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Abstract:

Available data regarding environmental sciences represents an extremely
complex set of inputs since that field of science became one of the most
dynamic areas of scientific research. Data science has a huge impact on
environmental analysis, offering an abundant scope of new techniques that
are used to understand even the most seldom environmental processes.
There is no doubt that it is a multidisciplinary challenge because it deals with
many fields such as statistics, artificial intelligence, social sciences, psychol-
ogy, economics, health, etc. Environmental studies forced societies to try to
answer questions regarding processes of climate change, human pressures,
negative impacts on land, water, and air quality, energy efficiency, health, and
food safety, biodiversity and many other aspects. In order to answer those
questions, the results of qualitative data analysis must be taken into account
when assessing the situation and defining measures for the improvement
of particular ecosystems. The aim of this paper is to emphasize a necessity
for qualitative data collecting and analyzing through presentation of some
assessment examples aimed to define importance of social dimensions in
environmental sustainability.
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1. INTRODUCTION

Data science is not mainly focused on understanding and manag-
ing analyzed data in the environment. Many processes and challenges in
environmental science need new techniques and ways to process data.
Especially when the most critical topic in today's world is climate change
and its impact on life in general. This paper has a goal to determine the
potentials of using data science in environmental research, and addi-
tionally to highlight crucial challenges for qualitative data analysis in
environmental science.

A metonym for data science is a “big data”, which gives us a complex
data connotation. However, the real test is when dealing with a diver-
sified/heterogeneous source of data. There is a great potential for data
science in the environmental field, and that potential is filled with chal-
lenges that can be overcome with new techniques and approaches [1].
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Understanding the environment represents a mul-
tidisciplinary task which includes ecologists, hydrolo-
gists, pedologists, biologists, chemists, physicists, and
analysists, along with political science which enhances
the impact of social sciences in the processes. How big
of an impact social science have, can be shown by an
example of natural capital and ecosystem services [2].

Natural capital is mainly focused on water, soil, air,
energy resources, and living beings, while ecosystem ser-
vices are primarily focused on sustainable and integrat-
ed management of complex ecosystems and all of their
aspects, including ecological, social and economical [3].

This shows how much environmental science de-
pends on data [4] (like most other science fields), which
leads to a transparent and exact science approach.

It is essential that environmental science effectively
integrates data science in its work process, and to look
up to branches of science which are more advanced in
collaborating with data science, e.g. physics [5] and bio-
informatics [6].

These suggestions open up a lot of questions and can
start a lot of debates. Most of those questions are related
to the integration of the complex sets of data, which have
to be transformed in an agreeable collection of new find-
ings which can be later applicable in practice. Most of the
practice includes strategies, frameworks, policies, man-
agement plans and possible solutions for a series of chal-
lenges that environmental science deals with every day.

It is obvious that the relationship between data sci-
ence and environmental science should be strengthened,
and there is no doubt that they should become a sym-
biotic entity.

2. HETEROGENEOUS DATA CHALLENGES

Challenges and obstacles in data usage are differ-
ent and can depend on the area of the science studied,
however, the main factor which determents that level
is diversity in main sources, along with the type of the
data involved. Data science most often is identified with
data’s four Vs: volume, velocity, variety, and veracity [7].

Data from environmental science comes from many
different sources, and the processes are supported by
many innovations during the collecting:

1. A large number of data is collected through a
remote sensor, by observing the environmental
area without interfering in one’s life flow. It is
usually done by using satellite imaging, airplane
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imaging, and pilotless aircrafts imaging. These
types of research include passive activities such
as photo and infra-red images, and active ac-
tions like LIDAR or Radar, LandSat NASA, and
many others [8].

2. Systems and technologies for observing the
Earth which uses sensors for collecting data
from all layers of the atmosphere: lithosphere,
biosphere, hydrosphere, and cryosphere. Sys-
tem based on these technologies is occasionally
obtaining the data, although today more often
is a real-time obtaining through long-distance
transfer. Internet of Things (IoT) is playing a big
role in observing the natural environment by us-
ing the sensors for real-time data [9].

3. Data obtained through fieldwork is kept grow-
ing. The precision of the collected data during
the field trip is high in accuracy and a good ex-
ample is a mobile application in a field of biodi-
versity called Big Garden Bird Watch [10].

