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Abstract— Corresponding to the global trends, the territory of Hungary is endangered by
extreme weather manifestations. The increased frequency of the unfavorable effects (inland
water, flood, drought, heat stress) can be detected. These harmful manifestations result in
a significant economic and environmental risk. To investigate adverse environmental
effects and risks that have an impact on economic and productive activities is essential. The
aim of our research is to present the transformation of the climatic system of the Moson
Plain in the northwestern part of Hungary by analyzing special indicators based on daily
temperature and precipitation data covering approximately two climatic cycles (1961—
1990; 1991-2018). Based on our results, we can report the formation of a warming
microclimate with whimsical precipitation rates, which is accompanied by a decrease in
low temperature values. At the same time, we can observe more prominent manifestations
of heat waves.
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1. Introduction

The global change of the climate system has different effects at the regional and
local levels. The analysis and subsequent evaluation of past manifestations is the
most important task, as regional measurements and modeling are the best ways to
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reproduce the climatic characteristics of a large geographical area, such as the
Carpathian Basin (Illy et al., 2015).

Regional consequences of climate change manifestations are also of
increased importance, because the climate sensitivity and vulnerability of the
Carpathian Basin and Hungary are unique, and this region is extremely vulnerable
to weather conditions.

Climate change is not just about rising temperatures. In the future, we need
to anticipate and prepare for more and more frequent and intense manifestations
of exaggerated and extreme weather events (Ummenhofer and Meehl, 2017).
These are the changes to which our social and economic systems have to adapt to
(Buzasi et al., 2018). The significance of this lies in their dependence on the
weather. Such changes in the climate system affect the successful operation and
fertility of many areas, from landscape, natural geography and hydrography to
public welfare and provisioning opportunities.

These changes are mainly reflected in the alteration of temperature and
precipitation data, which show the shift of vegetation zones (Dunkel et al., 2018;
Gaborjanyi et al., 2007), and the prolongation of vegetation periods (Jolankai et
al., 2016). The transformation of cultivation conditions and the distortion of
regional weather conditions are also faced.

We investigated the signs of climate system change and explored the
consequences and effects of these changes, in order to precisely identifying the
need of adaptation to adverse conditions. In the present study, we analyze the
microclimate of the Moson Plain in the northwestern part of the country based on
temperature and precipitation data of the past nearly 60 years, with a particular
focus on changes in the frequency of extreme events. We do all this in order to
supply producers, farmers, and other actors of the economy with information that
helps them carry out successful and productive work for the national economy, in
spite of adverse environmental factors.

2. Literature review

The rise in the concentration of atmospheric pollutants, which was considered
drastic as early as the middle of the 20th century, was noted by Landsberg (1979)
nearly half a century ago. It was mentioned in regard of global warming, which
was confirmed by Flohn in his 1980 study (Flohn, 1980). Since then, climate
change has been the subject of numerous international and Hungarian scientific
publications, which have become more and more complex and severe over the
years. Farago et al. (1990) drew a clear parallel between human activity and
climate change, global warming, and the emergence of extreme weather events
and their signs in Hungary. According to a 2019 report by the World
Meteorological Organization, 2019 was the second warmest year since the start
of instrumental measurements, with global average temperatures 1.1 °C higher
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than pre-industrial temperatures. Furthermore, the decade of 2010-2019 was
found to be the hottest ten years since 1850 (WMO, 2019).

According to a report by the European Environment Agency, Europe is also
experiencing continued warming (EEA, 2017) and the accompanying increase in
the number of hot days (EEA, 2018). This phenomenon is particularly harmful to
our daily lives, and it may lead to other extreme atmospheric conditions and
adverse environmental changes. These may include, but are not limited to, rising
land and ocean temperatures, changes in rainfall distribution, inland watering in
some areas, or even droughts, all of which can adversely affect the environment
throughout the year (Mika, 2018; Nordhaus, 2019). Droughts in Europe were most
pronounced in the Mediterranean and the Carpathian Basin, with an increase in
frequency, severity, and duration since the 1950s (Spinoni et al., 2015a).
According to Gosic and Trajkovic (2013), droughts occurring every 3-5 years are
the greatest environmental threat in the Carpathians, and it is also becoming a
global problem due to increasing global warming (Maracchi, 2000; Spinoni et al.,
2015b). According to Bozo et al. (2010), an additional risk is that the Carpathian
Basin is one of the most climate-sensitive areas. Climate change is expressed in a
unigue way due to territorial heterogeneity, as different climatic zones exert their
effects on radically different regions (Gelybo et al., 2018).

