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Abstract: Land consolidation in rural areas is greatly influenced by a number of social, agricultural,
and economic factors. They extend the time and complicate activities related to the implementation
of this project. Land consolidation is a huge investment, requiring a good and up-to-date map. Up-
to-date data that reflects reality are the basis for good and efficient land consolidation in rural areas.
To improve the creation of a land consolidation project, the most appropriate solution would be to
place all the necessary data to create a land consolidation project on “geoportals” websites. Providing
data on the websites of geoportals in Poland and Finland in the form of a map portal would enable
both visual and substantive analysis of spatial changes in rural areas. Therefore, this article pursues
two main scientific goals. The first purpose of this article is to analyze the history and scope of land
consolidation in Poland and Finland in order to learn the specifics of land consolidation in a given
country. Comparisons and analyses were made on the basis of the authors’ experience in Poland and
Finland with land consolidation in the areas described. The second scientific goal of the article is to
compare the availability of geospatial data in the context of the methodology of performing land
consolidation in rural areas, which leads to increased energy efficiency in agricultural production
by reducing the need for energy, especially fuel for agricultural machinery. The results from the
table with a list of geoportals in Poland and Finland are a summary of the data available for free.
Thanks to it, land consolidation contractors around the world will have the opportunity to familiarize
themselves with and perhaps use this data when creating a rural land consolidation project. Good
land consolidation planning will lead to effective and economical use of rural space. This is part
of the 2030/2050 strategy. Reducing agricultural production costs, lower fuel consumption, and a
smaller carbon footprint. This is what Poland and Finland are striving for as countries belonging to
the European Union.

Keywords: land consolidation; open geospatial datasets; energy efficiency; fuel consumption; rural
areas; agriculture; Poland; Finland

1. Introduction

As outlined in the [1] study, agriculture is one of the least digitized human activity
industries. The higher the level of digitisation, the easier it is to monitor production
processes and improve activity indicators, including efficiency [2—4]. Food production
and agriculture have an important role in maintaining biodiversity and rural landscapes.
In addition to its positive effects, agriculture also has adverse environmental impacts on
soil, water systems, and the atmosphere [5]. There are a number of factors in agricultural
production that farmers have no control over on a macro scale (e.g., country or region) [6],
such as temperature or rainfall. Along with soil quality, they are key parameters affecting
the efficiency of agricultural production. In order to increase efficiency /profitability, one
can either focus on raising yields or lowering production costs. In the first approach,
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the focus will be on adequate soil moisture, temperature regulation, and proper soil
fertilisation. However, each of these activities increases energy requirements. On the other
hand, production costs can be minimized by optimizing the shape of farms and the shape
of individual plots themselves, which can be achieved by implementing an agricultural
land consolidation project. In the land consolidation project, properly designed agricultural
transport roads will change the number of kilometers that must be traveled by agricultural
machinery. Such an action directly translates into a change in the amount of fuel needed to
operate the farm, thus increasing energy efficiency in agricultural operations and reducing
the carbon footprint [7-10].

Therefore, this article pursues two main scientific goals. The first purpose of this article
is to analyze the history and scope of land consolidation in Poland and Finland in order to
learn the specifics of land consolidation in a given country. The second scientific goal of the
article is to compare the availability of geospatial data in the context of the methodology of
performing land consolidation in rural areas, which leads to increased energy efficiency in
agricultural production by reducing the need for energy, especially fuel for agricultural
machinery. Comparisons and analyses were made on the basis of the authors’ experience
in Poland and Finland with land consolidation in the areas described.

2. Literature Review
2.1. Geostaptial Datasets and Information

Modern geomatics technologies are used in various tasks related to mapping the
natural environment. LiDAR laser scanning can be used both for inventory measurements,
describing reality as presented in papers [11,12], as well as for long-term activities, i.e.,
monitoring [13,14]. In environmental issues, there is often a need to use multi-source
data, examples of which can be found in papers [15-18]. Data integration also occurs
in the area of cultural heritage, examples of which can be found in papers [19,20]. The
aforementioned LiDAR technology is also very often used in surveying for the acquisition of
geometrical source data for cultural heritage [21,22]. An extension of the above-mentioned
documentation are BIM/HBIM models, examples of which can be found in [23]. Qualitative
aspects in [24], accuracy aspects in [25] or the image-based approach in [26].

The geospatial data obtained in this way are the basis for spatial management [27,28],
or cultural heritage [29,30].

An important aspect of having and using geospatial data are also making it available
to other entities, scientific units, or the general public. For this reason, publications [31-34]
seem relevant.

The utilitarian aspect of the research should not be overlooked either. In this context,
it is worth citing works that could not have been produced without linking the research car-
ried out to the space. These are: noise [35], land consolidation [36], cadastral works [37,38],
displacement [39], air quality [40], land use [41], or building monitoring [42].

2.2. Land Consolidation

The level of development of consolidation work in two countries—Poland and
Finland—is presented below. The use of digital geospatial data for the planning and
implementation of consolidation work were taken as an indicator of the level of devel-
opment. Due to the history of implemented projects in Poland, where the use of digital
geospatial data are lower, the assessment of the effects of consolidation is mainly based
on geometric indicators [43-45]. In contrast, in Finland, where the history of consolidation
work is more than 260 years old, areas are being consolidated once again, assessing the
effect mainly in terms of economics.

Almost 100 years of land consolidation development in rural areas that took place
in Poland show the multi-criteria nature of this procedure [46]. EU funding helps to
improve, among others, the area structure of agricultural land in the European Union (EU)
countries [47-49]. The agricultural area in EU countries covers almost half of the land of
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the whole country [50]. In 2015, agricultural land was estimated to cover 42% of all EU
land area [51].

Figure 1 shows the agricultural area as a percentage of the total area in individual EU
countries. Blue columns: agricultural area in% (scale on the left side of the chart) and size
of agricultural area in 1000 hectares—red dots (scale on the right side). The agricultural
area is the area that may be included in land consolidation work.
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Figure 1. Agricultural area from the total area in individual EU countries. Source: own study based
on data from the FAO Estimate, 2019 [52].

Poland takes 9th place out of 27 EU member states, where 1st place is the largest
percentage of agricultural area in relation to the country’s area. Notice that Finland and
Sweden have a low percentage. For example, Finland has the same amount of agricultural
land as Denmark. Because Finland and Sweden are large countries with large amounts of
forests, their percentage here is low. Also, agricultural areas both in Sweden and Finland
are concentrated in the southern parts, where municipal or provincial-level percentages
can be high.

Additionally, the high fragmentation of the agricultural area in Poland makes us one
of the leading countries that urgently needs land consolidation in rural areas [44,53-56].
The problem of excessive land fragmentation affects many countries. One can read in the
literature that it occurs, among others, in Bulgaria [57,58], in the Republic of Belarus [59], in
Cyprus [60], in the Czech Republic [61], in Estonia [62], in Finland [63,64], in Hungary [65],
in Latvia [66], in Lithuania [67], in Slovakia [68], in Spain [69], in The Netherlands [70,71],
and in Ukraine [72].

In Poland, since 2008, the number of cadastral plots has been systematically increasing.
Over the past 12 years, the number of cadastral plots has increased by over 3 million. The
number of cadastral plots is systematically increasing as a result of dividing real estate.
In Finland, agricultural plots are only a small minority of cadastral plots; this number
does not show fragmentation at agricultural plots. In Finland, they follow agricultural
administration IACS-systems information en masse to show real cultivated parcels (regard-
less of ownership). We can eliminate the fragmentation of land through comprehensive
land consolidation in rural areas. In this article, the areas with the highest fragmentation
index are south-eastern Poland and south Finland. It is worth mentioning here that, in
Finland, we also perform land consolidation in forests. Agricultural land consolidations
often exclude forests, but they can be part of agricultural land consolidation if needed.
Nowadays, preparing a land consolidation project requires the use of geospatial data.
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2.3. The Impact of Land Consolidation on Energy Efficiency

The land consolidation processes in Poland focus not only on the geometric and
location aspects of the farm but also, to a greater extent, on translating these into economic
and ecological aspects. Such activities are in line with the directions of the European Green
Deal and will certainly translate into reduced energy consumption and a lower carbon
footprint [9,73]. Authors [74] suggest that moderate changes in food diets and land use
in Finland can reduce GHG emissions from agriculture by more than 40% by 2050. In the
period 2021-2030, the collective target of EU Member States is to reduce greenhouse gas
emissions by 30% from the 2005 level by 2030 [5].

