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Abstract—Data enrichment uses resources to fill gaps in
customer data sets, enterprise systems, marketing, product sales,
and related applications. Environmental applications have the
potential to be enriched by aggregating georeferenced data from
external sources. The data available on the Web might be a viable
alternative to support data enrichment. Usually, this process is
done manually, at a high cost of time and human resources.
In this context, georeferenced data enrichment using external
datasets is a viable and available resource that can be used to
reduce financial costs and improve the geographic localization
process, which directly depends on appropriate hardware, such
as GPS devices and human availability for data collection. This
paper presents two main contributions: (i) a data extraction
process, which enriches georeferences in a specific application;
and (ii) a data enrichment process, which indicates potential risks
in environmental areas with potential soil degradation problems.
We validate the extracted data from the Web, using these data
in an application to verify the distance between areas classified
as degraded and possible points of interest in or near urban
areas. Finally, it is essential to point out that the research has an
interdisciplinary essence involving information systems and the
environment, collaborating with both domains.

Keywords— Georeferencing, data enrichment, environment, ex-
traction web data, environmental retrieve information

I. INTRODUCTION

Environmental mapping of degraded areas is usually created
through in loco visits. Identifying degraded areas consists of delim-
iting the geographic coordinates of their respective boundaries. The
delineation of areas can be identified in Web repositories, providing
alternatives to enriching geo-referenced databases for environmental
scenarios. The first step in enriching data is identifying repositories
of interest for the area under study. The paper describes the use of
geographic coordinates and site identification to identify potential
side effects in nearby regions, as described in Section IV.

The main problem in this context is finding georeferenced data
on the Web related to delineating degraded areas. Usually, these
are data with limited access, but free or non-commercial tools are
essential for delineation with good geographic accuracy. Another
critical issue is acquiring georeferenced data, which has a high
cost and is a barrier for many rural properties. This difficulty leads
to obligatory irregularities for small plots associated with family
farms. Data sources are made publicly available on the Web as
tables of geographic data for a variety of areas, including urban
sustainability, transportation networks, policy studies, and health.
However, environmental fields are particular, making it challenging
to use generic data common in other fields.

Another essential aspect discussed in this paper is eXtensible
Mark-up Language, XML, which has been widely used as the
standard language for data exchange [18]. The data extraction used

in the paper inspects content with Keyhole Markup Language (KML)
format, which uses XML as a framework. The content of this type
of file stores various data, but the research explores only a subset
referring to coordinates for delimiting polygons or locating specific
points in geographic areas.

The paper presents an alternative to the enrichment of georef-
erenced data that contributes to identifying and monitoring envi-
ronmental impacts in degraded areas and their consequences when
detected near urban areas and essential reference points such as river
sources. In this context, the georeferenced data were obtained through
web extraction in government portals with public access without
commercial licenses. It is important to mention that the proposed
approach is not restricted to degraded areas. The delimitation in this
subarea of the environmental domain has been used to specialize
enrichment. However, the enrichment-related approach can be applied
to subsets of data from the same domain, such as agriculture, rainfall,
and animal control.

The data enrichment process can be classified into six approaches
[6]:

• Data fusion: a procedure for unifying data from multiple sources
representing the same entity with consistency and valuable
presentation.

• Data entity recognition: a process of identifying words in
texts, finding and recognizing names of people, companies,
organizations, cities, and other predefined entities.

• Data Disambiguation: a method for disambiguation or elimina-
tion of ambiguity is the process of identifying the correct data
entity in the presence of inconsistent and ambiguous variations
in entity names.

• Data Segmentation: a process of grouping data into a set of
predefined attributes.

• Data Input: an approach to estimate values for missing or
conflicting data items.

• Data Categorization: a procedure for identifying data into dif-
ferent categories based on topics, events, or other features.

The proposal described in this paper uses data entity recognition
to identify valuable data for the proposed enrichment. Although
researchers have divided web data extraction into different problems
based on the modality of the data, they have faced similar problems,
such as identifying relevant data for the domain under study using
prior knowledge related to the web environment [8]. The extractor
used in this paper is a complementary tool to adequately prepare the
data for mapping to the selected entity from the target database. This
data is essential to generate reports with georeferencing related to
environmental information.

