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ABSTRACT

The agricultural cadastre plays an essential role in land administration systems because it achieves the
spatial integrity of farming parcels, guaranteeing food security, agricultural production and land tenure.
The development of the urban-rural agricultural cadastre links technological advances with the use and
integration of geomatic tools in its planning. However, problems include tenure vulnerability, land
disputes, illegal settlements, little resource information (crop/water/soil) and territorial information.
Spatial development differs between developed and emerging countries in urban and rural areas. This
study analyses advances in agricultural cadastre development by reviewing scientific documents in
Scopus and Web of Science, which use geomatics in various agricultural regions for rural development.
The methodology consists of: (1) search strategy and studies selection; (2) multiple correspondence
analysis with RStudio; and (3) interpretation and findings of agricultural cadastre developments using
geomatics. The Czech Republic, Poland, Slovakia, Spain and Russia contribute the most to agricultural
cadastre development. Thematic trends focus on land consolidation projects and cadastral estimation/
evaluation of agricultural land (23%), topology/use/management of agricultural territory (19%) and
abandoned agricultural land spatial identification, suitability/inventory of the territory and agricultural
landscape (12%). In addition, other less frequent uses contribute to property and tax administration,
forest management, agricultural reorganisation and farm products cadastre. These studies seek to
improve agricultural conditions, increase the agricultural operations profitability, crops spatial planning
and rural reorganisation through projects that automate cadastral activities using geomatic tools such
as geographic information systems (ArcGIS, QGIS, ArcMap), Remote Sensing (SPOT, Sentinel 1-2,
Ikonos, Landsat 7-8) and remotely piloted aircraft system (unmanned aerial vehicles).
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1 INTRODUCTION
Rural development is associated with agricultural land use, forestry, agricultural production,
traditional settlement and primary industries contributing to economic growth [1]. According
to Long et al. [2] and Herrera-Franco et al. [3], this development has evolved from a
productive approach to a comprehensive strategy considering industry, services, commerce,
and rural economy diversification. Furthermore, rural settlements are essential for land use
in rural development spatial distribution dynamics [4].

Rural development responds to local/regional problems that include social (demographic
growth), economic (industrial transformation), political (territorial planning) and
environmental (ecological conservation) challenges [5], [6]. Of these challenges, the decrease
in the rural population stands out (23% less in the last 60 years) [7], and the world population
growth in emerging countries (83% of the world population) [8]. Therefore, sustainable rural
development policies are proposed that integrate the use/protection of agricultural land and
urban-rural land use planning. These policies will contribute to the Sustainable Development
Goals (SDGs) established by the United Nations to address food security problems (SDG 2).
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In addition, they use the agricultural cadastre for planning rural development and smart,
sustainable communities (SDG 11) [9].

The agricultural cadastre is a parcel-based territorial information system related to
agricultural land use, administration and management [10]. It is a tool that collects, processes
and monitors data on agricultural territories, exploitation and cultivation practices to improve
living conditions, food security and spatial distribution [11]. The purpose of the agricultural
cadastre could be global, with significant differences depending on the country’s origin,
history, cultural development, regulations and geodetic practices [12]. For example, the
European cadastre focused on tax collection and agricultural production capacity [13], while
the Australian cadastre based on land security and tenure [14].

The cadastral map is the fundamental component of the agricultural cadastre, which
focuses on georeferencing rural properties. These maps are cartographic records that consider
the properties, dimensions, shapes, and spatial relationships between plots [15]. The cadastral
map also promotes information exchange about rural areas between public administration
organisations, agricultural production and support for farmers and decision-makers [16].
Furthermore, it integrates land administration systems (LAS) technologies based on
geographic information systems (GIS) that respond to sustainable agricultural policies [17].

Geomatics considers geospatial technologies for collecting land administration data and
updating traditional cadastres [18]. These technologies have given rise to a rapid and low-
cost cadastre that affects land tenure security, territorial taxation, and land use administration
[19]. For example, global navigation satellite systems (GNSS) and GIS provide road
information such as contours, slopes and geolocation [20], [21], property registration and
sustainable natural resource management [22]. In addition, images from unmanned aerial
vehicles (UAV) and LiDAR evaluate changes in forest cover in agricultural territories [23],
and satellite images through remote sensing (RS) determine the performance of cultivation
for sustainable agricultural management [24], [25].