According to the report of the Hungarian Meteorological Service, the
average temperature in Hungary has increased by more than 1.1 °C since 1901,
but in recent decades (since 1981), the increase in average temperature has
become even more intense (1.97 °C between 1981 and 2016), which varied
between 1.2 and 1.8 °C in different parts of the country, and became particularly
strong in the heat wave days typical during the summer months (Bartholy et al.,
2011; Labo et al., 2018). According to Palvélgyi et al. (2011), 52% of Hungary's
territory is particularly vulnerable to heat waves, and this is in line with Hoyk's
(2015) statement that the regional climate models (ALADIN-Climatemodel,
REMO-model, PRECIS-model, RegCM-model) used in Hungary, forecast a
significant increase in temperature by 2050. Thus, throughout the territory of
Hungary, the unfavorable effects of climate change and the extreme
manifestations of weather occurrences (heat waves, hot days) are becoming more
and more typical. This means that the average temperature of the annual and
summer days will increase significantly, while the number of frost winter days
and the average rainfall during the summer will decrease greatly (Uzzoli, 2015).

As a result of climate change in Central Europe, and also in Hungary, we
have to reckon with wetter and milder winters and drier summers with higher
average temperatures (Sassi et al., 2019; Feurdean et al., 2020).

Consequently, water shortage can be expected to become more severe as heat
causes an increase in the water consumption, which is accentuated by declining
rainfall and increasing evaporation at the surface of water and soil. During the
drought period, the moisture of the soil decreases, with which the groundwater
level drops (Harnos and Csete, 2008). Temporal and spatial fluctuations of
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meteorological conditions can affect soil conditions, water supply, and
agricultural yields (Boubacar, 2010; fabedzki and Bgk, 2017). It can also
accelerate the spread of new types of pests and pathogens (Szabo and Fari, 2017,
Banati, 2019). In warmer climates, the activity and geographical spread of pests
are also changing, which may lead to increased use of agrochemicals,
accompanied by increasing health, ecological, and economic difficulties
(Rosenzweig et al., 2001).

This process indicates that crop production must face the challenges posed
by climate change and the cumulative negative effects as the transformation of
the climate system is projected to be accompanied by rapidly rising temperatures,
more frequent droughts, and other hydroclimatic extremes (Pinke and Lévei,
2017). As such, the crop production sector needs to be prepared for the more
frequent water shortages, the drought stress caused by the intensifying heat waves,
and the associated significant crop losses (Challinor et al., 2010; Teixeira et al.,
2013). All of these extremes, associated with climate change, affect continental
climate berry fruits in highly unfavorable ways, as in the ripening phase — in the
warmest and driest phase of the year —, the leaf and fruit scorching of plants can
result in decreased photosynthesis, decline in plant development, and crop loss
(Keller et al., 2017).

However, the adverse effects of the consequences of climate change diverge
considerably from region to region depending, among other things, on differences
in biophysical resources, farming, adaptability, or even crop production. These
experienced and observed adverse effects could lead to further territorial
differentiation in a situation, where inequality already exists. As such, the less
well-conditioned areas, which are still experiencing economic difficulties, may
fall further behind due to a lack of resources (Lobell et al., 2008; Bognar and
Erdélyi, 2018).

Therefore, according to Mcleman and Smit (2006), we need to focus not only
on understanding the climate system but also on the dangers of climate change
manifestations, as these changes represent physical hazards that manifest in
extreme forms.

3. Data and methods

In our study, we investigated the changes in weather conditions of the Moson
Plain. Daily data (average, minimum, maximum temperature (°C) and
precipitation (mm)) for this area were requested from the database of the local
measuring station in Mosonmagyarovar, maintained by the Hungarian
Meteorological Service. Our research takes approximately two climatic cycles
into consideration: the reference period 1961-1990 and the recent time zone
1991-2018.
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Based on indicators formed from various temperature thresholds, we examined
their frequencies of occurrences (days) in 30 and 28 years on a monthly basis.