Data extraction in web environments does not have a specific
domain for data enrichment. The focus is generally on enrichment
without a vertical target for the data. In this context, our proposal
contributes with an environmental domain approach, which focuses
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on a practical application for data enrichment in a real scenario related
to monitoring degraded environmental areas.

We aim to use a simple application architecture as a tool to
identify side effects near degraded areas using georeferenced data
obtained through data enrichment from web sources. The metric used
to evaluate the results was defined with geographic identification of
sites within a predetermined radius in geographic areas. It is essential
to see that degradation like erosion scan leads to siltation of springs
that cause irreversible environmental impacts depending on the degree
of degradation. Therefore, the result of the enriched data identify
potentially damaged sites. After the site’s indications, a comparison
between the resulting information and the regional maps is possible.

Our proposal suggests a viable alternative for enriching georef-
erenced data. Section III, provides an overview of a computational
architecture for extracting, cleaning, and linking external data sources
in a web environment to tables in databases.

This paper presents four contributions regarding georeferenced
data extraction for enrichment related to the natural environment:

• Web data extraction: objectively and practically shows a viable
alternative for web data extraction as an alternative to enrich
georeferenced databases.

• Georeferencing: presents how to use georeferenced data as a
resource for environmental monitoring of degraded areas.

• Data enrichment: presents web application architecture for data
extraction with goals to enrich a georeferenced database.

• Environment: describes a computational solution to assist envi-
ronmental consultants and technicians in monitoring degraded
areas identifying possible impacts in nearby regions.

This paper is organized as follows. In Section II, we describe works
related to web data extraction and georeferenced data enrichment. In
Section III, we present the proposed architecture for data extraction,
cleaning, and association. In Section IV, we present a case study. In
Section V, we discuss some conclusions and possibilities for future
work.

II. RELATED WORKS

In the context of research, the enrichment of georeferenced data
depends on the extraction result. According to [7], data extraction
from web pages started in the 2000s. Currently, the proposed so-
lutions are essentially used with wrappers or programs to extract
information from the web. Although there are several papers on this
topic, this section will cover some works related to the main topics
of this paper. This section provides an overview of approaches to
extracting data from web content based on the XML structure, such
as the KML. We point out the difference we propose related to each
work discussed.

According to [2], poor data quality has various causes and is a
challenge that should not be underestimated. Sometimes, the data
source is in the wrong format or range of values, and data must
be cleaned or validated. High data quality is desirable and the
main criterion to determine if the enrichment was successful and
the statements are correct. Our paper presents an alternative to data
enrichment from web extraction. High data quality is possible when
the data are suitable for use and meet the objectives set by data users.
This definition clarifies that data quality highly depends on context,
synergy, needs, uses, and access [1].

The research described by [19] addresses data integration in
the biomedical domain. Despite being a different domain from the
one addressed in our paper, some similarities, for example, data
integration for information generation, can be observed. However, the
authors’ proposal presents query integration without data extraction.
In our research, extraction is one of the steps for using data in
georeferencing applications.

The research presented in [20] gives a general analysis regarding
techniques for extracting data from the web. Extraction is one of
the essential points of the present research, with the differential in

data extraction as part of the solution for data enrichment in the
environmental domain. This paper referred to some items, such as
constructing the micro parse to analyze raw content and structuring
it for database storage.

In [21], the authors address data enrichment using web documents
as sources, which is the approach we also used in our research.
Similar to what was described in [20], the research has the main
objective to evaluate improvements in querying the enriched database.
Our proposal has no perspective of directly analyzing the enriched
data since verifying the data quality is certified by visualizing the
data in specific geographical scenarios. Plotting the polygons in
environmental preservation areas indicates the accuracy and quality
of the enriched data.

The research presented in [22] investigates the domain associated
with dictionaries for natural language. In our approach, numerical
values represent the data domain, so post-processing for validating the
data associated with a specific vocabulary is unnecessary. However,
the mentioned research also contributed to constructing the micro
parse used to select the relevant numerical values to create georefer-
enced coordinates.

The paper presented by [17] takes a similar approach. However, it
uses generic semi-structured data, while the approach of our proposal
is to use structured data in a specific area of the environment.

