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ABSTRACT
Components of the Earth System – atmosphere, oceans, 
land and ice cover, biosphere – interact with each other 
on several different scales. This paper presents the most 
important recent environmental changes caused mainly 
by anthropogenic activity. The key role of the water cycle 
is emphasized on both global and regional scales, having 
dominant effects on the state of the environment and any 
human activities.
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INTRODUCTION
When discussing the phenomenon of global climate 
change, it has to be stated that the behaviour of the whole 
Earth system should be considered, instead of limiting 
investigations only to the atmosphere. The Earth system 
includes the oceans, atmosphere, land and ice cover, as 
well as biosphere. These components interact on many 
different scales in both space and time, causing the cli-
mate to have a large degree of natural variability. Human 
influences such as greenhouse-gas emissions, or changes 
in land use – which involves the management and mod-
ification of natural environment or wilderness into built 
environment such as settlements and semi-natural habi-
tats such as arable fields, pastures, and managed woods – 
add further complexity.

GLOBAL ENVIRONMENTAL CHANGES  
IN THE EARTH SYSTEM

Global average temperature has varied across geological 
time. Glacials and interglacials occurred at relatively reg-
ular (appr. 10-15-thousand-year) intervals due to the varia-
tion of Earth’s orbital parameters. Recent climate change, 
however, is unequivocally caused by anthropogenic 
activities, with global surface temperature climbing to 
1.1 °C above 1850-1900 levels in the 2011-2020 period [1]. 
Temperature variation for the period of 1850-2022 is 
shown in Figure 1 [2]. Evidence suggests that the tropo-
sphere – the lowest layer of our atmosphere, extending up 

to 8-10 kilometres above the surface – has undergone a 
significant rate of warming during the past century, while 
the layer beyond it, the stratosphere, has experienced 
a similar rate of cooling. It well demonstrates that the 
greenhouse effect, driven by increasing human activity, is 
resulting in higher temperatures in the vicinity of Earth’s 
surface. For millennia, atmospheric carbon dioxide con-
centrations have never been above the current 400 ppm 
level. When compared with recent temperature changes, 
it is well demonstrated that both the rate and magnitude 
of recent warming are unusual relative to the changes of 
the past 24 thousand years [3].

Jet streams are relatively narrow bands of strong 
wind in the upper levels of the atmosphere. The winds 
in jet streams blow from west to east, but the air current 
o%en shi%s to the north and south. Jet streams follow 
the boundaries between hot and cold air. Because polar 
regions of the planet are warming faster than the mid-lat-
itudes, the typical north-south temperature difference is 
lower. As this temperature difference decreases, it causes 
a slight drop in zonal winds in the jet stream — which, 
in turn, leads to more meandering of the jet stream. An 
unstable jet stream can also lead to severe heat waves, 
droughts, or excessive amounts of rain. A heat wave is an 
extended period of unusually high temperatures and 
o%en high humidity. These are expected to become more 
frequent and more severe in the future due to climate 
change. People affected by heat waves can suffer from 
shock, become dehydrated and develop serious heat 
illnesses. Heat waves can also worsen chronic cardiovas-
cular and respiratory diseases.

The rate of global warming is not homogenous around 
the Earth. While the Earth’s surface as a whole has 
warmed by around 1.1 °C since the Industrial Revolution, 
temperatures are not rising at the same rate in all corners 
of the world. One difference is the faster pace that land 
areas are warming compared to the ocean. But perhaps 
the biggest outlier is the Arctic, which is warming more 
than two times faster than the global average, as it is 
shown in Figure 2 [4]. This phenomenon – known as “Arc-
tic amplification” – is causing dramatic changes for Arctic 
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communities and has also been linked to extreme weather 
events in the mid-latitudes of the northern hemisphere. 
The cause of this rapid warming is typically identified as 
the changing “albedo” of the Arctic’s surface – where the 
loss of snow and sea ice means less incoming sunlight is 
reflected back out into space.