Better road planning in the land consolidation project will result in reduced agricul-
tural production costs, lower fuel consumption, and a smaller carbon footprint. The basic
elements of transport infrastructure are agricultural roads (access to fields). Hence, the
high share of agricultural transport costs can be reduced through an appropriate system
of these [75] roads. Each newly separated cadastral plot in the land consolidation in rural
areas must have access to a public road. Consequently, the road infrastructure in a land
consolidation project is extremely important. The road network density indicator is often
mentioned by communes as the most important consolidation effect [46]. A very impor-
tant effect of land consolidation in rural areas is post-merger management, including the
arrangement and modernisation of “agricultural transport roads,” which provide access to
each registration plot [46]. The paper [75] describes the influence of the distribution—the
arrangement of fields in relation to the economic center—on the distance and the expen-
diture incurred in internal transport. The conclusions from these studies are as follows:
Fuel consumption costs are 92.25% [75] lower after consolidating land and arranging all
cadastral plots around the farm.

So, as we read above, good land consolidation planning will lead to effective and
economical use of rural space. This is part of the 2030/2050 strategy. Reducing agri-cultural
production costs, lower fuel consumption, and a smaller carbon footprint. This is what
Poland and Finland are striving for as countries belonging to the European Union. In
EU countries with socio-economic development, the economic and energy efficiency of
agriculture is increasing [76].

3. Level of Development of Land Consolidation and His Historical Background
3.1. History of 100 Years of Land Consolidation in Poland

The complexity of the land consolidation procedure in rural areas in terms of legal
regulations took the form of independent acts only in the interwar period. The almost
100-year history of the legal basis for land consolidation is presented in the timeline marked
in Figure 2.

Decree Act 2021-
1944 Act 1968 present
() () ( () () ()
Act 1925 Decree Act 1982
1949

Figure 2. A total of 100-year history of legal grounds for land consolidation in Poland. Source: own study.

The first law in Poland regulating the issue of land consolidation in rural areas was
the Act of 1923 on land consolidation [77]. Consolidation works were carried out within
the limits of one village. During consolidation works, the area of small (dwarf) farms was
increased, and, if necessary, by parceling out the necessary areas in accordance with the
provisions of the Act of 1925 on the implementation of the agricultural reform [78]. This
reform legally sanctioned changes in ownership relations combined with a change in the
agrarian structure through consolidation or parceling of land. The agrarian question was
one of the most important political and economic problems in Poland in the early 1920s.



Energies 2023, 16, 7598

50f29

land consolidation [in thous. ha]

500
450
400
350
300
250
200
150
100

a1
o

The problem of land “hunger” among Polish peasants in the former Austrian and Russian
partitions was particularly acute.

Consolidation works in Poland were undertaken in 1923, and their intensification
occurred at the end of the twenties of the twentieth century. These works were interrupted
by the outbreak of World War II. They were continued after the end of the war within the
changed borders of the country and changed political conditions, based on the Act of 1923
and taking into account the decree of the Polish Committee of National Liberation on the
implementation of the agricultural reform introduced in 1944 [79].

The social effect of the agricultural reform carried out in 1944 was the liquidation of
the landed gentry as a social class [79]. However, the structure of agricultural ownership,
due to the limited amount of land to be divided and the huge number of people willing to
purchase it, has not changed much. Peasant farms still remained fragmented in southern
and south-eastern Poland. Farms established as a result of the agricultural reform had an
area of 3 to 4 ha.

The decree of 1949 on the exchange of land, which was implemented, brought about
changes [80]. At the end of 1949, the Minister of Agriculture and Agrarian Reforms
suspended land consolidation due to the agricultural policy of the time, which aimed at
collectivizing agriculture. In the years 1949-1954, various forms of agricultural cooperatives
were created, which had a large impact on the spatial structure of land. During the
establishment of agricultural production cooperatives, land exchanges were carried out
and farm plots were allocated for members of the cooperative. In Poland, after 1956, most
of the cooperatives were dissolved, and the “cooperative” of the villages failed.

In 1968, the liquidation of the patchwork of land was started again, based on the new
Act on land consolidation and exchange [81], adopted that year. In addition to the objectives
contained in the Act of 1923, the Act introduced a new concept of land exchange and created
legal grounds for improving the spatial conditions for the functioning of both State Farms
and Agricultural Production Cooperatives [81]. In Poland, in the years 1968-1983, on an
area of 3,910,700 hectares of land in 11,515 villages, land consolidation works were carried
out. As can be seen from Figure 3, the largest number of land consolidations and exchanges
were carried out during this period. As a result of these works, defective land systems
were transformed on 20.5% of the country’s agricultural land. In the period from 1979 to
1983, in the new administrative division, the size of consolidation and replacement works
throughout the country decreased.
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Figure 3. Scope of land consolidation in Poland in 1968-2021. Source: [36].
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The 1980s brought further changes. The political transformation included, among
others, regulations concerning the agricultural sector. The result of these changes is the
Act of 1982 on land consolidation and exchange [82]. As shown in Figure 3, the scope
of consolidation and exchange work in the 1980s was negligible. Only in 1989 was land
merged and exchanged in an area of over 55,750 ha. The needs of consolidation works
are huge, and yet these works are performed on a smaller and smaller scale. In 2016, land
consolidation and exchanges were carried out in an area of only 932 ha.

Since 1968, only 5,592,126 ha in Poland have been consolidated, which is 17.9% of the
administrative area of Poland. As shown in Figure 3, most land consolidation in rural areas
was carried out in the 1970s. Later, the area of land consolidation decreased. Since 1 May
2004, Poland has been a member of the European Union (EU). Therefore, Poland received
subsidies for land consolidation in rural areas under EU programs. These programs are
presented in detail in Figure 4. As can be seen in Figure 4, in 2013-2014, at the end of the
RDP 2007-2013 program, and in 2019 of the RDP 2014-2020 program, the area of unalloyed
land in Poland slightly increased.

RDP 2014-2020

RDP 2007-2013 RDP 2021-2027
Figure 4. EU programs for land consolidation in Poland. Source: own study.

According to [45], the demand for consolidation work is very high. The greatest
demand for over 50% of the area of communes occurs in south-eastern Poland [83-85]
including in the Podkarpackie voivodeship [86].

3.2. History of Land Consolidation in Finland

Finnish land consolidation has its origins in the Swedish Basic Land Consolidation.
In the year 1757, the Swedish Crown ordered basic land consolidation (isojako in Finnish)
procedures to be performed in the whole kingdom (Figure 5). During that time, Finland
was a part of the Kingdom of Sweden. Basic land consolidations started in the coastal
regions of Finland, although officials often faced strong resistance from local villagers
and farmers. The main reason for the basic land consolidations was the establishment
of independent farms that could pay taxes. Another benefit of basic land consolidation
was the mapping of all agricultural land. During the centuries, basic land consolidations
advanced through Finland, and in 1960, the last basic land consolidation procedure was
completed in Kuusamo, North-Eastern Finland [63].

Decree Act
1848 1952
[ J [ ) [ J (]
Act Act1997-
1916 present

Figure 5. History of legal grounds for land consolidation in Finland. Notice that when Finland moved
in 1809 from the Swedish Kingdom under the Russian Empire, land surveying legislation remained
Swedish until 1848, when it became purely Finnish, albeit in many parts copied from Sweden. Source:
own study.

After Finland was separated from Sweden in 1809, some differences in land consoli-
dation procedures started to appear between these two nations. During the 1800s, there
was a widespread understanding in professional circles in Finland that the first basic land
consolidations had not been conducted as well as they should have been. Often, a scattered
parcel structure remained. Old Swedish legislation that was in many cases still valid in



Energies 2023, 16, 7598

7 of 29

Finland allowed the arrangement of basic land consolidation to be carried out, and the late
1800s saw a boost in these arrangements. By 1918, the total area arranged by this type of
project was 1,547,590 hectares in the whole of Finland [63].

From the beginning of the year 1917, new purely national legislation was in force,
and now a new name has emerged for this kind of land rearrangement. The new name
was in Finnish, uusjako. The translation of this term is not without problems. Literally,
uusjako can be translated as New Land Consolidation meaning land consolidation that is
conducted after the Basic Land Consolidation. After a hundred or more years had passed
since Basic Land Consolidations and restrictions on farm parceling were lifted, the term
uusjako started to mean more or less the same thing as Land Consolidation. The meaning of
the term has evolved during the nearly one hundred years that it has been used in Finnish
legislation. All this time, there was also the Finnish term tilusjdrjestely. This term means
land consolidation in a broader sense, and it includes all types of Land Consolidations and,
for example, arrangements conducted in conjunction with other cadastral surveys, such as
parceling [63].