Analogous to our approach, the authors in [24] also developed
research focusing on data enrichment for agricultural policy support.
However, the domain is slightly different as we addressed data
enrichment for the environmental domain, but they are related or
complementary. Other topics that are similar to our needs also relate
to the storage and query of the extracted data. Both papers use
relational databases as a resource for storing the data arranged in
tables for the agility of the queries. We have used the proposal
presented in [24] as reference rules for the parse developed in our
research. A similar approach identifies georeferenced coordinates
storing databases after cleaning them.

Data extraction using the web as a source usually uses applications
written specifically for this purpose. Creating a generic application
becomes almost unfeasible in the face of the diversity of structures
used to build pages that are the public repositories usually used by
extractors. In our proposal, we have created a tool with a graphical
interface to visualize the extracted data in all stages. A similar
approach has been presented in [23], composed of an API and
a graphical interface that presents the implementation extraction
use. In our approach, the extractor implementation was developed
specifically for a dataset with characteristics previously defined for
KML files. We highlight that the format used is not restrictive but
used as a delimiter for demonstrations presented in the results section.

Finally, the environment targets enriched data, such as the ex-
traction and enrichment of georeferenced data to delineate degraded
areas. The paper [5] defines land degradation as a process in which the
biophysical state of the environment is affected by a combination of
natural or human-induced processes acting on the land. This process
can lead to an acceleration of degradation. Plants and animals that
generally play a role in restoring the land may not survive. The
enriched data can identify the potential environmental impacts of
nearby threats.

The information presented at the end of Section IV refers to
regional reviews of sites based on data enriched with web extraction
and data imported from state datasets. In this scenario, the proposed
application is limited to verifying distances between geographic
points. The work [7] presents a solution independent of structural
changes in the data source. Traditional wrappers rely heavily on struc-
tures such as HTML as sources. In this work, syntactic rules identify
the content of interest. Other environmental monitoring initiatives
are described in [4], where an open-source software called ”Free
and Open Source Software (FOSS) for land degradation vulnerability
assessment” is presented. The idea is to identify different levels
of vulnerability using models of Environmentally Sensitive Areas
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(ESAs). [3] presents another initiative with ”Open Foris”, which is
a set of free, open-source software tools that facilitate collecting,
analyzing, and reporting forest inventory data. It is important to
note that the application proposed in the paper covers the extrac-
tion, enrichment, and operations with georeferencing of regions in
environmental areas. The other works referenced focus on analyzing
soils and data related to inventories, so the paper’s approach can
contribute to different situations.

The biggest challenge is having high-quality georeferenced data,
which are usually restricted since they are obtained with expensive
equipment or provided through equally expensive private services.
Delimiting an area for monitoring with generic datasets, with preci-
sion above 30 meters, for example, can compromise results associated
with mapping and applications requiring accuracy. In this sense,
the article shows a viable and reasonable alternative to aggregate
georeferenced data to the integrated database systems for geographic
identification and monitoring in the environmental scenario.

III. PROPOSAL

The proposal provides a viable, cost-effective solution for aggre-
gating georeferenced information from external sources into entities
in databases. This solution supports applications using environmental
georeferencing data. Furthermore, using georeferenced information
contributes to regulatory requirements, such as delineating perma-
nently protected areas, river sources, rural headquarters, and property
boundaries.

The proposal’s development began with identifying the type of
data source appropriate for the specific domain. Web sources related
to georeferencing for the environment using the standard KML. Next,
was developed a prototype for extracting data about selected sources,
allowing integration with environmental databases. The final step is
to enrich the data with entities from the environmental databases to
produce information about secondary impacts in urban areas or at
sites of ecological importance near degraded areas.

A. Infrastructure Detail
This section presents an overview of the proposed architecture

for extracting, cleaning, and associating georeferenced data in three
steps. The first obtains data from external sources from an address
(url) specified by transferring the content to a local structure. The
next step refers to data cleaning. After this step, the captured content
is analyzed, and redundant data is removed using a micro-parse to
identify relevant content such as territory names and geographic co-
ordinates. The last step refers to the association of the georeferenced
data with the data of the target schema. The association is done under
user supervision using an intermediate entity. This oversight must
show the correspondences between the entity’s attribute value and
the captured georeferenced coordinates. Section IV presents the use
of coordinates for data enrichment in environmental scenarios. Figure
1 shows the structure of the data after extraction without cleaning it.

