditions. The villages located in mountain and submountain areas possess most of 
these characteristics. The indices of land fragmentation are generally less favorable in 
these areas, the quality of soils is relatively poor, and semi-subsistence farms prevail. 
Consequently, land consolidation works require different approach. Most often, their 
main purpose is not rising farming profi tability but improving the non-economic 
conditions of homesteads functioning, such as developing the density and quality of 
transportation network  (Paige-Green, 2006), road accessibility  (Janus et al., 2017), 
preventing water erosion, and organizing cadastral documentation. The ecological 
aspects of land fragmentation in such areas can also be shaped during consolidation 
processes (Zhang et al., 2012; Yin et al., 2011). The abovementioned categories should 
also be applied to accomplished consolidation works, but it is relatively diffi cult to 
represent them with measurable indicators.

2. Land fragmentation indices

A set of different approaches and methods can be used to assess structural changes 
that took place in a village and which resulted from land consolidation works. Land 
fragmentation indices are used most frequently (Bentley, 1987). The indices can have 
various forms: from relatively simple, which take into account the number of plots 
and their sizes, to complex, which consider also the shapes of plots and their spatial 
distribution (Gonzalez et al., 2004). The most complex indices allow for a synthetic 
analysis of a wide spectrum of factors, including for example road accessibility 
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(Demetriou et al., 2013). A separate category of indices assesses the costs of farming 
which are affected by the areas and shapes of plots (Janus et al., 2016). Other 
approaches consider social (Cay et al., 2010), environmental (Zhang and Zhao, 2007), 
and landscape factors (Muchová and Petrovič, 2010).

The suggested attempt in assessing the effects of land consolidation works that 
took place in mountain areas is based on quantitative evaluation of various aspects. 
The fi rst one was the change in values of four chosen indices. Two of the most 
frequently used indices consider the number of plots and their areas: Simpson index  
(Blarel et al., 1992) and Januszewski index (Januszewski, 1968). The other two take 
into account spatial distribution of plots in homesteads: average distances of hectares 
index (avdhai) and grouping index (Latruffe and Piet, 2014). 

The second aspect of the assessment considers the changes that took place in 
transportation network of the areas involved in consolidation works. The analysis of 
transportation network is not only an element of consolidation works assessment, but 
also a tool used in spatial analyses of areas in which consolidation works should be 
implemented (Janus and Taszakowski, 2015). In this study the changes in the intensity 
of road inaccessibility phenomenon were measured along with changes in the length 
and density of the network.

The third aspect of this study is to show changes in the boundary shape of built-
up areas. Such areas are generally excluded during the reorganization of plots through 
land consolidation. The only exception is the new measurement of the boundaries. 
This set of data represents the effects that consolidation works have on cadastral data 
updating.

3. Case study

The area studied is a part of Łetownia Village located in southern, mountain part 
of Poland. Land consolidation works took place there in years 2010–2014. Before 
consolidation, the area of 981 ha was fragmented into 5356 plots. The location 
of the area is shown in Figure 1. Figure 2 shows plots structure before and after 
consolidation, relief map, slope map, and orthophotomap. The area that underwent 
consolidation consists of ordinary homesteads as well as numerous lands belonging 
to non-agricultural owners and institutions. Therefore, it was not desirable to calculate 
the parameters of fragmentation for the entire dataset as it would not show correctly 
the results of structural reorganization of the plots used for agricultural purposes only. 
For this reason, the analysis was narrowed to a data set that comprises 10 largest 
homesteads with farmsteads identifi ed in the analyzed area.
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Fig. 1. Location of the study area in Europe and in Poland

 

Fig. 2. Chosen aspects of the spatial structure of lands in the study area
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4. Results

The fi rst stage in the computational process was to calculate the values of selected 
fragmentation indices for the plot structure before and after consolidation. Spatial 
analysis tools used as part of the MkScal software package (Janus and Zygmunt, 2016) 
were used for this purpose. The distribution of land selected for the analysis of the 
largest homesteads is shown in Figure 3. The basic parameters of the fragmentation 
of these homesteads are shown in Table 2. The obtained values of the fragmentation 
indices are shown in Table 3.