During the early 1900s Land Consolidations was concentrated in the southern and
southwestern agricultural areas of Finland. The projects were large and ambitious. Often,
projects included whole villages with fields and forests, often covering a total area of
more than 10,000 hectares. Hearings with landowners were formal, and projects did not
have to have the approval of landowners. During the period 1918-1980, the total area
arranged in land consolidations was 891,000 hectares. As with basic land consolidations,
land consolidations advanced through the agricultural heartlands of Finland. This time,
Eastern and Northern Finland were excluded because the settlements were of a different
type. In Eastern and Northern Finland, farms were and still are often alone in the forest, far
apart from each other, so that a scattered parcel structure was a rarity [63].

In the 1990s, land consolidations were concentrated in western Finland, in an area
roughly between the cities of Vaasa and Oulu. The reason for this concentration was the
strong agriculture in the region and the scattered parcel structure in these areas. In other
areas of Finland, the last land consolidations were completed during the 1980s, and land
consolidation activity died down despite some efforts to start new projects. At the beginning
of the millennium, there was pressure to reform the Land Consolidation process. The strong
opposition of landowners and the inefficiency of the old Land Consolidation procedure
were evident. Development led to a process that was more customer-driven and project
areas that were smaller than earlier, although there were no legislative changes [63,87].

From 1757 to the present day, Land Consolidation in Finland has been a cadastral
surveyor-driven process. The land surveyor was and is the chairman and key decision-
maker for the project. The role of the land surveyor is similar to that of a court judge
in the European (Roman) court system. Since the year 1972, land surveyors have been
civil servants at the National Land Survey of Finland (NLS). Decisive legal decisions are
made by a land surveyor and two trustees appointed by the municipal council. Often,
trustees are from another municipality to avoid improper connections between trustees
and landowners. The new process that was implemented in the first years of the new
millennium emphasized landowner opinion and one-on-one negotiations between the
landowner and land surveyor [63].

The new process has led to a new boom of land consolidations in Finland. New
projects have started, and now land consolidation activity has expanded to the regions of
Satakunta, Pirkanmaa, Kymenlaakso, Northern Savonia, North Karelia, and Uusimaa. The
average project area is 1000 hectares, and the average project time has been reduced to five
years. Projects include building operations such as ditching, the building of underground
drainage, and agricultural roads. Projects were subsidised by the Ministry of Agriculture
and Forestry. During the period 2002-2014, roughly 50-70% of project costs were paid by
the Finnish government [63].

Finland joined the European Union in 1995. The Finnish approach to the Common
Agricultural Policy (CAP) reflected a necessity to compensate for the competitive disadvan-
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tages of the agrarian sector. Farm support is more important in Finland than in other EU
countries because of its unfavourable production conditions. Because the CAP does not
consider northern agriculture with small farms as a priority, national support is of great
importance [88]. During accession negotiations, the Finnish government and the European
Union agreed that Finland could not use EU funds to implement land consolidations;
therefore, rural development projects around land consolidation issues have focused on
spreading information to landowners and farmers. Inside the EU, Finland has streamlined
land consolidation subsidies to fit EU regulations. In Finland Land Consolidation can start
in two different ways. Agricultural and forest land consolidations can start only with the
initiative of the landowners. Project land consolidation can start with the application of the
public entity that is implementing the project. For example, such an entity can be a Traffic
Infrastructure Agency or an Environmental authority. Project land consolidation has always
had some public project, for example, a railway, highway, or environmental protection area,
to implement. Currently, there are 58 agricultural and forest land consolidations either in
the preliminary survey phase or in implementation, and six project land consolidations are
in implementation (Figure 6).

Par Tamperé
Bjorheborg &) Tammerfors
9 o

Jameeriinnd Lahti LappeGnranta
Tavastehus o o Lahtis oVjlifanstrand

Mariehamn sl
Maarianhamiha

Figure 6. Location of land consolidation in Finland—dots. Dot with number for example “3”
mean—"3 consolidation objects at this location visible at the given map scale”. There are currently
58 consolidations of agricultural or forestry land, both in the initial land consolidation study phase
and in the implementation phase. NLS Finland 2023. Source: own study.

3.3. Statistical Characteristic Areas to Be Consolidated in Poland and Finland

Detailed research covered areas to be consolidated in Poland and Finland. As shown
in Table 1 and Figure 7, country areas are similar in size. Finland is 2,577,000 ha larger
than Poland. The land area is larger in Poland; it is 97.90% of the country’s area. In
Finland, agricultural land is only 6.72% of the country’s area because the areas excluded
from land consolidation are forests, and there are as many as 66.21% of the country’s
area. It is worth mentioning here that, in Finland, we also perform land consolidation
in forests. Agricultural land consolidations often exclude forests, but they can be part
of agricultural land consolidation if needed. Agricultural land, which may be subject
to consolidation, covers 46.45% of Poland’s territory, while forest area covers 30.29% of
the country. If we analyse the potential participants in consolidation, the land of natural
persons in Poland covers 59.39% of the land area of the country. Population density in land
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consolidation works is also important because the more inhabitants in a village covered
by land consolidation works, the more land consolidation participants there are. Thus,
in Poland, the population density is 121.4 inhabitants/km?, and in Finland, it is only
16.3 inhabitants/km?.

Table 1. Research object—Poland and Finland.

Research Area Poland Finland
1000 ha % 1000 ha Y%

1 Country area 31,269 100.00 33,846 100.00
2 Land area 30,611 97.90 30,393 89.80
4 Agricultural area 14,523 46.45 2274 6.72
6 Forest area 9471 30.29 22,409 66.21
8 Private land 18,181 59.39 18,235 60 *
10 Population (inhabitants/km?) 121.4 16.3

* Other than private owners in Finland are the Finnish state, the Aland Islands autonomous region, and munici-
palities. This agricultural land is mainly private in Finland. The Finnish government owns only some areas of
agricultural research institutes comprising maybe 200-500 hectares. Municipalities own agricultural land, but
this is mainly for development purposes. This is still a bigger area, about 10,000-50,000 hectares. Finnish states
have large forest ownerships, mainly in Northern Finland. This is roughly 30% of the land in Finland. Private
ownership in Finland is 60%. Source: own research based on [52,89,90].

N e
(j §
( {
Q 'rﬁy ﬁ‘
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- ST [

Figure 7. Location of the research object—Finland and Poland—against the background of other
countries. Source: own study.

4. Materials and Databases

This chapter briefly describes the databases and public registers that will be further
compared in the context of Poland and Finland. They are summarized in Tables 2—4. The ID
(A1, B1, etc.) in the first column corresponds to the description paragraph before the table.



Energies 2023, 16, 7598

10 of 29

Table 2. Characterisation of the spatial databases—Ownership and Land Use/Land Cover.

Data Source

Available from an

Use of Geospatial Data in

ID Theme Name of Database or the Name Native Type of Data Official Sour Paid or Free of Charge Accuracy/Resolution Timeliness of the Data Set Consolidation Applications
of the Responsible Institution clal source Current Use Potential Use
PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
. NLS-FI 1:10,000
. EGiB Y Y P/FREE- 4 UD
Al Ownership PODGIK INSPIRE Cad. \4 \% WMS/ADM  WMS/WES uc FREE-UC <0.1m see Al UuD weekly 5 5 5 5
Parc. descrip.
Land Use . <0.1/0.3m/
Bl /Land B]FS%I?SBO none \% none WMS\/{ ADM 1? P/EIEEE- none 0.5m none UuDb none 5 - 5 -
Cover Com6
Y From 2-4 m GSD
Urban Atlas \% OA FREE-UC MMU 0.25 ha urban, 2006/2012/2018 1 1 1/3 1/3
MMU 1.00 ha rural
R20m
CLC CLC Database R Y Y
GIOS SYKE gdb v WMS/ADM WMS TFREE FREE-UC DB Vzl\;[hMaU 2018 1 1 1 1
BDOTI0k Topogs v R Y Y TFREE  ppEEUC Coms see Bl UT B1 descri 3 34 3 34
GUGIK OPOsT: \4 OA/WMS  OA/WMS com5 ° descrip. see bl descrip.
database
Land Use
B2 /Land IACS IACS \% A% none none P See B2 See B2 See B2 UuD See B2 5 5 5 5
Cover
Source: own study.
Table 3. Characterisation of the spatial databases—Ownership and Land Use/Land Cover.
Data Source . . Use of Geospatial Data in
1D Theme Name of Database or the Native Type of Data Avall.al')le from an Paid or Free of Charge Accuracy/Resolution Timeliness of the Consolidation Applications
. s Official Source Data Set
Responsible Institution Current Use Potential Use
PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
o1 BDOT500/ NLS Y Y P/FREE- <0.1/0.3/ . UD
C1 Buildings EGiB Topogr. DB \% \% WMS,/ADM WMS uc FREE-UC 05m 1:10,000 uD weekly 5 5 5 5
. NLS Y Y P/FREE- . . see C2
C2 Rivers BDOT500 Topogr. DB v \% WMS/ADM  WMS,/WES uc FREE-UC <0.1m 1:5000-1:10,000 uD descrip. 5 5 5 5
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Table 3. Cont.