Fig. 1. Remote Data Source Structure.

IV. RESULTS

The most significant value for enriched data is the georeferenc-
ing of the natural environment. Environmental georeferencing is

essential for water resource identification, rural access, and mapping
of degraded areas. In situations where environmental regulations
are not respected, such as deforestation in restricted areas, court
proceedings verify the development of the regeneration process for
the specified area. In this sense, georeferencing is essential for
temporal comparisons and tracking. Web data extraction refers to
georeferenced data. This data type was chosen for its relevance to
the environment, as shown in Figure 2. Figure 2 also shows the data
collected at an initial stage without any transformation. The data is
not yet usable at this stage, as it is still in the original structure without
any modification to make it accessible to external applications and
users.

Fig. 2. Raw Content.

As shown in Section III, the data used came from KML files after
extraction. All the tests were performed locally, and the datasets used
are also available on the web using the same infrastructure. It is
essential to note that this file format is used and shared by many
geoprocessing applications. Despite a large amount of data available
in this file format, only two data were used. In this case, the name
of the georeferenced area or point and the coordinates were used to
delineate it. The coordinates are essential for enrichment operations
performed with the profit and loss database.

After the data is extracted and cleaned, it is temporarily stored in
a local database. The main objective of this temporary database is to
have the possibility of structured data storage, during the cleaning
step. The use of a temporary database simplifies the association
between the database entities for the enrichment and the local data.
Both are data organized in entities and attributes, as shown in Figure
3. In a further step of the enrichment, the temporary data is clear for
new operations.

Fig. 3. Area Association.

The contribution of enrichment is the aggregation of georeferenced
data on rural properties, which are data related to degraded areas.
Erosion and large deforested areas near river sources or urban areas
result in significant environmental and urban problems, especially
with vertical erosion close to cities.

An important point raised by [12] refers to the classification of the
data, which allows comparative analyzes in different regions such as
protected areas, national parks, and others. The proposed enrichment
process incorporates complementary data, adding resources later used
to improve information generation. The application allows manual
intervention in the prototype to classify the geographic data extracted
and linked to the target database. The areas were classified into six
groups according to the specification of an environmental specialist.

A. Information from Enriched Data
An example using the government database is shown to illustrate

data enrichment. This database contains the central geographic lo-
cation of all counties and districts in Brazil. This reference was
used to calculate the distance between the center of urban areas or
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districts and the center of degraded areas, using the equation 2. For
illustration, we have used a radius of 100 km from the center of
the degraded areas. Figure 4 shows the pseudocode representation
of the algorithm used for checking possible affected areas. Figure
5 illustrates a geographic area with localities in the Amazon border
zone identified with the criteria data enriched from the extraction.
Two equations were used for this calculation. The first identifies the
center of the degraded area, and the second calculates the distance
between the center of the degraded area and the center of the urban
areas according to the Haversine Equation 1. The Haversine formula
is a mathematical equation for calculating the distance between
two coordinate points. The distance result obtained by Haversine
is considered the smallest circular distance on Earth. The formula
avoids a significant rounding error compared to other algorithms such
as Pythagoras Equirectangular or Euclidean distance, which is also
used to calculate the distance between two coordinates [10].

hav(Θ) = hav(φ2− φ1) + cos(φ2)hav(λ2− λ1) (1)

In addition, was used an equation for calculating the midpoint for
geographic areas of polygons, given in Equation 2. The result defines
the first point between the area to be verified and the second point,
which is in the middle of the nearby locations.

∆σ = (sin∅1sin∅2 + cos∅1cos∅2cos(∆λ)) (2)

As seen in Figure 4, the information generated by calculating
distances between damaged areas and points of geographic interest,
such as cities and river sources, can help develop preventive measures
to restore these areas and prevent further damage nearby. The
approach adopted for storing and visualizing the information uses a
temporary storage table for display in a graphical user interface. As
described earlier, the criterion for determining the distance between
the central points of the damaged areas and the geographic points of
interest was 100 km. This value was the reference used to search the
geographic locations within this radius. The relevant areas included
in the specified region are temporarily stored in memory with the
data: Description of the location, distances, and State, as shown in
Table I.

