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Environmental informatics and
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multi-dimensional global change
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The future trends in studies of environment and multi-dimensional global change
are presented.
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Current environmental problems related to the climatic changes, global temperature
rise and anthropogenic pollution of atmosphere, ocean, rivers, lakes, soils and cryosphere
are characteristic features of the multi - dimensional global change, which is the main
feature of modern time. 2024 was the warmest year on the record (see Figure 1). If the trend
shown in Figure 1 continues for the next decade, the multiple climate tipping points may be
triggered (Armstrong McKay et al., 2022), which will lead to the increase of various hazard
(fires, heatwaves and flooding) probabilities. The recent examples are fires in California
(Madakumbura et al., 2025), devastating flooding in Valencia (https://edition.cnn.com/
2024/10/30/world/video/spain-flash-flooding-ldn-digvid) and heatwaves in Europe (van
Daalen et al., 2024). Currently, the world is heading toward 2°C-3°C of global warming by
year 2100. The observed global warming leads to the increased speed of snow melting, the
decrease in snow-covered area and snow duration, the increase in snow fragmentation (Gu
etal,, 2024), disappearance of glaciers, decrease in sea ice extent (https://seaice.uni-bremen.
de/sea-ice-concentration/amsre-amsr2/time-series/), sea level rise, the degradation of the
permafrost, catalyse widespread temporal turnover in biodiversity and intensification of
various nonlinear feedbacks in the climate system including surface - atmosphere and
aerosol - precipitation interactions (Swain et al., 2025). Two remote areas on our planet
(Greenland and Antarctica) are characterised by the ice mass loss with possible abrupt
changes (Siegert et al., 2023; Petrini et al., 2025), which may lead to the devastation in coastal
areas around the globe. Our best and only way to protect these areas and the planet in a
whole is decarbonize to net zero by 2050 (Siegert, 2024). Geoengineering efforts (Budyko,
1977; Crutzen, 2006) can not lead to the solution of the problem on the short time scale we
face (till mid century). The environmental informatics or geoinformatics is an integrator of
science, methods and techniques and not just the result of using information and software
technology methods and tools for serving environmental engineering needs. Therefore, it
plays a special and very important role in the modern environmental sciences. Clearly,
without methods of the environmental informatics coupled with remote sensing, it could
not be possible to prepare the results as shown in Figure 1, which are based on the huge
databases and observational evidence. The record shown in Figure 1 confirms that we live in
the epoch of rising temperatures. A part of current temperature records can be attributed to
the natural factors such as the solar activity (see Figure 2). However, the oscillating total
solar irradiance variation (Tchijevsky, 1970) can not explain the curve shown in Figure 1.
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The temporal change of global mean temperature according to six different records (source: https://wmo.int/news/media-centre/wmo-confirms-

2024-warmest-year-record-about-155degc-above-pre-industrial-level).
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FIGURE 2
The daily variation of the total solar irradiance (Dewitte and
Nevens, 2016; Dewitte et al., 2022).

Without doubt, one of the most important tasks of humankind at
this stage is the preparation and implementation of measures to stop
current warming trend. Otherwise, already in this century we may face
disasters affecting not only flora and fauna but also humankind,
especially in coastal areas, where the predicted sea rise is up to 1 m
till 2100 (https://www.eea.europa.eu/en/analysis/indicators/global-and-
european-sea-level-rise/observed-and-projected-change). The primary
role in respect to climate change monitoring belongs to both ground-
based and satellite remote sensing. The advanced spaceborne monitoring
of our planet has been started a little more than half century ago.
However, these efforts have already brought enormous progress in our
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understanding of atmosphere—underlying surface parameters and their
temporal changes in conditions of current multi - dimensional global
change (Kondratyev, 1998). Even more accurate and reliable results will
be obtained by the mid-century with the planned launch of multiple
satellite instrumentation operated in the UV, visible, NIR, SWIR and
microwave regions of the electromagnetic spectrum including lidars,
radars and hyperspectral instrumentation. The tremendous efforts put
by the engineers and scientists in this direction can not be
underestimated. In particular, The EUMETSAT Polar System-Second
Generation (EPS-SG) and its Metop Second Generation (SG) satellites is
one of the most complex and innovative low-Earth orbit meteorological
satellites ever built. The system consists of two satellites working in
tandem, each endowed with different suites of complementary
instruments. Three successive pairs of Metop-SGA and Metop-SGB
spacecraft will be deployed (from 2025), enabling full operational
coverage and providing essential resource for climate monitoring,
geoinformatics and global reanalysis till mid-century. The derived
data will be used to inform policies and undertake actions to limit
the negative effects of climate change on nature and humanity. The main
features of the modern geoinformatics are the treatment of large amount
of information (Big Data, e.g., coming from EPS-SG satellites), and the
growing usage of the efficient computing, neural networks, and the
Artificial Intelligence (AI) (Zhang and Zhang, 2022) including machine
learning (Zhao et al., 2025), computational intelligence, data mining, and
natural language processing (Bungartz et al., 2018). Taking into account
resources put in these areas of research, a huge progress is expected in
next decades leading to a better understanding of environment and its
changes on various temporal and spatial scales, which is an important
information for the decision makes and environment protection
agencies worldwide. A special role in climate change studies belongs
to the international cooperation and further development of the
Global Climate Observing System (GCOS) (https://gcos.wmo.int/site/
global-climate-observing-system-gcos) co-sponsored by the World

frontiersin.org


https://www.eea.europa.eu/en/analysis/indicators/global-and-european-sea-level-rise/observed-and-projected-change
https://www.eea.europa.eu/en/analysis/indicators/global-and-european-sea-level-rise/observed-and-projected-change
https://gcos.wmo.int/site/global-climate-observing-system-gcos
https://gcos.wmo.int/site/global-climate-observing-system-gcos
https://wmo.int/news/media-centre/wmo-confirms-2024-warmest-year-record-about-155degc-above-pre-industrial-level
https://wmo.int/news/media-centre/wmo-confirms-2024-warmest-year-record-about-155degc-above-pre-industrial-level
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2025.1607253

Kokhanovsky

(WMO), the
Oceanographic Commission of the United Nations Educational,
Scientific and Cultural Organization (IOC-UNESCO), the United
Nations Environment Programme and the International Science
Council. The launch of the coordinated network of multiple
geostationary satellites surveying the Earth as the whole at a given

Meteorological ~ Organization Intergovernmental

moment in time and the development of the self-organising satellite
constellations, which enable satellites to autonomously cluster over
Earth-surface targets (Mushet et al, 2015) is an important future
exploration area. As it was underlined by Vernadsky (1926) a
century ago, life is a geological force that changes Earth’s landforms,
its climate, and the contents of its atmosphere. It is time to take a part of
this force related to human activities under control - long before time,
when it is too late. In this way together human reason and scientific
thought will continue to create the next evolutionary geological layer
(Teilhard de Chardin, 1966; Vernadsky, 1991; Vernadsky, 2001). As
said Teilhard de Chardin (1966), “The Age of Nations is past. The task
before us now, if we would not perish, is to build the Earth”.
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