Data Source Use of Geospatial Data in

ID Theme Name of Database or the Native Type of Data Avail.al?le from an Paid or Free of Charge Accuracy/Resolution Timeliness of the Consolidation Applications
. o Official Source Data Set
Responsible Institution Current Use Potential Use
PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN
. Y P/FREE-
D1 Bridges BDOT500 none \4 none WMS/ADM none uc none <0.1m none uD none 5 5 5 5
Digiroad
Y Y TFREE . UD
BDOT10k TlfTIA, NLS \% \% OA/WMS WMS,/WES com5 TFREE Com8 1:10,000 uT weekly 5 5 5 5
opogr. DB
Y P/FREE- 3
D2 Roads BDOT500 none \Y% none WMS/ADM none uc none <0.1m none UD none Com9 5 5 5
Digiroad
Y Y TFREE . UD 3 5
BDOT10k _FTIA’ NLS \Y \% OA/WMS WMS,/WES comm5 FREE-UC Com8 1:10,000- UT weekly Com9 5 Com9 5
opogr. DB
Railwa: Y P/FREE-
D3 track Y BDOT500 none \Y% none OA/WMS/ none uc none <0.1m none UuD none 5 5 5 5
ac WFS/ADM
Digiroad
Y Y TFREE ] uD
BDOT10k TI?“TIA, NLS v \% OA/WMS WMS,/WES comb FREE-UC Com8 1:10,000 UT weekly 5 5 5 5
opogr. DB
Waterworks/ v P/FREE-
D4 Water GESUT none \% none WMS/ADM none uc none <0.1m none UD none 5 4/5 5 4/5
supply
Gas Y P/FREE-
D5 pipeline GESUT none v none WMS,/ADM none uc none <0.1 m none UD none 5 4/5 5 4/5
High
Voltage BDOT500/ Y P/FREE-
D6 Power GESUT none \Y% none WMS/ADM none uc none <0.1m none UuD none 5 4/5 5 4/5
lines
Drainage BDOT500/ Y P/FREE- <0.1/0.3/
D7 ditches EGiB,/GESUT none \% none WMS,/ADM none uc none 05m none UuD none 5 4/5 5 4/5
Y P/FREE- <0.1/0.3/
D8 Sewers GESUT none v none WMS/ADM none uc none 05m none UD none 5 4/5 5 4/5

Source: own study.
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Table 4. Characterisation of the spatial databases—Ownership and Land Use/Land Cover.

Data Source

Use of Geospatial Data in

ID Theme Name of Database or the Nativ];;lZpe of A‘(I)afifliacliaile Sﬁ(‘)(:::c:n Paid or Free of Charge Accuracy/Resolution Timeliness of the Data Set Consolidation Applications
Responsible Institution Current Use Potential Use
PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
GSD2m
Elevation (%L;;r /
model 2 m Y 1m/5m : UD/UD
E1 DTM GI;_IJI\C/I;TK Elevation ASCII R OA/WMS/ WI\T[TS TFRESE FREE-UC H<0.1m/ 605?3_1 (;n SU]?El monthly 4 5 5 5
! model 10 m WFS/ADM com 05m m ce See E1
NLS Herr
14m
See E1
. N Y N . N
E2 Slope analysis none DTM none data coml WMS Coml FREE-UC N 1:15,000 Coml 2018 4 5 5 5
Soil- Y/N
; Y/N Y . . Y/N 4 1 1
F1 agritzilltgural Geoportal Luke R data WMS—com2 WES ‘C/\(l)xi FREE-UC 1:5000 1:250,000 com? 2011 Com10 3 Comll Comll
Y aSD SEb - upjur UD/UT
Ortophotomap NLS OA/WMS/ Y TFREE TFREE 3 2y cycle 3ycycle
F2 Ortophotomap on Geoportal orthophotos R R WFS/ WMS comb FREE-UC 0 10'8 52{5 XY See F2 See F2 5 5 > 5
1-025m  accuracy . .
ADM—com3 05-0 descrip. descrip.
O—2 N
Regional
Local Reginal plans Y . Regional
Local plans Y Regional .
pg development o hacted to on R/V  R/V OA/ WMS/WES  rpReg FREE-UC 1000 100000 UD oD 1 3 3/5 5
plan Finish Helsinki A Helsinki
the geoportal WMS—com4 Helsinki .
geoportal Y 1:2000
WMS/WFS
XY RMS XY-
0.4-0.5m, 0.45m
. . . . Y HRMS HRMS uT In 3 years
pe LIDARALS Geoportal NLSpot - Foint - Point OA/ o TEREE FREEUC  01-005m  01m  Indyears cycle 1 1 5 5
P ADM—com3 density density cycle AsF2
4/6/12/  5p/m*->
20 p/m? 0.5 p/m?
Helsinki
. CIR 0.05-0.3 m
Airborne L hotomap  NLS orthopo- Y Y TFREE ~ FREEUC OO0 Finland UD/UT
F5 multispectral R R 0.05/ uT 3 years cycle 1 1 5 5
ducts—CIR ~ °0 Geoportal hotomap OA/ADM WMS com5 01m 0.5m See B2
products or local ’ XY acc ¢

0.5-2m
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Table 4. Cont.

Data Source

Native Type of

Available from an

Use of Geospatial Data in
Consolidation Applications

1D Theme Name of Database or the o Paid or Free of Charge Accuracy/Resolution Timeliness of the Data Set
. s Data Official Source
Responsible Institution Current Use Potential Use
PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN PL FIN
Y
. Satellite or- .

. From RS services/Landsat/ Y Since

F6 Satellite Copernicus—free R R tophotomap Landsat TEREE FREE-UC GSD 10 m GSD 2019-every Lack of 1 3 5 5
scenes . in RGB and 30 m metadata
or comercial CIR OA/WMS year
WMS
F7 UAV orto On demand R R N P P To negotiate with client OD 1/3 1/3 5 5
F8 UAV LIDAR On demand Point Point N P P To negotiate with client OD 1 1 5 5
point cloud cloud cloud

Source: own study.
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All this requires geospatial and geodetic data. Therefore, the authors undertook the
analysis of data necessary for land consolidation. Data available on portals in Poland [91]
and Finland [92] were analyzed; details are presented in Tables 2—4.

Column 1 contains the ID, which refers to the subject group (letter) and the next item
(number). It also allows you to refer to the description in Chapter 4. Column 2, meanwhile,
contains the name, briefly describing the contents of the database. Columns 3 and 4 give
the specific names of the databases, the source of the data, or the institution responsible for
maintaining the database, for Poland and Finland, respectively. Columns 5 and 6 contain
information about the native type of data contained in the database—raster/vector/etc.
Columns 7 and 8 indicate the source of the data, i.e., whether it is available from an official
source—office; agency; etc.—or from a private contractor/company; or possibly with what
services the data are available for downloading/viewing—WMS/WEFS. Columns 9 and
10 show the situation with regard to payment for the data—paid or free of charge. If
available free of charge, is it open access or under some conditions/for specific purposes?
Columns 11 and 12 provide information on the geometric parameters of the products, such
as accuracy, resolution, or scale-prepared studies/maps. On the other hand, columns 13
and 14 provide information on the timeliness of the various sets/records and how/mode,
and frequency they are updated. The last four columns contain the author’s assessment of
the use of geospatial data sets in the land consolidation process. The 15th and 16th columns
correspond to current use, while the 17th and 18th columns correspond to potential use. A
scale from 1 to 5 was adopted, where 1 means “not important data sets, not used in analysis
or used from time to time” or “data sets have a low potential of use in land consolidation
analysis,” while 5 means “very important data sets, basic data sets for most analysis” or
“data sets have a great potential of use in land consolidation analysis.”

The abbreviations used are described below in Table 4. In places in the table that
require more elaboration, references (comX) have been made to the descriptions below
Table 4.

4.1. Characterisation of the Spatial Databases—Ownership and Land Use/Land Cover

A number of geospatial databases are maintained in both Poland and Finland. They
are of value to users if they are up-to-date, reliable, complete, consistent thematically and
area-wise, accurate, and are maintained continuously. Brief descriptions of the individual
datasets are therefore collected below. These will give future users of these datasets a quick
overview of what datasets are available in a particular country and which they can use
for their own research. Details of ownership and Land Use/Land Cover are presented in
Table 2.