Some secondary agricultural cadastre studies show interest in land tenure, informal
settlements and agricultural/irrigation management. For example, Salmerén-Manzano and
Manzano-Agugliaro [26] analysed scientific publications based on land tenure between 1950
and 2020. This study highlights topics associated with social, environmental and
agricultural/biological sciences, focusing on deforestation, forestry and agricultural land
preparation in countries with the largest arable territory, such as the United States (USA), the
United Kingdom (UK) and Australia. Also, Tija and Coetzee [27] analysed improvements in
informal settlements through geospatial information related to physical, socioeconomic and
boundary aspects. The most commonly used data collection tools/methods are global
positioning systems (GPS), surveys and cameras. Theme trend evaluates observable
characteristics such as infrastructure, public services and socioeconomic status.

Additionally, Murmu and Biswas [28] reviewed image classification techniques in crop
mapping for planning, agricultural areas management and irrigation control. Supervised and
unsupervised classification are predominant techniques. This study highlights the fuzzy
classification used to categorise heterogeneous vegetation areas and concludes that crops
identified from RS estimate irrigation needs. Crommelinck et al. [29] highlight the
generalised cadastral workflow, which consists of processing, image segmentation, line
extraction, contour generation, and post-processing. In addition, this paper highlights the
identification of agricultural field boundary characteristics through aerial and satellite images
(e.g., predominant satellites IKONOS and QuickBird).

Review studies related to the agricultural cadastre include landscape reconstruction
through GIS, considering hydrology, agriculture, and forestry [30]; land concentration
through artificial intelligence (Al) integration, GIS and advanced cadastral survey techniques
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[31]; and agricultural territories formal tenure due to rural demographic growth [32].
However, the agricultural cadastre perspectives in rural sectors’ economic/social/political/
environmental development through geomatic technology that contributes to sustainable
agrarian territories are still unclear. Therefore, the research question arises: What are the
technological advances of the agricultural cadastre and its application in the development and
transformation of the rural environment?

This study aims to analyse, through a review of scientific documents in indexed databases
such as Scopus and Web of Science (WoS), the different agricultural cadastre developments
that use geomatics in various agricultural regions for rural development.

2 METHODOLOGY

This study applied bibliometric analysis and scientific literature review to explore spatial
analysis methods, geomatic technological advances, and research trends of agricultural
cadastre in rural development. Bibliometric analysis allows for identifying knowledge,
domain and research trends in any field of knowledge [33], [34]. The methodology of this
article begins with the formulation of the search equation in indexed databases of high
scientific quality Scopus and WoS. These databases are multidisciplinary platforms with
many scientific publications [35]. The advanced search used keywords, titles, abstracts, and
Boolean operators (Fig. 1). This search was carried out in February 2024 and resulted in
1,725 documents. In data cleaning, 490 duplicate documents and 17 without records were
eliminated, leaving 1,218 documents. Of these, 256 were excluded due to language other than
English [36], considering “Articles’ document types (as they represent the majority of the
results) [37], leaving a total of 584 documents. The systematic review process had two stages.
First, it considered titles, abstracts, and keywords related to the agricultural cadastre in rural
development. The second stage carried out a more in-depth analysis of the content of the
selected articles, excluding 477 documents associated with other study approaches such as
land certification, agricultural land use, agricultural land mapping and uncontrolled
urbanisation. Subsequently, the Multiple Correspondence Analysis (MCA) used the studies
that satisfied the inclusion criterion (107 documents). The objective is to configure the
relationship between technologies, the development of agricultural cadastre, and their impact
on rural development. The MCA is a method for analysing, describing, and summarising
multidimensional data to understand variables that explain a fact [38]. Data treatment and
analysis of results used the statistical program RStudio version R-4.1.2.
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Figure 1: Flowchart of methodology phases.
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3 RESULTS
3.1 Productivity and trending topics

3.1.1 Scientific contribution and influential countries

Fig. 2(a) shows the relationship between the number of publications and citations and the
years from 1935 to 2023. The general trend of publications on the agricultural cadastre
approach in rural development has been increasing. It began in the 1980s and reached the
highest publication in 2019, with publications on the description and changes in rural
landscapes formed by crops (vineyards), livestock, and forests [39], [40]. Furthermore, the
global implementation of land consolidation projects to solve problems of land fragmentation
by agricultural holdings [41]-[43].
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Figure 2:  Scientific production. (a) Analysis of scientific publication trends and citations;
and (b) Top ten most productive countries in agricultural cadastre studies in rural
development.