THE DISTINCTIVE ROLE OF THE  
GLOBAL WATER CYCLE

Global environmental changes attributable to natural 
and anthropogenic causes can be linked to a significant 
degree to the variability of the global water cycle. Global 
natural phenomena on a regional and local scale that 
can also be associated with such changes may represent 
a serious risk to life and property, and can additionally 
affect conditions for agricultural management and cause 
damage of natural ecosystems. The floods, droughts and 
atmospheric storms are o%en accompanied by intense 
rainfall events which are responsible for a large array of 
natural disasters.

As the water cycle plays a crucial role in our lives, it is 
worth paying special attention to it. The globally warming 
atmosphere – according to the laws of thermodynamics 
– can hold an exponentially increasing amount of water 
vapor. An estimated 1 °C rise in atmospheric temperature 
increases the water vapor content of the atmosphere by 
6-7%, which also affects the dynamic processes of the 
atmosphere through latent heat circulation, originating 
from water evaporation and vapour condensation.

These changes affect the entire global water cycle. 
Although the amount of precipitation changes by only 
1-2%, its spatial and temporal distribution becomes more 
and more extreme. In general, we can say that areas 
with good water supply are becoming wetter, and water-
scarce areas become drier [5]. Annual rainfall amounts 
in the tropical zone and the northern parts of America 
and Europe are rising, while in the Mediterranean region 
and the southern regions of Africa and Australia, aver-
age annual rainfall amounts are decreasing. The middle 
geographical latitudes are not experiencing a significant 
change in annual precipitation amounts, but the extremes 
of distribution are tending to increase.

Ocean heat content is increasing. The top 800-metre-
layer of most major ocean waters is getting warmer. The 
amount of heat absorbed by the oceans has increased 
significantly over the past two decades. Warmer oceans 
damage coral reefs, threaten marine ecosystems and dis-
rupt global fisheries. A change in ocean heat content can 
also alter patterns of ocean circulation, which can have 
far-reaching effects on global climate conditions, includ-
ing changes to the outcome and pattern of meteorological 
events such as tropical storms, and also temperatures in 
the northern Atlantic region, which are strongly influ-
enced by currents that may be substantially reduced by 
increasing amounts of carbon dioxide in the atmosphere.

Sea level rise started from the last glacial maximum 
(about 21,000 years ago). The rate of ascent has not been 
uniform, but a total increase of around 120 metres has 

been reached during this period. In the last eight thou-
sand years, the rise slowed down, and then the water 
level stabilized during the last two thousand years. Since 
the beginning of the 20th century – very likely for anthro-
pogenic reasons – we have experienced an accelerat-
ing rate of sea-level rise, the average level of which was 
3.6 mm/year. Roughly half of the rise is due to the melting 
of continental ice sheets, and the other half originates 
from the thermal expansion of the warming oceans. The 
continuously rising water level not only threatens popu-
lated coastal areas located at sea level, but can also cause 
irreversible damage in ecosystems and areas of agricul-
tural cultivation.

The decrease in the extent of permafrost also convinc-
ingly shows the effects of rising global average tempera-
tures. Any ground below the Earth’s surface that has been 
continuously frozen for at least two consecutive years 
is defined as permafrost; in most cases, the timespan is 
actually hundreds or thousands of years. Huge wedges of 
ice are o%en locked within this frozen ground. When that 
ice melts, the soil becomes less compact and the ground 
surface can collapse, forming a sinkhole. Even where 
no large ice blocks are present, the frozen soil contains 
enough ice to create water bodies when it melts or sub-
limates into water. The depth of permafrost containing 
a significant amount of animal and plant remains varies, 
but the thickest layers can reach 500 metres. Permafrost 
is located primarily around the Arctic regions – including 
Russia, Canada, and Alaska – but it also occurs in high, 

mountainous regions, for example on the Tibetan Plateau 
spread inside the Himalayan mountains. The problem is 
not just the risk of losing the stability of frozen soil with 
infrastructure built on top of it (roads, railways, buildings, 
and mining areas for natural gas and oil), but releasing 
methane and carbon dioxide from the melted soil into the 
atmosphere, causing a positive feedback loop accelerating 
global warming by intensifying the greenhouse effect.

The rise of the permanent frost level in Asia in high 
mountains reduces the natural mass of ice stored here, 
which is also accompanied by a narrowing of the available 
drinking water base. This can result in a critical situation 
in the region, as it directly or indirectly provides drinking 
water for approximately one billion people over the entire 
area. It can also influence the winter landscape of famous 
resort locations at higher mountain altitudes, all around 
the world. 