Fig. 4. Impact analysis algorithm.

Confirmation of the degree of degradation and the consequences
for nearby sites depends on technical criteria established by tech-
nicians and environmental consultants. In this sense, technicians
can confidently set parameters for the analysis, such as the type
of degradation and the appropriate distance between degraded ar-
eas and areas of interest. The scenario proposed in this paper is
illustrative because any technical criterion was used to determine
that the distance of 100 km is technically valid, but the intent is
to present a realistic example of the use of enriched data from data
extraction. Although the definition of distance-related metrics is a

parameter defined by technicians in the environmental field, there
is no commitment to the paper’s proposal. The test scenario was
created flexibly for adjustments in calculating distances that meet
environmental requirements.

Fig. 5. Search area.

The Table I shows in tabular form the found locations for
radius=100km. Although the defined radius is large, it is only
illustrative, and values can suit different requirements.

TABLE I
QUERY RESULTS.

Country Location Distance State
Barão de Melgaço Barão de Melgaço 84 km MT
Barão de Melgaço Joselândia 67 km MT
Santo Antonio Mimoso 80 km MT
Santo Antonio Terena Indigenous Village 61 km MT

Another important point related to the extracted data analysis is
the terrain’s surface. These analyses include data on heights for each
geographic coordinate, which is generally not obtained from GPS
devices or websites that provide open geographic datasets. The Open
Elevation API (https:openelevation.com) was used for this type of
enrichment, which provides elevation data for geographic coordinates
(latitude and longitude).

Figure 6 shows the representation of a degraded area and the
elevations for each coordinate. Irregular heights can indicate potential
soil erosion. The surface of the degraded region leads to possible
rainfall shifts leading to erosion of soil and substrate.

Fig. 6. Map area.

The review of the degraded area contributes directly to the impact
that any soil shifts may have on nearby relevant points. With this in
mind, an analysis was performed from the lowest elevations of the
degraded area to nearby points of interest, according to the potential
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direction of possible ground shifts. It is important because degraded
areas with sloping surfaces to points such as river sources or highways
may have more significant impacts depending on the distance between
them.

B. Results Considerations
The results obtained were satisfactory and illustrated extension

possibilities for other applications. We have found difficulties creating
a micro-parse to analyze the captured content due to its heterogeneity.
Although the pages follow the same structure, some may have a
different structure depending on the tool used to create them.

Data enrichment was performed satisfactorily with only one limi-
tation: creating an intermediate table to link the georeferenced data to
the target table. In data enrichment, changes to the data structure are
essential in some cases, as it involves adding new data to a structure
that was generally not prepared to accommodate it.

The content presented in this paper related to georeferenced
data can be used as references for analyzing the distance between
different environmental areas. The availability of this data in the web
environment is large and promotes essential data sources. Another
critical point is the availability of georeferenced data by government
agencies, which also serves as an alternative for data enrichment.

Monitoring degraded areas is an ongoing task that presents numer-
ous difficulties. The paper does not deal with this subject in depth
but presents a satisfactory solution that contributes to consultants and
environmental engineers of governmental regulatory agencies.

V. CONCLUSIONS AND FUTURE WORK

This paper describes an alternative for data extraction in a web
environment in the environmental domain, specifically with geo-
referenced data. We have presented a consistent way to enrich
databases with georeferencing to the environment. The proposal does
not aim to exhaust the topic but to present an alternative to the
growing demand for environmental data. The cost of obtaining this
type of data is relatively high, and as shown in the paper, public
access tools are feasible. Government interest in monitoring the
conservation or restoration of protected areas is constant, and cost-
effective alternatives must be analyzed to meet this demand. Two
central points are essential in research as contributions. The first refers
to the enrichment of environmental data by extracting data available
in both government portals and APIs. The second contribution relates
to developing tools to assist environmental engineers in monitoring
degraded areas and potential impacts on nearby sites. An essential
contribution to this research is to extend the import capabilities to
other web data sources besides the file structure presented in this
paper. This approach will help add more resources to rural properties
in an environmental context, leading to essential allies for inspections
in various government administrative areas.
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