4. Historical records are of great importance for
environmental sciences because many of them
are digitalized. However, there is still a lot of
data that is not digitalized especially on the lo-
cal level.

5. The analytical approach in the research regard-
ing modern ecology is extended through web
platforms such as social media. Many examples
show how social media can be used to inform
the community about potentially dangerous
events like floods, severe weather storms, and
many other natural disasters.

Reliability of the data in environmental science is
under a question mark. That is the case, especially when
dealing with the data collected from local communi-
ties. That kind of data can differ based on the common
knowledge of the participants of the survey. Also, it is
very important to mention that sometimes data ob-
tained through satellite imaging can be less accurate
than the data obtained during the fieldwork. Another
problem arises from cheap equipment which becomes
less and less reliable but easy to acquire.

Diversity of the data in environmental science indi-
cates that we need a way to creatively use data sources,
on the other hand, it urges us to connect different sets
of findings. The challenge of data in environmental sci-
ence is the most prominent when one's trying to reach
a higher level of the interfering of a couple of sources
during the data collection.
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Eionet - European information and observation
network, which works alongside with EEA (European
environmental agency), has a great role in Serbia for
integrating the monitoring and reporting on the field.
The EEA web of the agencies is made of many European
centers, 900 experts from 37 worldwide countries, over
300 national agencies along with other entities which
deal with environmental issues.

One of the most significant focuses of information
systems is collecting data based on indicators in the en-
vironment and their impact on human health, as well
as connecting with the World Health Organization
(WHO) and their Environmental Health Information
System (ENHIS). One of the goals of that department
of WHO is to estimate the effect of climate change on
human health as well as creating protection measures.

ENHIS is mostly focused on the connection between
human health and environmental issues. One of the
greatest challenges in this area of interest is the fact that
indicators of the status of the environment can differ
from the general health conditions of the population.

There are potentially useful, but insufficiently used,
qualitative data collected through surveys conducted
within local communities with the aim of assessment of
social issues relevant for environmental protection and
human health [11].

3. QUALITATIVE DATAANALYSIS EXAMPLE

Research conducted was focusing on professional
opinions regarding ecological and economical instru-
ments along with systems of environmental protection.
The research was carried through with online surveys
sent to 300 e-mail addresses. In the end, 236 surveys
were returned filled [12].

Participants are representatives of local government
offices, civil society organizations, scientific and research
institutions in Serbia.

All the data was collected using Google Forms and
stored into Google tables. Cookies were used to ensure
that one IP address can deliver one survey.

Questions with numeric (ranking) answers were
analyzed in Microsoft Excel, while all answers on open-
ended questions were analyzed in NVivo 12 Plus' soft-
ware. It was a useful tool for presenting all kinds of
answers for open-ended questions. In that software, an-
swers were coded into categories and analyzed based on
the obtained results.

1 NVivo 12 Plus - https://www.gsrinternational.com/nvivo/
nvivo-products/nvivo-12-plus
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For example, one open-ended question in this survey
was: Who should finance environmental protection?

All the answers were coded in a category relevant
to respondents’ opinions. In the end, there were seven
categories including government, polluters, local com-
munity, non-governmental organizations, international
organizations, all together and others.

Fig. 1. shows the results for this question, analyzed us-
ing NVivo 12 Plus software and presented as a word cloud.

The analysis shown above cover only one open-end-
ed question. Not only that it presents us with the com-
plexity of the research, but also it illustrates how difficult
it is to plan appropriate measures for improvement in
the field of environmental protection.
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Fig. 1. -Who should finance environmental protection?

The analysis of quality data show that 71.6% of stake-
holders think that the expenses for the protection of the
environment should be financed by all members of the
community (polluters, government, local communities,
international organizations, NGOs and others).