A1 Ownership

EGiB (PL)—the register of land and buildings is kept by “starosts;” which means that,
as a result, we have 380 units responsible for running this database in all of Poland. EGiB
data, and in particular data on cadastral plots, are the basic reference data for the presen-
tation of various other objects stored in spatial databases. The level of detail corresponds
to a map on a scale of 1:500. Nominal accuracy for the vertex of border point buildings
consists of the first group of accuracy—better than 10 cm. By law, the whole EGiB should
be in digital form—vectors + attributes.

The NLS-FI INSPIRE Cadastral Parcels Theme Dataset (FIN) is a dataset depicting
the Cadastral Parcels and Basic Property Units covering the whole of Finland. It contains
the following INSPIRE feature types: BasicPropertyUnit, CadastralParcel, and Cadastral-
Boundary. The elements are updated weekly. The dataset is based on the NLS Cadastral
Index Map database. The dataset is available via the NLS-FI INSPIRE Download Service
(WES) for Cadastral Parcels Theme, and it can be viewed via the NLS-FI INSPIRE View
Service (WMS) for Cadastral Parcels. Spatial resolution: 1:10,000.

There are also 9 layers in the theme Cadastral Parcels on the Finish “Paikkatietoikkuna.”
Some of them are without metadata—National Cadastral References or Cadastral Bound-
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aries. There are also regional data sets: the Cadastral Map of the City of Helsinki (1:4000;
see also on [93] and Real Estates in Tampere (1:20,000).

B1 Land Use/Land Cover

On Finish geoportal [92] there are 218 layers in the Land Use theme and 423 layers in
the Land Cover theme. In the Land Cover theme, there is a lot of information about trees:
biomass broken down into individual parts of trees, with the distinction of tree species,
volume, canopy height model, stand age, data sets from the multi-source national forest
inventory, site fertility class, and LPIS data sets (“Ruokavirasto”). There are visualisations
of the Corine Land Cover database in raster (GSD 25 m) and vector (MMU 25 ha) versions.

CORINE LAND COVER (PL and FIN)—The essence of the CORINE Land Cover
(CLC) program is to provide up-to-date information on land cover/land use throughout
Europe in a regular cycle and to demonstrate changes between successive cycles. There are
data sets from 1990, 2000, 2006, 2012, and 2018 supervised by the European Environment
Agency (EEA). The direct contractor for the implementation of the CLC1990, CLC2000,
CLC2006, and CLC2012 projects in Poland was the Institute of Geodesy and Cartography
(IGiK), which also acts as one of the EIONET National Reference Centers for land cover. The
dataset for all of Finland has been produced by the Finnish Environment Institute (SYKE).

URBAN ATLAS (PL and FIN) The Urban Atlas provides pan-European comparable
land cover and land use data covering a number of Functional Urban Areas (FUA). Since
2012, in UA, there has been information about LULC for the capital cities and an addi-
tional 870 cities—developed for the most populous European cities (most cities with over
50,000 inhabitants). This is a local component coordinated by the European Environment
Agency. The Urban Atlas is composed of a suite of products that encompasses: Land Cover
Land Use products in Functional Urban Areas (FUA), Street Tree Layer produced within the
level 1 urban mask for each FUA (all classes starting with code “1”), Population estimates
per Urban Atlas polygons, and Building Block Height in cities in a 10 x 10 m grid [94].

BDOT500 (PL)—The Database of Topographic Objects is a set of spatial data that serves
as a reference point for various thematic studies and enables the sharing of topographic
information. It contains information about all objects on the ground, like buildings and
objects permanently attached to the building, fences, communication, land use, sport and
recreation, water, and terrain. BDOT500 is a detailed spatial database that corresponds
to a 1:500 master map. It is established for urban and rural areas, divided into 380 units
responsible for running this database in all of Poland. Nominal accuracy for the objects
consists of the first group of accuracy—better than 10 cm. By law, the whole BDOT500
should be in digital form—vectors + attributes.

BDOT10k (PL)—The Database of Topographic Objects; whose level of detail corre-
sponds to a map in scale 1:10,000. BDOT10k collects information on topographic objects,
including their spatial location in the applicable national reference system and their charac-
teristics, as well as cartographic codes and object metadata. BDOT10k is created on the basis
of the EGiB, GESUT, and BDOT500 databases and other state registers. So, the accuracy of
the object is like the accuracy of the source databases. One of the most important parameters
determining the suitability of a data set for individual analyses is geometric accuracy. As
for the accuracy of recording the coordinates of intermediate points/nodes, or geometric
invariants, it is identical in both databases and amounts to 1 cm. The significant difference
is the minimum distance between any two vertices (intermediate points of a line or an
area). In the BDOT10k database, it is 2 m, unless given objects come from external registers
with greater accuracy or if a distance less than 2 m is needed for the proper presentation
of the object shape. The scope of information includes the following categories of objects:
water supply networks, communication networks, networks of utility lines, land cover,
structures and devices, land use complexes, protected areas, territorial division units, and
other objects.

The Topographic map (FIN) is a dataset depicting the terrain of all of Finland. The
key elements in it are the road network, buildings and constructions, geographic names,
waterways, land use, and elevation. The more precise levels of the Topographic map consist
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of the same map objects and map symbols depicted in the same way as in the familiar basic
map. A basic map raster is applicable to be used, for instance, as a base map for planning
land use or for excursion and outdoor recreational purposes on mobile devices and in
various Internet services associated with nature. The product belongs to the open data of
the National Land Survey of Finland.

Basic map raster 1:10,000 and Topographic map raster 1:50,000 are produced from
the National Land Survey’s topographic database. Topographic map raster 1:100,000 and
1:250,000 are produced from the following datasets in vector format: Topographic map
1:100,000 and Topographic map 1:250,000. Topographic map raster 1:500,000 is produced
from the vector dataset: Topographic map 1:1,000,000. Topographic map raster 1:1,000,000
is produced from the following vector dataset: Topographic map 1:1,000,000. Topographic
map raster 1:2,000,000, 1:4,500,000, and 1:8,000,000 are produced from the following vec-
tor dataset: Topographic map 1:4,500,000. The updating frequency of the scales in the
Topographic map series varies depending on the feature [92].

B2 Land Use/Land Cover

IACS is the main database used for land consolidation surveys in Finland. The IACS
register is maintained by the Finnish Food Agency and farmers themselves. This is the first
year that farmers obtain correction notices from the mobile app if there is an error in their
IACS information, and they can submit corrections from the mobile app directly. National
and EU subsidies to farmers are delivered through the IACS register.

Single-frequency GNSS receivers are used during direct subsidy control measurements
in Poland. Their localisation accuracy for a single point is relatively low (1-3 m). How-
ever, when it comes to area measurement, it is surprisingly good and meets the accuracy
guidelines prepared for this type of measurement [95].

4.2. Characterisation of the Spatial Databases—Anthropogenic Objects and Infrastructure

The data in groups C and D represent anthropogenic objects with distinct shapes and
edges. For this reason, the precision of determining their location is decidedly higher than
that of natural objects. Details about anthropogenic objects and infrastructure are presented
in Table 3.

C1 Buildings

EGiB and BDOT500—see Al. The NLS-FI INSPIRE Buildings (FIN) Theme Dataset is
a dataset depicting the buildings covering the whole of Finland. It contains the following
INSPIRE feature: Building. The elements are updated weekly, and the dataset is based on
the NLS Topographic database. Information is available via the NLS-FI INSPIRE Download
Service (WES) for Buildings theme, and it can be viewed via the NLS-FI INSPIRE View
Service (WMS) for Buildings. In addition to the national data listed above, there are also
regional datasets from Tampere, Paimio, and Helsinki. The capital of Finland also has an
extensive collection of building data, e.g., 3D building models with textures, flat and simple
roofs, and triangulation models.

C2 Rivers

River network (FIN) is based on the topographic database of the National Land Survey
of Finland in scales of 1:5000-1:10,000 from 2000-2008. The continuous network has been
created at the Finnish Environment Institute (SYKE) by combining rivers to the central
lines through polygon rivers and lakes. The dataset also includes unique river codes and
lake codes. The river network includes all river segments with catchment areas larger
than 10 km?2. Other, smaller rivers with smaller catchment areas are also included in case
they are considered significant for water management tasks (e.g., WFD). The change from
one river segment to another, with a unique river code and information, is located at the
junction of the river network. The river code also changes at a connection point between a
river segment and a lake. The river network has been created in such a way that all parts of
the network are linked topologically to each other and have the correct flow direction so
that the dataset can be used for analyzing the network.