Additionally, 83 countries published studies related to the field of knowledge. Much of
this contribution comes from European countries (44.58%), Asian countries (24.10%) and
American countries (16.87%) (Fig. 2(b)). Czech Republic is the most productive country
(n = 112), followed by Poland (n = 79), Slovakia (n = 55), Spain (n = 42) and Russia
(n = 41). These countries highlight their agricultural cadastre studies on changes in the
farming landscape, limits, surface area, valuation of productive regions, monitoring of
irrigation water use, forest management, detection of abandoned agricultural lands, land
consolidation, and sustainable development of rural areas.

3.1.2 Trending

The tree map represents the frequency of the author’s keywords related to the agricultural
cadastre for rural development. In Fig. 3, the size of the rectangles represents the frequency
of the author keywords, and the colours represent the interrelationship between studies. The
relevant terms are “agricultural land’, “‘GIS’, ‘land cadastre’, ‘land use’, ‘land consolidation’,
‘agricultural landscape’, ‘remote sensing’, ‘land use change’, ‘land management’ and ‘land
registration’. ‘Agricultural land’ and ‘climate change’ include risk assessment studies on
agroclimatic resources, agricultural landscapes and irrigated areas to contribute to climate
change mitigation and adaptation. ‘GIS’ and ‘land abandonment’ suggest studies to monitor
the abandonment of agricultural land use and forest succession through multi-temporal data
and laser scanning to promote rural development and reduce risk to food security. ‘Land
cadastre’ and ‘land evaluation’ include studies that evaluate land and agricultural systems
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dynamics by implementing an agricultural cadastre for local community development. ‘Land
use’ and ‘random forest’ suggest crop-type detection studies through aerial image
classification and multi-temporal satellite and pixel-based mapping to contribute to cropland
productivity. ‘Soil quality’ includes studies on the suitability of agricultural cadastral lands
for implementing ‘land consolidation’ projects in agricultural management decision-making.
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Figure 3: Tree map with 35 main author keywords.

3.2 Synthesis

3.2.1 Qualitative synthesis (MCA)

The multiple correspondence analysis reveals the key relationships and interactions between
rural development, agricultural cadastre purpose, the method, spatial unit, policies, geomatic
tools, and the countries of the 107 studies related to the field of knowledge. Nearby dots
highlight the importance and linkage of the content of the studies (see Fig. 4). MCA identifies
three groups:

e Group 1: Highlights studies of agricultural land use, environmental land management,
product cadastre, land registration, landscape, agricultural suitability, reorganisation,
estimation and cadastral evaluation. These studies use the agricultural plot and farm as
a spatial unit for agricultural cartography (classification of natural resources), geospatial
location of crops, spatial classification/overlay, aerial photointerpretation,
photogrammetry and geospatial statistics. Furthermore, these studies highlight the
implementation of territorial and agricultural planning policies for rural development.

e Group 2: Includes studies on agricultural territory fragmentation, land consolidation,
agricultural spatial changes/coverage, crop classification/productivity, property
administration and taxes, farming parcel inventory, agricultural irrigation registration
and forest management. These studies use the agricultural cadastre and spatial planning
to achieve rural development and reorganisation. Agriculture is essential for the rural
population and favours rural sectors’ economic, political and environmental
development.

e Group 3: Highlights the relationship between geomatic tools and agricultural cadastre
studies for rural development. GIS (e.g., ArcGIS, ArcView, ArcMap, Corine Land

WIT Transactions on Ecology and the Environment, Vol 262, © 2024 WIT Press
www.witpress.com, |SSN 1743-3541 (on-line)



470 Sustainable Development and Planning X111

Cover, and QGIS), RS (e.g., SPOT 4, lkonos, Sentinel 1-2 and Landsat 7-8), RPAS
(drone), and GNSS (GPS) are the tools that achieve rural spatial development through
digital maps and spatial analysis. Spatial analysis allows the detection and monitoring of
crops, replanning of rural settlements and sustainable development in rural sectors.
Furthermore, using geomatics in crop cadastre activities results in greater agricultural
productivity in countries such as India, China, and the USA. However, rural countries
on the African continent, such as Nigeria and Ethiopia, require more cadastre studies
that use technology for sustainable rural development.
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Figure 4: MCA of studies focused on the agricultural cadastre for rural development.