 

Fig. 3. Distribution of plots belonging to the analyzed group of 10 largest homesteads 
and an example of changes to this distribution as a result of land consolidation

Table. 1. Values of selected parameters of chosen homesteads before and after consolidation

Area  [ha] No. of plots Average plot area  [ha]
Farm id A B Δ  (%) A B Δ  (%) A B Δ  (%)

155 5.23 8.22 57.17 52 28 -46.15 0.1 0.29 190.00
346 5.36 6.07 13.25 55 32 -41.82 0.1 0.19 90.00
364 3.97 3.43 -13.60 44 12 -72.73 0.09 0.29 222.22
450 2.72 2.6 -4.41 42 9 -78.57 0.06 0.29 383.33
451 5.04 5.08 0.79 44 19 -56.82 0.11 0.27 145.45
452 6.33 6.19 -2.21 66 20 -69.70 0.1 0.31 210.00
453 4.25 4.06 -4.47 38 18 -52.63 0.11 0.23 109.09
695 3.08 2.99 -2.92 38 13 -65.79 0.08 0.23 187.50
702 15.98 15.95 -0.19 51 17 -66.67 0.31 0.94 203.23
739 5.46 6.85 25.46 40 38 -5.00 0.14 0.18 28.57
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Changes in the area of homesteads during the process of land consolidation are most 
often caused by the simultaneous trade of land between owners (sometimes with the 
use of state or local land) and by merging or dividing the land within one family. 
Statistically, these are not major changes and this is also true for the analyzed group 
of homesteads. Signifi cant changes (over 20%) affected only two homesteads; in one 
case it was an increase of more than 50%. The reduction in the number of plots in 
the analyzed group of homesteads is similar and ranges from 41.82% to 78.57%. 
Analogous variability refers to the average area of plots. It increased in size (also 
with one exception) in the range of 90% to 383%.

Table. 2. Values of selected fragmentation indices in the analyzed group of homesteads before 
and after consolidation

Simpson index Januszewski index Average distances of 
hectares index Grouping index

Farm id A B Δ  (%) B A Δ  (%) A B Δ  (%) A B Δ  (%)
155 0.04 0.07 75.00 0.15 0.21 40.00 0.41 1.23 200.00 5.68 11.82 108.10
346 0.06 0.06 0.00 0.16 0.2 25.00 0.69 0.7 1.45 8.58 17.1 99.30
364 0.04 0.11 175.00 0.16 0.3 87.50 0.57 0.51 -10.53 8.02 8.93 11.35
450 0.05 0.16 220.00 0.17 0.35 105.88 0.46 0.46 0.00 8.03 7.35 -8.47
451 0.04 0.06 50.00 0.16 0.24 50.00 0.55 0.54 -1.82 8.06 8.13 0.87
452 0.03 0.06 100.00 0.13 0.23 76.92 0.59 0.58 -1.69 12.37 12.72 2.83
453 0.04 0.08 100.00 0.18 0.25 38.89 0.47 0.47 0.00 8.16 8.42 3.19
695 0.06 0.1 66.67 0.18 0.29 61.11 0.49 0.51 4.08 8.05 7.54 -6.34
702 0.27 0.27 0.00 0.22 0.32 45.45 0.95 0.95 0.00 13.6 13.61 0.07
739 0.05 0.04 -20.00 0.17 0.18 5.88 0.54 0.56 3.70 17.7 15.96 -9.83

The changes are not large. Moreover, in the studied area, before consolidation, the 
phenomenon of plots belonging to one owner and adjacent to one another is intensive. 
Therefore, it affects the values of the fragmentation indices. In practice, this means 
that changes in both the number of plots and their average areas are even smaller than 
those calculated on the basis of the cadastral plots analysis.

The large changes in the Simpson index and Januszewski index indicate their 
inadequacy to assess the effects of consolidation in the cases of an intense occurrence 
of neighboring plots. Their construction is based largely on the analysis of the 
number of plots and their areas. Reliable evaluation of fragmentation changes using 
these indices is possible only after consolidation of neighboring plots belonging to 
individual owners, which would result in a reduction of their number and an increase 
of their areas.