The following temperature indicators were examined (days):

o Extremely hot days (Tma>35 °C): the maximum daily temperature was
above 35 °C,
e Hot days (30°C<Tnax<35 °C): maximum daily temperature was between

30 °Cand 35 °C,

e Summer days (25 °C<Tnax 30 °C): maximum daily temperature was between

25 °C and 30 °C,

e Mild days (0 °C<Tyax<25 °C): maximum daily temperature was between

0 °C and 25 °C,

e Winter days (Tmax<0 °C): maximum daily temperature was below 0 °C,
e Tropical nights (Tmin>20 °C): the minimum night temperature was above

20 °C,

e Warm nights (18°C<Tpin<20 °C): the minimum night temperature was
between 18 °C and 20 °C,
e Frost days (-5 °C<Tmin<0 °C): the daily minimum temperature was between

-5°Cand 0 °C,

e Hard frost days (-15 °C<Tpin<-5 °C): the daily minimum temperature was
between -15 °C and -5 °C, and

e Extremely frosty days (Tmin<-15 °C): the daily minimum temperature was
below -15 °C.

In addition to the above, in the time interval between April and September, we
examined the lengths (days) of the three longest continuously precipitation-free
periods of the years. We also examined the lengths (days) of the precipitation periods
immediately preceding and following the precipitation-free periods and the amount
(mm) and average (mm) of precipitation during these time intervals as well.

We examined and illustrated the change in the length of the precipitation-
free periods according to time categories (shorter than 7 days, 8—-10 days, 11-14
days, and longer than 2 weeks). Our analyses were performed on a monthly basis,
and the changes were summarized for the reference period 1961-1990 and the
recent time period 1991-2018.

Two-sample ratio test (Z-test) was used to compare the differences of the
occurrence frequencies (i.e., the temperature indicator values) between the
reference period and the recent climate cycle. We also performed frequency
analysis with cross-tabulation (Chi-square tests) to compare the time intervals
1961-1990 and 19912018, according to the distributions of the three longest
precipitation-free periods between April and September, in Mosonmagyarovar. In
the case of precipitation indicators, linear trend analysis was also performed:
using Student’s t tests for the linear regression slopes, we tested whether they
showed significant change. The distributions of lengths of the three longest
precipitation-free periods are compared also by Chi-square test (cross-tabulation).
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4. Results

Our results obtained by evaluating the temperature data are shown in Tables 1-3.
These tables show the temperature indicators we have defined, the Z-values
obtained by the statistical tests, the directions of changes, the levels of
significances of the changes, the occurrences experienced in climate cycles by
decades expressed in days, and the extents of changes between the two climate
cycles.

Table 1 shows the indicators formed from the daily maximum temperature
values.

The number of days with maximum temperatures (summer, heat, and hot
between 25-30 °C, 30-35 °C, and above 35 °C, respectively) show an increasing
trend. This change is typically significant in the spring-summer months (p<0.05).
Among the examined indicators, the number of extremely hot days (Tmax>35 °C)
increased the most, the change was also significant in June-July and August
(p<0.001).

Their number — by the end of summer, in August — in the recent climate cycle
(1991-2016) — increased more than 20-fold compared to the reference period
(1961-2016) (Table 1). This implies a notable risk of temperature rise and heat
stress, which is also supported by Németh's (2019) study, according to which, an
increase in the frequency of heat waves and average annual temperature in Vas
and Gyo6r-Moson-Sopron counties can be observed and experienced by producers.
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Table 1. Frequencies of maximum temperature indicators for two climate cycles (1961—
1990; 1991-2018): the significance level of the change (Z-value), direction and extent of
change within the climate cycle (days) and in the comparison of the two climate cycles

(Mosonmagyarovar)
Direction of Decade Decade
change average average The change
Indicators Months  Z-value between the incidence incidence  between the two
two climate (days) (days) climate cycles
cycles (1961-1990)  (1991-2018)
Extremely June-July 4.105*** increasing 1 9 6.7
hot days . .
T, 535 °C August 5.98*** increasing <1 14 20.4
April-May  3.30*** increasing 1 6 6.1
Hot days June 6.16*** increasing 18 45 25
30 °C<Tmax July 6.71*** increasing 50 91 1.8
<35°C  August 4.88*** increasing 42 69 1.7
September  0.83ns 6 6
April-May  4.28*** increasing 65 95 14
Summer June 2.44* increasing 102 119 1.2
days July 0.12ns 128 127
25 °C<Tmax August 2.04* increasing 121 135 1.1
<30°C  geptember  1.86ns 56 66
October 0.56ns 4 5
January 2.96** increasing 196 217 1.1
February 1.68ns 235 244
March 1.06ns 300 303
April 1.74ns 290 285
_ May 4.63***  decreasing 254 225 0.9
'(\)":'éth?:j June 6.21%**  decreasing 180 135 0.8
<25 °C July 6.66***  decreasing 130 84 0.6
August 7.64***  decreasing 147 93 0.6
September  1.81ns 238 228
October 0.56ns 47 39
November  0.67ns 291 289
December 2.23* increasing 230 244 1.1
January 2.96** decreasing 114 93 0.8
) February 1.61ns 47 39
V\_i_l:aiiroi?s March 1.06ns 10 7
November  0.67ns 9 11
December 2.23* decreasing 94 66 0.7
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In contrast to the increase in the number of extremely hot, hot, and summer
days, the number of mild days (Tmax 0-25 °C) free from extreme heat, decreased
significantly in the late spring-summer months (p<0.001). The reason for this
change is that non-extreme and risk-free days have been replaced by high and
extremely high temperature days associated with intense warming (Table 1).