3.2.2 Quantitative synthesis

Fig. 5 presents the quantitative synthesis of the review, which considers the variables method,
geomatic tool, spatial unit, spatial coverage, rural development, and cadastre purpose. These
variables relate to agricultural cadastre studies and their impact on rural development. The

Figure 5:  Quantitative synthesis of the review. (a) Method; (b) Geomatics tool; (c) Spatial
unit; (d) Spatial coverage; (e) Rural development; and (f) Cadastre purpose.
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quantification considers the scientific contributions of 36 countries, such as China, India, the
USA, and the Czech Republic. The predominant methods in studies related to the agricultural
cadastre are analysis and spatial distribution, spatial classification/image segmentation/
orthophoto interpretation, and geospatial localisation. A large part of the agricultural cadastre
(73.83%) uses GIS, RPAS and RS for agricultural mapping. The predominant spatial unit is
the plots, agricultural territories/farms. Furthermore, the relevant spatial coverage of the case
study sectors is the villages and districts (58.88%). The agricultural cadastre contributes to
land concentration studies, estimation and cadastral evaluation of agricultural lands (21%)
for rural sectors’ rural economic, political and environmental development (89.72%).

4 DISCUSSION

This review highlights the use of geomatic tools to advance the agricultural cadastre. These
tools allow the automation of agricultural processes, which improves decision-making in the
agricultural sector and contributes to food security in rural areas. This study found that the
fusion of geomatics tools such as GIS, RS, and RPAS with conventional tools such as
topographic and cadastral maps provide spatial information related to the agricultural
landscape, characterisation of natural resources (agricultural land, watershed), agricultural
changes/cover, and land concentration to improve agrarian performance, irrigation, food
security, and rural development opportunities (Fig. 3). Furthermore, this spatial information
has allowed the development and execution of land use plans, territorial/agricultural
reorganisation, land registration, agricultural policies and rural planning.

The analysis identifies that cadastral activity automation through geomatics proposes
precise positioning, detection, monitoring and mapping solutions for territorial
administration and decision-making. For example, agricultural classification using GIS and
GPS to determine farm products number and protect agricultural land [44]; irrigation
mapping using RS to estimate irrigated agriculture [45]; and quantification of the spatial
variation of soil properties using hyperspectral images obtained from RPAS to predict carbon
content in agricultural soils [46].

This study’s scientific contribution found advances in agricultural cadastre, which are of
greater interest in European and Asian countries due to the economy and extension of
agricultural territory. For example, countries such as the Czech Republic, Poland, Slovakia,
Spain and Russia base their agricultural classification on crops such as vegetables, sugar
beets, aromatic plants, tubers, olives, lemons, grasslands, permanent pastures and forests
(Fig. 2). These countries promote the achievement of SDGs 2 and 11 through the general
cadastre evolution towards multifunctional integrated systems such as the agricultural
cadastre, green cadastre and rural environmental cadastre, which contribute to food security,
agrarian property registration, and the value and use of agricultural land [11].

Also, Latin countries show some interest in developing agricultural cadastre. This
contribution is related to the lack of implementation of agricultural reforms, the informal
market and land tenure insecurity [47]. Furthermore, information on agricultural production
systems is scarce and outdated [48]. However, Brazil innovates in digitalisation technology,
rural property georeferencing and management to control agricultural territories’
conservation issues, land ownership and environmental monitoring [49], [50]. African
countries denote a low scientific contribution to the study subject. This low contribution
could be associated with it being the only net importing continent of food products.
Agriculture is fundamental to the African economy, but agricultural productivity is weak
[51]. This event is related to poverty, limited access to inputs/machinery, demographic
growth, lack of technology, poor availability of operational information services related to
food security, and weakness of national policies. Therefore, in some countries such as
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Senegal and Burkina Faso, there is no security of land tenure [52], South Africa faces
problems of abandonment of arable communal lands [53], and Uganda faces problems of
wetland degradation [54]. However, countries such as Sudan and Ghana focus their
classification studies on grain crops such as sorghum, corn, and peanuts with sustainable
management practices for agricultural territory [55].