Summer Arctic sea ice extent is shrinking by around 
12% per decade as a result of global warming. This means 
that over the past 40 years its area has decreased by 
approximately 2 million square kilometres. Intense melt-
ing decreases the salinity of ocean water, and also means 
a lower amount of solar radiation is reflected back to the 
space, and a larger amount of it remains within the Earth 
system, causing a positive feedback loop in the warming 
process.

The global conveyor belt and thermohaline circulation. 
Freshwater from melting ice reduces the salinity of the 
North Atlantic. The melting ice causes freshwater to be 

◂◂Figure 1: Global average temperature, 1850-2022
SOURCE: BERKELEY EARTH

Figure 2: Heat map showing the temperature anomaly for the years  
2015-2019, compared to the 1951-1980 average

SOURCE: NASA: EARTH OBSERVATORY [4]
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added to the seawater in the Arctic Ocean, which flows 
into the North Atlantic. The added freshwater makes the 
seawater less dense. This has caused the North Atlantic to 
become less saline over the past several decades, and has 
caused the currents to slow.

REGIONAL CHANGES  
IN HYDROMETEOROLOGICAL  
PHENOMENA

The weather of the Carpathian Basin is basically deter-
mined by large-scale processes. With the increasingly 
frequent migration of temperate cyclones further north, 
our region is o%en affected only by the southern branch 
of weather fronts. The annual precipitation falling in 
Hungary is to a large extent determined by these fronts 
crossing and waving above us. Mediterranean cyclones 
forming in the Mediterranean basin can also be observed 
with decreasing frequency. Mediterranean cyclones, or at 
least their rainfall band, o%en cause a significant amount 
of precipitation in our country, so their absence contrib-
utes to the development of drought periods. But when, 
in autumn, the desert effect recedes, the Mediterranean 
Sea, which has warmed up in the summer, transfers a 
significant amount of moisture to the cooler atmosphere, 
it causes heavy precipitation. By analogy to the hurri-
cane, a new phenomenon has recently been introduced 
in the atmospheric sciences. The medicane is a hurri-
cane-like slow air movement characterized by thunder-
storm clouds. It gets its kinetic energy and water content 
from the warm Mediterranean Sea. Significant pressure 
changes can be measured in the system, wherein heavy 
rains and very strong winds can be observed. Its fre-
quency and destructive effect are not equal to hurricanes, 
since the geographical conditions of formation and sur-
vival, as well as the depth of the sea water and its thermo-
dynamic characteristics, are different.

Events and periods with higher-than-average rain-
fall or persistent frequency of drought occurrence can be 
characterized by a series of extreme precipitation indices 
and their changes over time. Based on Hungarian obser-
vations, during the 1901–2016 period, the number of rainy 

days decreased in terms of the national average, while 
on the other hand, the number of rainy days exceeding 
20 mm of precipitation shows a slight increase. The daily 
intensity, also known as the average daily rainfall, fell 
during the period. This suggests that precipitation events 
are increasingly short in duration, and fall in the form of 
intense showers. Due to runoff, its utilization is less effec-
tive in the soil cover than more frequent but less intense 
rainfall, and it also strengthens soil erosion processes.

The increasingly extreme appearance of precipitation 
also means that soil cover is becoming more vulnerable 
to drought, constantly decreasing its moisture content 
and productivity. This danger is already threatening 
many European regions. In Hungary, the Homokhátság, 
between the Danube and the Tisza rivers, can be men-
tioned as an example where, in addition to the continuous 
lowering of the groundwater level, negative geological 
and ecological changes can also be observed. Not uncon-
nected to the drying of the soil and vegetation is the phe-
nomenon of the increasing extent and intensity of forest 
fires. In Europe it used to be a problem only in southern 
European countries, but now we must prepare for its 
regular occurrence in central and even northern areas. 
In North America and Australia, forest fires have become 
more and more extensive across both space and time, and 
can disrupt the functioning of entire forest ecosystems.