The next two indices are free of these disadvantages. The variability of the average 
distances of hectares index does not exceed 11% (with one exception at 200%). In 
practice, this means that no signifi cant changes took place in the spatial distribution 
of land. This index refl ects well the extent of actual changes in the spatial distribution 
of homesteads, which most often come down to combining smaller plots into larger 
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and making minor corrections of their locations. Similar conclusions can be drawn 
from the analysis of the results of the last used index (grouping index). In this case, 
except for two homesteads, the changes in the index values range from -10 to +11%, 
meaning that they are also very low.

The second of the consolidation effects considered is the change in transportation 
network parameters (length and density) and changes in the accessibility of plots to 
the road network. The effects of land consolidation for this case are presented in 
Table 3 and in Figures 4 and 5.

 

Fig. 4. Changes of the spatial structure of the road network 
as a result of the analyzed land consolidation

 

Fig. 5. Changes in the accessibility of plots to the road network 
as a result of the analyzed land consolidation
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Table 3. Changes of chosen parameters related to the road network as a result of consolidation

No. of 
plots

Area of 
plots  
[ha]

No. of plots 
without 

accessibility 
to the road 

network

Change  
(%)

Area of 
plots without 
accessibility 
to the road 

network  [ha]

Change  
(%)

Length of 
the road 
network

 [km]

Density 
of the 
road 

network  
[km/ha]

Before LC 5356 981 3037 56.70 400.66 40,84 87.30 0.09

After LC 3096 981 550 17.76 104.78 10,68 125.05 0.13

Change -42,20% 0 -89.82% -73.85% +43.24% +43.24%

The lack of access to the road network was a signifi cant problem in the analyzed area 
and affected almost 60% of the total number of plots (40% of the total area). After 
consolidation, this problem was reduced to nearly 18% of the number of plots (11% 
of the total area). The total reduction of the number of plots affected by the lack 
of accessibility is high and amounts to 90%. Plots that are affected by the problem 
even after consolidation are located either in built-up or forested areas that were not 
a subject complex reorganization of the plots distribution. However, it should be 
noticed that plots in built-up areas which have no access to the road network have 
other (usually in the form of land easements) rights of access to the surrounding road 
network.

The length of the local transportation network increased by over 43%, from 87.30 
to 125.05 km, with the corresponding increase in the values of the index determining 
the density of the road network per hectare of the village. The creation of a new road 
network is related, on the one hand, to the size of changes in the spatial structure 
(larger changes are associated with the diminishing needs for the determination of 
new road network elements) and, on the other, to the limited fi nancial resources 
earmarked for investment in the network.

The last of the elements that should be presented as one of the effects of the 
consolidation works are changes in the boundary pattern of plots in built-up area. 
As a rule, the built-up area is not a subject to a re-design of the property boundaries 
but the boundaries are measured again, and their course is then completely different 
than the one on maps often developed at the end of the 19th century. The scale of 
discrepancies illustrates the aspect of consolidation woks associated with updating 
cadastral databases. An exemplary fragment of the discussed land consolidation is 
shown in Figure 6.
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Fig. 6. Changes in border layout in built-up areas

5. Conclusions

A number of conclusions can be drawn from the study. Land fragmentation 
indices used widely for the assessment of consolidation works effectiveness are 
not always proper tools. The type of consolidation should determine its further 
assessment. The changes in the parameters of fragmentation shown with the indices 
are a correct approach during consolidation processes implemented in the areas 
where agricultural function prevails. The consolidation works are required here as 
they improve the functioning of homesteads and increase profi tability. Different 
approach should be considered for consolidation works which are supposed to 
improve environmental conditions, increase road network density and enhance its 
quality, improve the quality of cadastral data, and provide good conditions for the 
development of the area. The changes in the boundaries layout and changes in 
ownership can positively affect these aspects. The development of the indices and 
progress in their use depending on the types of consolidation works should undergo 
further studies.

Another important aspect is the necessity to eliminate the phenomenon of 
neighboring plots that belong to given owners while using Simpson index and 
Januszewski index. The average distances of hectares index and grouping index are 
affected by the phenomenon to a much smaller extent.
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