BDOT500—see Al
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D1 Bridges

Bridges in Finland are one of the 536 layers in the Transport Networks theme. Digiroad
is a national dataset under the responsibility of the Finnish Transport Infrastructure Agency
(FTIA), which contains the centerline geometries of the road network and traffic-related
attributes. Digiroad is an aggregating information system that collects data from the Velho
information system of the FTIA, the Topographic Database of the National Land Survey
of Finland (NLS), the street information systems of municipalities, and the information
systems of a few other authorities (e.g., Helsinki Region Transport HSL).

The centreline geometry of Digiroad’s road network is obtained from the NLSs Topo-
graphic Database. It covers all Finnish highways, streets, and private roads, as well as the
pedestrian/cycle routes and driving paths in the Topographic Database. In addition, the
road network contains some supplementary data about the road line geometry that is not
maintained by the NLS. This supplementary road link data are supplied by municipalities
and the FTTA. These road links can be separated from the rest of the geometry with the
help of administrative class information. Digiroad’s attributes that serve the planning of
mobility include, for example, functional class of the road, information about the direction
of the traffic flow, road name and address information, restrictions on the use of the road
and street network (e.g., closed connection, turning restriction, weight, height, length,
and width restrictions), and other attributes of the road network (e.g., speed limit, width,
pavement information, level crossings).

The Digiroad data can be downloaded from the FTIAs download and viewing service
as a single package. An exception to this is the public transport stop data type, which can
also be downloaded from Digiroad’s website. The data are updated in the interface every
week and in Viylédvirasto’s data service about four times a year.

The responsibility for maintaining Digiroad data are shared between different public
administration organizations. Each organization maintains information in its own infor-
mation systems, from which it is compiled into Digiroad. The National Land Survey of
Finland (NLS) is responsible for maintaining the location information of the centreline of
the road network; the Finnish Transport Infrastructure Agency (FTIA) is responsible for
maintaining the road attribute data in the Velho information system; and the municipalities
are responsible for maintaining the road network attribute data. The responsibility for
maintaining the attribute data of private roads are shared between the NLS, the FTTA, and
the municipalities. In addition, some other administrative organizations are responsible
for the maintenance of individual types of data. Since not all municipalities submit infor-
mation about their own street network to Digiroad, the street network attribute data are
incomplete for some municipalities. The information may also be incomplete regarding
private roads [92].

Bridges in Poland—BDOT500 and /or BDOT10k, see Al.

D2 Roads

The road link from the INSPIRE (FIN) dataset is one of 536 layers in the Transport
Networks theme. A linear spatial object that describes the geometry and connectivity of a
road network between two points in the network was delivered by FTIA. Road links can
represent paths, bicycle roads, single carriageways, multiple carriageway roads, and even
fictitious trajectories across traffic squares.

Roads in Poland are collected in BDOT500 and BDOT10k database—see Al.

D3 Railway track

The railway track from the INSPIRE (FIN) dataset is one of 536 layers in the Transport
Networks theme. A linear spatial object that describes the geometry and connectivity of a
railway network between two points in the network was delivered by FTIA. Railway tracks
in Poland are collected in the BDOT500 and BDOT10k databases (see Al).

D4 Waterworks/Water supply

GESUT (PL)—the Geodetic Record of Utilities Network—is a public register that
consists of spatial and descriptive information about land utility networks; including those
designed; under construction; and already existing. The database also contains data on the
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location, purpose, responsible entities, and basic technical parameters of the armaments.
District GESUT databases collect information about all infrastructure equipment under the
ground: power and telecommunication cables, water, sewer, and gas pipes, cable casings,
underground structures, technical devices, points of specified height, poles, masts, and
transmission corridors. There are 380 units responsible for running this database in Poland.
The level of detail corresponds to a map on a scale of 1:500. Nominal accuracy for the
objects consists of the first group of accuracy—better than 10 cm; the height of the sewer
manbhole is measured with an accuracy of 1 cm. By law, the whole GESUT should be in
digital form—vectors + attributes.

D5 Gas pipeline

Information about localisation and other attributes of the gas pipeline for the whole
country is stored in the GESUT database (see D4).

D6 High Voltage Power lines

Information about localisation and other attributes of high-voltage power lines for the
whole country is stored in the BDOT500 (aboveground parts) and GESUT (underground
cables) databases (see Al and D4).

D7 Drainage ditches

Information about localisation and other attributes of drainage ditches for the whole
country is stored in the BDOT500/EGiB/GESUT databases (see Al and D4).

D8 Sewers

Information about localisation and other attributes of sewer pipelines for the whole
country is stored in the GESUT database (see D4).

4.3. Characterisation of the Spatial Databases—Terrain and Other Datasets

The sets in groups E and F represent the shape of the surrounding space—e.g.,;
DTM—Digital Terrain Model—and the state of that space as seen mainly from a top
view—an aerial or satellite point of view. These data are extremely valuable in the context
of monitoring larger areas, like a region or country. Details are in Table 4.

Table abbreviations description:

ID/Group: A—Land ownership; B—Land Use/Land Cover; C—Topographic objects;
D—Infrastructure; E—Landform; F—Other data sets.

Database source: EGiB—X; BDOT500; GESUT; BDOT10k; DTM, Geoportal [91].

Type of data: V—vector; R—raster; ASC—ASCII file; PC—point cloud.

Available from an official source: Y—yes/N—no; WMS/WFS/ADM (ADM—to obtain
files from administration); OA—Download—Open Access

Paid or free of charge: P—paid/TFREE—total free of charge for everyone for any
use/FREE-UC—free of charge under the condition.

Accuracy/resolution: <0.1 m—not worse than 0.1 m.

Timeliness of the data set: UD—up to date—all the time; UT—update as part of the
tender—depends on the place in Poland; OD—On date of acquisition.

Use of geospatial data in consolidation applications: Current use: 5—very important
data sets; a basic data set for most analysis; 3—important data sets; 1—not important data
sets, not used in analysis or used from time to time.

Potential use: 5—this data set has a great potential for use in land consolidation
analysis; 3—this data set has a moderate potential for use in land consolidation analysis;
1—this data set has a low potential for use in land consolidation analysis.

Comments on the table contents:

coml—to be made by yourself on the basis of DTM.

com2—not for the whole area of Poland in the digital version.

com3—orthophoto maps are a very popular product in Poland, so many municipalities
obtain their own orthophoto more often than government institutions [91].

com4—Download—Open Access mostly from local authorities services (BIP) as a PDF
file without georeference—only as a picture; WMS—not for the whole area of Poland.

comb5—total free of charge by COVID-19 epoch—science July 2019.
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comé6—accuracy depends on type of objects.

com7—Remote sensing data are available for civilian applications both openly (free of
charge) and commercially. Due to the global market for remote sensing data acquisition
and access services, both Poland and Finland will have the same collections with the same
parameters. Due to the multiplicity of constellations, only the limiting key parameters have
been cited: spatial resolution (0.25-30 m) and revisit time (1-16 days).

Com8—Detail 1:10,000—Accuracy as the source data; i.e.,; BDOT500; EgiB, after taking
into account the generalisation with the accuracy of the location of objects, in accordance
with the standards set by the law with nationwide coverage.

com9—In Poland; roads; due to their functions in the road network; are divided
into categories:

national roads—A (highway); S (expressway)
voivodeship roads;

district roads;

communal roads.

These roads are marked on EGIB maps. On the other hand, private roads are divided into:

internal roads,
easement roads,

that are not marked on EGIB maps.

Com10—poor map validity and low location accuracy; poor data detail; small number
of outcrops per 1 km?. Most of the soil and agricultural maps available today in PZGiK at a
scale of 1:5000 were developed in the 1960s and 1980s in analog form. For the vast majority
of the country, these maps have been converted to vector form.

Com11—Better soils increase the efficiency of agricultural production and have higher
value. Therefore, when designing land consolidation in rural areas, it is necessary to
precisely determine the ranges of soil types and types and plan a good economic structure
for agricultural production.

E1 DTM

Elevation Model 2 m (FIN) is a model depicting the elevation of the ground surface
in relation to sea level. Its grid size is 2 x 2 m. The dataset is based on laser scanning
data, the point density of which is at least 0.5 points per square metre. The product’s
coverage is based on nationwide laser scanning. Elevation model 2 m is produced in two
quality classes: the elevation accuracy in class I is on average 0.3 metres and the elevation
accuracy in class II varies between 0.3 metres and one metre. The product belongs to the
open data of the National Land Survey of Finland. The product is updated as necessary.
The elevation model is updated according to the laser scanning of the previous season if
significant changes have been detected on the Earth’s surface.

Elevation model 10 m depicts the elevation of the ground surface of the whole of
Finland in relation to sea level. Its grid size is 10 x 10 m, and the accuracy of the elevation
data are 1.4 metres. The product belongs to the open data of the NLS of Finland. The
product is updated once a month if the data in the elevation model 2 m product has changed.