THE SOCIAL DIMENSIONS OF  
CLIMATE CHANGE

Climate change is deeply intertwined with global pat-
terns of inequality. The poorest and most vulnerable peo-
ple bear most of the impacts of climate change, yet con-
tribute the least to causing it. As the impacts of climate 
change mount, millions of vulnerable people face dispro-
portionate challenges in terms of extreme events, health 
effects, food, water, and livelihood security, migration 
and forced displacement, loss of cultural identity, and 
other related risks. The most vulnerable are o%en also 
disproportionately impacted by measures to address cli-
mate change. In the absence of well-designed and inclu-
sive policies, efforts to tackle climate change can have 

unintended consequences for the livelihoods of certain 
groups, including by placing a higher financial burden on 
poor households [6].

CONCLUSIONS
The effects of climate change are already being felt, so 
mitigation processes are important. These can include, 
among others, reducing the release of heat-trapping 
greenhouse gases into the atmosphere. This involves 
cutting greenhouse gases from main sources such as 
power plants, factories, cars, and farms. Forests, oceans, 
and soil can also absorb and store some of these gases, 
and are an important part of the solution. In addition, we 
must adapt more quickly and comprehensively. Countries 
should focus on supporting the further development and 
implementation of adaptation strategies and plans at all 
levels of governance with interconnected priorities, like 
integrating adaptation into macro-fiscal policy, nature-
based solutions for adaptation, as well as local adaptation 
action. While the case for adaptation is clear, some com-
munities most vulnerable to climate change are the least 
able to adapt because they are poor and/or in develop-
ing countries already struggling to come up with enough 
resources for basics like health care and education.

Acknowledgments
The research was funded by the Sustainable Development 
and Technologies National Programme of the Hungarian 
Academy of Sciences (FFT NP FTA). ◉

This work is licensed under Creative Commons 4.0  
standard licenc: CC-BY-NC-ND-4.0.

1 IPCC, 2023: Climate Change 2023: Synthesis 
Report. Contribution of Working Groups I, II 
and III to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change 
[Core Writing Team, H. Lee and J. Romero 
(eds.)]. IPCC, Geneva, Switzerland.  
DOI: 10.59327/IPCC/AR6-9789291691647. 

2 Berkeley Earth (2023): URL: https://
berkeleyearth.org/data/ [2024.05.27.]

3 Osman, Matthew B. – Tierney, Jessica E. – 
Zhu, Jiang – Tardif, Robert – Hakim, Gregory 
J. – King, Jonathan – Poulsen, Christopher J. 
(2021): Globally resolved surface temperatu-
res since the Last Glacial Maximum. Nature 
599, 239–244. DOI: https://doi.org/10.1038/
s41586-021-03984-4

4 NASA Earth Observatory (2022). In: 
Feingold, Spencer (2022): Global warming: 
How much hotter is the earth today than 
when you were born? World Economic 
Forum (2022. 07. 22.) URL: https://www.
weforum.org/agenda/2022/07/global-heat- 
maps-temperature-anomaly-climate- 
change/ [2024.05.27.]

5 Held, Isaac M. – Soden, Brian J. (2006): 
Robust Responses of the Hydrological Cycle 
to Global Warming. Journal of Climate 19, 
5686-5699. DOI: https://doi.org/10.1175/
JCLI3990.1

6 World Bank Group (2021): World Bank Group 
Climate Change Action Plan 2021–2025: 
Supporting Green, Resilient, and Inclusive 
Development. Washington, DC: World Bank. 
URL: http://hdl.handle.net/10986/35799 
[2024.05.27.]

↗

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.hu
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.hu
https://berkeleyearth.org/data/
https://berkeleyearth.org/data/
https://doi.org/10.1038/s41586-021-03984-4
https://doi.org/10.1038/s41586-021-03984-4
https://www.weforum.org/agenda/2022/07/global-heat-maps-temperature-anomaly-climate-change/
https://www.weforum.org/agenda/2022/07/global-heat-maps-temperature-anomaly-climate-change/
https://www.weforum.org/agenda/2022/07/global-heat-maps-temperature-anomaly-climate-change/
https://www.weforum.org/agenda/2022/07/global-heat-maps-temperature-anomaly-climate-change/
https://doi.org/10.1175/JCLI3990.1
https://doi.org/10.1175/JCLI3990.1
http://hdl.handle.net/10986/35799