Other questions from the survey, which are not
shown in this publication, clearly point out the fact that
this answer is far from reality. Financial support is cur-
rently obtained from polluters and the government for
most of the environmental issues. In order to declare
responsibilities for each individual to finance protec-
tion of the environment in exchange for gaining profit
through certain production or processing, it's necessary
for quantitative data of environmental impact to exist,
especially in the area where such action is happening.
Monitoring of the environment is a necessary part of
the process of determining the financial obligations of
certain parties for the needs of protection of the envi-
ronment.
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On the other hand, existing data regarding the status
and intensity of pollution, which are emitted by certain
parties, (even the ones who are pretty well systematized)
does not necessarily mean much, especially if the local
community did not get them serious and accepted them
as relevant. The current government stand is that parties
who pollute the most should be the ones who finance the
protection of the environment.

However, local communities, civil sector and sci-
entists all agree that financing for the protection of the
environment should be the responsibility of everyone in
that community or country. The ultimate goal of each
research is to create a summary for policymakers, which
will give a proper pathway for them, but only if they
are based on integrations of quantitative and qualitative
data of socio-environmental researches.

4. QUANTITATIVE DATAANALYSIS EXAMPLE

For the purpose of getting better insights on how dif-
ferent reality can be, quantitative analysis was conduct-
ed with questions which include ranking series. These
kinds of questions were able to draw the answers which
will eventually show the real difference between subjec-
tive feelings and objectives of the reality.

Quantitative data analysis shown in the Fig. 2. in-
cluded participants from many different educational
backgrounds. From individuals with secondary educa-
tion to individuals with Ph.D. degree.
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Fig. 2. - Participants ranking the water, air and soil pollution,
in their own opinion.

Results were, as expected, an overlap between subjec-
tive feelings and objectives of the reality. As it can be in-
ferred from the Fig. 2., greater percentage of participants
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ranked water, air and soil pollution to be in the higher
level of 3 and 4 on a scale of 5. On the other hand, just
a few participants marked levels of 1 on the scale, and
levels 2 and 5 were marked approximately in the same
percentage.

These results were really important to show the
awareness of the people in Republic of Serbia, regarding
environmental protection. It shows just how much glob-
al influence through mass and social media sculptures
the minds of society. However, information given by
the public institutions is most of the time rare and with
a lack of details. Field of environmental studies should
focus more on improving the channels for distributing
valuable and accurate information regarding, if possible,
real time data for all people interested in current status
on environmental issues, whether those individuals are
environmental professionals or citizens.

There is a huge data, measured from different envi-
ronmental branches, but most of those results are not
analyzed and therefore the real picture and status of the
environment can not be established.

Fortunately, the difference between today’s assump-
tions regarding status of the environment and real-time
results is not significant. Still, there needs to be better
cooperation between data science and environmental
science in order to obtain and publicize results with cer-
tain scientific weight. Better and more improved data
science technologies can help with that, so this kind of
surveys can be taken on another level where all results
will have a bigger impact on the subject.

5. CONCLUSIONS

Environmental science, along with physics, chemis-
try, biology, geosciences, biophysics, physical chemis-
try, etc., belongs to the basic natural science sector [13].
What makes it even more complex is the fact thatitisa
multidisciplinary science, which brings a certain level of
responsibility to properly answer most of the miscella-
neous questions. To answer those questions, researchers
need to use a wide spectrum of analytical instruments.
Those instruments can include processes such as data
collecting, processing, and analysis, management and
diagnostics.

Furthermore, it can be concluded that modern eco-
logical reality requires a high level of understanding of
the systems of the environment, which brings us back
to the multidisciplinary approach for this branch of sci-
ence [14].
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The great challenge still remains to be the manage-
ment of complex data, including interaction, crossing
and using data from many different systems and fields
of study.

The integration of data from environmental science
is exceptionally important because we have a diversity
of inputs from different sources. A new type of science
emerged, which will have new approaches to overcom-
ing those challenges [15].

The road towards a new type of science demands
new incentives, which can be important for developing
in a field of research. That included adaptive approach-
es in sampling and data collection. Furthermore, it will
include adaptive modelling along with new techniques
that are going to correspond with more complex and
diverse environmental data, including data streaming in
real-time [16].

Above all, the integration of qualitative data analysis
into an environmental quality monitoring system is very
important for assessing the socio-ecological status of a
particular area.

To strengthen the symbiotic connection between
data science and socio-environmental science takes
time, however, that relationship could be a basis for
further improvement of environmental policy making
process.
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