This study finds different developments of agricultural cadastre related to land
consolidation in countries such as the Czech Republic and Poland. Through analysis/
distribution and geospatial statistics, they found the effects of changes in land use, landscape
structure, and protection of natural resources (Fig. 5) [56], [57]. In countries such as Russia
and Spain, cadastral estimation and evaluation of agricultural land through georeferencing,
digital cartography and spatial classification allowed soil mapping and valuation of
agricultural land [58], [59].

Additionally, this study’s review highlights various methodologies used in the planning
and operating of the agricultural cadastre. In countries such as Turkey and Russia, spatial
geolocation contributes to using and managing land protection in tea cultivation [60].
Likewise, through the point cloud methodology, Slovakia and Spain have identified
abandoned agricultural lands spatially to manage natural resources correctly and promote
rural development [61], [62]. Similarly, Spain uses aerial photo interpretation to conduct
agricultural suitability assessment studies of cereal crops, vineyards and olive trees. All these
studies use the agricultural cadastre for their farm management and administration activities
that contribute to rural sectors’ economic, political and environmental development.

The latest technological advances in agricultural cadastre merge artificial intelligence
algorithms, such as supervised machine learning, with logistic regression models for forest
use and management [63]. They also fuse digital elevation models (DEM) with
measurements through LiDAR to create agricultural LULC maps [64]. Temporal land use
and vegetation cover analysis contribute to new rural environmental cadastre policies [65].

Additionally, Al and geomatics technologies, together with human skills, have managed
to accelerate cadastral mapping at a global level, detecting and extracting cadastral
boundaries through very high-resolution aerial and satellite images that are processed and
trained with Al algorithms and geomatics tools on various cadastral topics. For example,
precise geographic mapping and surface mapping of cultivated land overlaid on multispectral
satellite images along with Al (deep neural network with weather data) improve the accuracy
of crop yield prediction [66]. The registry of potential flood zones using Al (heurons as flood
conditioning factors) and GIS (training of factor samples) improves the spatial identification
of risks or susceptibility to floods in hydrographic basins [67]. Territorial planning and
management through Al (automated visual cognition techniques) or object-based very high-
resolution image analysis to improve cadastral mapping processes such as the delimitation of
rural parcels with exact polygons [68].

5 CONCLUSION
This study identified various developments of agricultural cadastres in land consolidation
projects and cadastral estimation/evaluation of agricultural lands (23%); topology/use/
management of agricultural territory (19%); spatial identification of abandoned agricultural
land, suitability/inventory of the territory and agricultural landscape (12%). In addition, other
less frequent uses contribute to property and tax administration, forest management,
agricultural reorganisation and agricultural products cadastre. These studies seek to improve
agricultural conditions, increase the profitability of agricultural operations, spatially plan
crops, and reorganise rural areas through projects that automate cadastral activities using

WIT Transactions on Ecology and the Environment, Vol 262, © 2024 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



Sustainable Development and Planning X111 473

geomatic tools such as GIS (ArcGIS, QGIS, ArcMap), RS (SPOT, Sentinel 1-2, Ikonos,
Landsat 7-8) and RPAS (UAV).

Agricultural landscape analysis, the reality of rural settlements and the use/protection of
natural resources through the application of thematic digital maps focus on spatial planning,
rural development policies and decision-making in the agricultural management of rural
areas. Generally, villages with agricultural fields/farm plots are cadastral spatial units.
Therefore, this contributes to the conversion of these areas into potential economic, political,
and environmental sectors. In addition, the preservation of natural resources and the
sustainable development of agriculture contribute to the ecological tourism development of
agricultural fields.

This study does not include documents related to the LAS. However, it could be relevant
for developing the agricultural cadastre because it manages tenure, value, land use, and its
relationship with society. Also, the data source is limited to two high-quality bibliographic
platforms recognised worldwide, without considering databases with other indexes of local
or regional impact. In addition, articles in the English language were considered because it is
the most predominant language on the topic. Furthermore, the multiple correspondence
analysis shows the research gap related to using geomatic tools in the advances of the
agricultural cadastre for rural development. Therefore, this study recommends research
associated with spatial planning/governance through geomatics for the integrated
development of urban and rural areas. Also, research related to promotion and development
through Al and geomatics techniques to improve land use care and promote food security.
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