Despite DTM being in raster format, there are also elevation models in raster format,
such as a contour map from the basic map raster. The themes of the Topographic database
and Topographic map raster series (scale 1:10,000) have been compiled into seven theme
entities, or theme rasters, required by the Inspire directive: hydrography, elevation, traffic
network, land use, land cover, place names, and buildings. In addition to the above, the
theme rasters also include the municipal division, road names, and map sheet division as
separate themes. The product belongs to the open data of the NLS of Finland. The updating
frequency varies depending on the feature. The spatial resolution of the product is 1:20,000.

To increase the visualisation aspects of the presentation of the DTM, there are elevation
models in the hillshade mode. Hillshade (elevation model) is a raster dataset visualizing
the elevation of the terrain. There are five product versions available in which the pixel
sizes are 2, 8, 32, 64, 128, and 512 metres. Pixel size 2 m has been produced from the dataset
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Elevation model 2 m. The other sizes have been produced from the dataset Elevation
model 10 m. The material does not contain elevation values; it is a greyscale image that
visualises the direction and steepness of hills. The product belongs to the open data of the
NLS of Finland.

In Poland, data on relief are collected in the DTM database (DTM) maintained at the
national level by GUGIK in 1 m and 5 m GRID. The source data for the development of the
DTM were classified ALS data with densities of 4/6/12/20 p/m?. Data sets were produced
in an ARC/INFO ASCII GRID file with H accuracy < 0.1 m for 1 m DTM and H error 0.5 m
for 5 m GRID. The DTM update is planned for 3 years, i.e., data for the entire country is to
be acquired again within 3 years.

E2 Slope analysis

The surface water flow model has been calculated based on the terrain database of the
NLS and the catchment area division of the Finnish Environment Institute. The material is
described based on the data by theme on different map levels. The property information is
presented for every 10 m. The results describe a situation where the ditches have been dug
as in the basic map, with the assumption that all ditches are of the same depth and size.
The reliability of the results decreases in flat areas. Spatial data does not replace the need
for terrain planning or other data sources. The source materials may contain errors that
affect the calculation results. Interpretations should not be made on the basis of a single
observation [92].

F1 Soil-agricultural map

Soil Database 1:250,000 in Finland was implemented by the Agricultural and Food
Research Center (MTT), the Geological Research Center (GTK), and the Forestry Research
Institute (Metla). The database was prepared according to the instructions of the European
Soil Office. The creation combined new production and existing data reserves using
geographic information technology (GIS) methods. As a basis, a general geological soil
map was used, the patterns of which represent the soil type at a depth of one meter (so-
called parent material). The main research subjects were the generalisation of land type
patterns using GIS methods, the derivation of the quantities needed for the database from
the existing information, and other developments in ICT methods. By interpreting the
results of geophysical low-flying data, it was possible to delineate, for example, muddy
areas and distinguish between thin peat and deep bogs. For the general soil map patterns
according to the Finnish classification, land elevation names were derived according to
the WRB-2014 system (World Reference Base for Soil Resources). From these soil elevation
patterns, map patterns of less than 6.25 hectares were removed by combining them with
adjacent patterns according to the instructions of the European Soil Office. Thus, the
land elevation patterns and the geometries of the general soil map are quite consistent,
although not identical. The patterns were further generalized into landscapes of at least
150 hectares by combining according to the rules. The characteristic information of painters
and soil types was gathered in a database from the material produced by the institutions
participating in the project. The responsible unit in Finland is the Natural Resources
Institute Finland (Luke).

F2 Ortophotomap

NLS Orthophotos is an aerial photo dataset covering the whole of Finland. An
orthophoto is a combination of several individual aerial photos. The geometry of the
orthophotos corresponds to a map. The aerial photo data set in orthophoto format is
available as the most recent data set, consisting of the most recent aerial photos available.
The most recent data are usually 1-3 years old. The second part comprises old aerial photos,
consisting of data sets that are older than the most recent data set. The oldest aerial photos
were taken in the 1930s. New data are added to the data set continuously. NLS Orthophotos
are updated every 3 years (in Northern Lapland, 12 years). The orthophoto with GSD 0.5 m
was prepared in different versions: ortophoto, ortophoto (false colour), ortophoto (forest
ortho), and ortophoto (natural disasters). The product belongs to the open data of the
National Land Survey of Finland [96]. In addition, NLS ortho, there are many regional data
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sets in different versions and different dates—e.g.,; Helsinki false colour 1982-2021 and
GSD 30 ecm to 5 cm, Helsinki orthophoto 1932-2021 and GSD 100 cm to 5 cm. Additionally,
one of the layers is LANDSAT imaginary with georeference and GSD 30 m.

Since 07.2019, another open data set has been an orthophotograph obtained from
the resources of GUGIK (Central Office of Geodesy and Cartography). This database is
systematically updated with smaller and smaller pixels, both in terms of RGB and CIR
composition [97]. The orthophotomaps stored in GUGIiK were made in the PL-1992 or
PL-2000 rectangular coordinate system, in real colours (RGB) or false colours with the near
infrared (CIR) channel. Most of the orthophotographs in Poland available at geoportal.
gov.pl are made in the GSD 25 cm standard, and in urban areas, they are made in the GSD
10 cm standard and smaller. In connection with the plans to make an orthophotomap in
a two-year cycle with a pixel of 25 cm and an orthophotomap with a pixel of 5/10 cm
for poviat cities, but with an annual shift, the area of each larger city will be updated
annually, either with an orthophotomap with a pixel of 25 cm or with an orthophotomap
with a pixel of 5/10 cm. There are also true orthophotographs on geoportal.gov.pl, which
differ geometrically from the standard orthophotograph in that they eliminate radial shifts
of objects protruding above the terrain (e.g., buildings) or “blind spots,” understood as
areas obscured by leaning protruding objects. This means that objects lying on the ground
surface (e.g., basements of buildings) as well as those protruding above the ground (e.g.,
roof edges) are presented in an orthogonal projection. The DSM is used to eliminate radial
shifts [91].

F3 Local development plan

On Finish geoportal [92] there are master plans for regions in a vector version with a
scale of about 1:100,000. The second part consists of local, detailed plans in scale 1:2000.

In Poland, the local development plan (MPZP) consists of two parts: descriptive and
graphic. The local development plan specifies a lot of information, from the intended use of
a given area to the conditions of development and development of the area, as well as the
location of public investments. Poland is not entirely covered by local development plans.
Only parts of cities and adjacent areas have local development plans. There are places
where local development plans are prepared and should be posted on the website [91], but
this is not the case. Information about local development plans can be found on local city
websites, for example: https://brmr.erzeszow.pl/mapa/ (accessed on 10 October 2023)
and https:/ /mrzeszow.e-mapa.net/ (accessed on 10 October 2023).

F4 LiDAR ALS point clouds

AIRBORNE LASER SCANNING (ALS) POINT CLOUD— Laser scanning is a method
of terrain surface registration that involves measuring the distance between the object and
the device (the scanner) and emitting and receiving laser impulses that are reflected from
the object. As a result of the known beam angle, distance measurement, and scanner space
location, it is possible to determine the spatial coordinates (X, Y, Z) of the points representing
objects on the surface. The point cloud obtained in this technology, called LiDAR (Light
Detection and Ranging), is developed in a projected coordinate system marked PL-1992
(EPSG:2180) and in a height system marked PL-KRON86-NH or PL-EVRF2007-NH. Initial
point clouds come from the ISOK project from 2010-2015—density 4/6/12 p/m?. The
next ALS project was named CAPAP. Currently, GUGIK plans to acquire ALS data for
the entire country in a 3-year cycle with a density of up to 20 p/m?, available for free
download in LAZ files. The accuracy of the classified point cloud is 0.4-0.5 m horizontal
and 0.10-0.15 m vertical.

Provided by the National Land Survey of Finland at a density of 5 p/m? and with class
attributes available for free download in LAZ files. Regarding unambiguous objects, the
standard error of elevation accuracy is at most 0.1 m, and the standard error in planimetric
accuracy is 0.45 m.

F5 Airborne multispectral products—CIR

For both Poland and Finland, see the F2 description.

F6 Satellite scenes


geoportal.gov.pl
geoportal.gov.pl
geoportal.gov.pl
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There is the same situation in both Poland and Finland. The best worldwide services
offer commercial data sets with a GSD of about 0.3 m.

F7 UAV orthophoto map and F8 UAV LiDAR point cloud

Information about technology and products could be found in the F2 and F4 sections.
Level of the acquisition can grow up the parameters of the products—GSD about 2-3 cm
and the point cloud with density about 800 p/m?. A big advantage is the scale of the
project—for one community; it makes no economic sense to make a flight with an airplane
because the area is too small. But it is a perfect situation for smaller objects like UAVs.

5. Results—Land Consolidation and Data Set Verification

In Poland, assumptions are made before proceeding with the overall land consolida-
tion project. The assumptions for the land consolidation project consist of a descriptive
and graphic part. The following materials are used to develop the assumptions: a land
and building register report, data from the agricultural census, an environmental protec-
tion program for the commune, a local spatial development plan, and, in the absence of
such a plan, a study of conditions and directions of spatial development, other studies
and analyses concerning the development of the village area, and postulates for the land
consolidation project sent by authorities and institutions.

In Finland, preliminary land consolidation surveys are carried out by NLS Finland’s
officials. At the end of the survey, the project manager submits the official land consolidation
survey report to the management team of the NLSs land consolidation unit, which makes
the decision whether it is possible to use Finnish government funding to implement the
project. The content of the land consolidation survey report is regulated. When conducting
preliminary land consolidation surveys, NLSs officials use the information systems of NLS.
Cadastral information, land register information, topographic maps, aerial orthophotos,
and agricultural administration IACS-register, from which you can see who is farming a
parcel if the farmer is different from the owner. In the implementation phase of the land
consolidation, agricultural parcels are appraised. The project manager makes a purchase
price survey of the area or municipality. All land sales are public in Finland, so making
an appraisal is relatively easy. Because of the EUs common agricultural policy, farmers
are required to take soil samples and analyze them every three years. The results of these
are used as background information in appraisals. If needed, soil scientists are used to
appraise special conditions of parcels (for example, acidity).

While the concept of the general land consolidation project in Poland should include:

(1) To determine the boundaries of building plots in the presence of the owners and to
intend and adopt them in the land consolidation project as invariants.

(2) The land of the property should be left in the existing places; a possible change of
location may take place after consultation with the Head of the Commune.

(3) The boundaries of forest plots should be established on the ground in the presence of
the owners, planned, and adopted as invariants for the consolidation project.

(4) The existing network of drainage ditches, streams, and watercourses should be
planned on the ground and included in the land consolidation project.

(5) When developing the consolidation project, the existing monuments should be left in
their current condition and, if possible, with the same owners.

(6) The main communal roads with paved surfaces should be planned on the ground and
included in the land consolidation project. The course of the main access roads to the
fields is presented in the graphic part of the general design. When designing roads,
special attention should be paid to the existing streams and watercourses and to the
technical infrastructure (power lines, gas networks).

(7) While developing the consolidation project, the existing rural ponds and ponds in the
discussed area should be maintained as future ecological areas.

(8) Maintain the current directions of plots in complexes.

(9) Keep public utilities within their current boundaries, with the possibility of their
enlargement.
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(10) Participants of the merger residing in neighbouring towns and villages, i.e., the
villagers, should allocate equivalents, if possible, in land complexes located on the
border with the village of their residence.

6. Discussion

Analyses and comparisons of Polish and Italian geoportals were performed by [98]. In
scientific publications, the authors did not come across any scientific studies that compared
publicly available geospatial data in Poland and Finland. So far, only selected geospatial
products have been used in Poland to support the consolidation process. The authors of
this study compiled what they believed to be relevant data sets. Therefore, Tables 2—4
present a comparison of data from Polish and Finnish geoportals. These data are necessary
when making assumptions for the land consolidation project or for the land consolidation
project itself. Both the assumptions and the project of consolidating agricultural land must
be based on “real” data (reflecting what is actually on the land of the village) and not data
from the map, which are not always up-to-date [53,83].

In order to optimally manage space, including agricultural space, it is necessary to have
source information about the current state of the surrounding space. Both quantitative, qual-
itative, and location aspects are important. To this end, modern measurement technologies
should be used to obtain a digital version of the surrounding world quickly and accurately.
We can find examples of such activities (localisation and quantity) in [11,15,17,99,100]. As
for the quality aspect, confirmation of the validity of this thesis can be found in [101-105].
After integrating quantitative location data with qualitative data, we obtain a kind of Digital
Twin, but in a rural version [106]. With the use of additional activities and tools, activities
can also be expanded to the level of a smart village [107,108].

In order for actions based on inventory data to be effective and in line with reality,
geospatial data must meet normative requirements. This will ensure that the proposed
solutions and procedures can be applied in different locations around the world. According
to ISO 19157 [109], quality consists of six issues: completeness, logical consistency, position
accuracy, thematic accuracy, time accuracy, and application. Digital data speeds up the
process of spatial management in both urban [13,110,111], rural [112,113], and land con-
solidation [114] in rural areas. Operating on digital data also allows partial automation of
work as well as almost “cost-free” preparation of variant versions of design solutions. In
the whole of the above process, an aspect not to be overlooked is the cost of acquiring and
integrating geospatial data; therefore, an insanely important aspect is the cost of acquiring
it. The free availability of data are an incredible boost to their use, which we can find
confirmation of in w [115,116]. In view of the above examples, this study containing concise
descriptions and information on digital geospatial datasets, their timeliness, availability,
and accuracy is, in the opinion of the authors, an extremely important source of knowledge
for the exchange of good land consolidation practices in Poland and Finland.

Data from the relevant scopes will allow a more sophisticated approach to land
consolidation processes in Poland, focusing not only on geometric and location aspects
of the farm but also, to a greater extent, on translating these into economic and ecological
aspects. Such activities are in line with the directions of the European Green Deal and will
certainly translate into reduced energy consumption and a lower carbon footprint [9,73].
Authors [74] suggest that moderate changes in food diets and land use in Finland can reduce
GHG emissions from agriculture by more than 40% by 2050. In the period 2021-2030, the
collective target of EU Member States is to reduce greenhouse gas emissions by 30% from
the 2005 level by 2030 [5].

Reducing agricultural production costs, lower fuel consumption, and a smaller carbon
footprint. It will result in better road planning for the land consolidation project. The basic
elements of transport infrastructure are agricultural roads (access to fields). Hence, the
high share of agricultural transport costs can be reduced through an appropriate system
of these roads [75]. Each newly separated cadastral plot in the land consolidation in rural
areas must have access to a public road. Consequently, the road infrastructure in a land
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consolidation project is extremely important. A public road can be called a road included
under one of the road categories specified:

national roads—A (highway); S (expressway);

voivodeship roads;

district roads;

communal roads [35];

Through a private road, you can reach a public road, and these are:
internal roads;

easement roads [36].

On the other hand, agricultural transport roads in the modernisation or construction
of new roads in the land consolidation project should take into account the sequence
consistent with the functional class:

main roads;
collecting roads;
auxiliary roads.

The road network density indicator is often mentioned by communes as the most
important consolidation effect. A very important effect of land consolidation in rural areas
is post-merger management, including the arrangement and modernisation of “agricultural
transport roads,” which provide access to each registration plot [46].

7. Conclusions

This article pursues two main scientific goals. The first purpose of this article was to
analyze the history and scope of land consolidation in Poland and Finland in order to learn
the specifics of land consolidation in a given country. Comparisons and analyses were made
on the basis of the authors’ experience in Poland and Finland with land consolidation in the
areas described. The second scientific goal of the article was to compare the availability of
geospatial data in the context of the methodology of performing land consolidation in rural
areas, which leads to increased energy efficiency in agricultural production by reducing the
need for energy, especially fuel for agricultural machinery.

The compilation of this data will allow for the improvement of land consolidation
in rural areas and the use of modern geospatial technologies for proven practices in the
field of land consolidation. Good land consolidation planning will lead to effective and
economical use of rural space. This is part of the 2030/2050 strategy. Reducing agricultural
production costs, lower fuel consumption, and a smaller carbon footprint. This is what
Poland and Finland are striving for as countries belonging to the European Union. In
EU countries with socio-economic development, the economic and energy efficiency of
agriculture is increasing [76]. In agriculture, we observe the use of modern technologies in
agricultural machinery. Perhaps soon, agricultural machines will have a smaller carbon
footprint. We hope that the exchange of experiences in creating this analysis will lead to
the introduction of proven practices of land consolidation from Finland into Poland and
proven Polish practices in Finland. We hope that the summary of the potential of individual
technologies for recording the Earth’s surface, presented in Tables 2—4, will contribute to
the interest of land consolidation designers in these data sets.

Further research should involve analysing and evaluating the effects of introducing
proven solutions in the field of land consolidation from Finland to Poland and vice versa.
Land consolidation carried out using the data listed in Tables 2—4 will allow for faster and
more effective execution of rural space development works. First of all, more effective
planning of agricultural transport routes and thus energy savings, especially on fuel for
agricultural machines, cheaper crops, and a better organized life for rural residents.
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