Table 1 also shows a special category of frost days (referred to ‘winter
days”), when even the daily maximum temperature does not reach 0 °C. The
number of such days in late autumn (November) and late winter - early spring
(February and March) has not changed significantly during the past nearly 60
years (p>0.05). However, during the dormant period (December and January),
their number decreased significantly (p<0.05) in Mosonmagyarovar in the recent
climate cycle (1991-2018) compared to the reference period (1961-1990).

The disappearance of frosts together with the less frequent appearance of
snow-cover, are accompanied by a transformation of the ecosystem structure, the
phenomenon of plant species shifting further north (Bokhorst et al., 2008). The
lack of winter days results in a warming and drying environment, intensified
evapotranspiration processes during the dormant period, and, due to the
insufficient development of frost tolerance, leads to increased frost sensitivity and
early loss of resistance (Lun et al., 2020). This result was also reached by
Ferguson et al. (2011). Using a thermal time model, he estimated the temperature
thresholds required to achieve frost tolerance of three grapevine varieties are
between 4.25 °C and 5.75 °C, i.e., the thresholds below which the chilling effect
can prevail.

According to Horvath and Komarek (2016), in the temperate zone, some
perennial cultivars may require a minimum temperature sum during the dormant
period below -6 °C, which, if not obtained, may cause similar degree of damage
as too high temperatures.

In parallel with the increasing frequency of high-temperature days, during
the past nearly six decades, the time interval of potential high temperature
occurrences also widened from the late spring months to the early autumn months.
In contrast, the occurrence of lower temperature (winter) values within a year has
become rarer, and the appearance of such values narrowed down to an ever-
shorter period. The occurrences of indicators determined by daily minimum
temperature values are shown in Table 2.
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Table 2. Frequencies of minimum temperature indicators for two climate cycles (1961—
1990; 1991-2018): the significance level of the change (Z-value), direction and extent of
change within the climate cycle (days) and in the comparison of the two climate cycles

(Mosonmagyardvar)
Direction Decade Decade The
of change average average change
. between incidence  incidence between
Indicators Months Z value the two (days) (days) the two
climate (1961 (1991~ climate
cycles 1990) 2018) cycles
Tropical — July 4,70%** increasing 2 12 6.1
nights . .
Tin>20 °C August 3.23** increasing 2 8 3.9
May 1.42ns 0 1
Warm nights June 3.19** increasing 9 17 1.8
18 °C<Tmin  Jule 4,93*** increasing 16 35 2.3
<20°C August 4.68%** increasing 16 35 2.2
September  2.23* increasing 1 3 4.8
January 0.42ns 127 130
February 1.50ns 114 125
March 0.61ns 92 96
Frostdays — apyi| 0.06ns 23 24
‘5 c>C<Tmin
<0 °C May 1.05ns 2 1
October 1.48ns 30 24
November 0.52ns 83 81
December  1.48ns 140 129
January 3.42%** decreasing 107 84 0.8
Hard frost February 0.31ns 60 58
days March 1.64ns 21 15
-15°C<Twmin  October 0.71ns 3 2
<5°C November 2.20* decreasing 17 10 0.6
December  0.99ns 64 58
Extremely January 3.09** decreasing 12 5 0.4

frost days February 1.95ns
Tmin<-15°C " December  1.30ns

In general, the number of days with different strengths of frost (frost days, hard
and extremely frost days Tmin<O °C) decreased, although in terms of their frequency,
in most cases, the change between the two climate cycles (1961-1990; 1991-2016)
was not significant (p>0.05). There was no significant change in the number of frost
days (-5 °C<Tmin<0 °C) during any month (p>0.05). However, the number of hard
frost days (-15 °C<Tmin<-5 °C) decreased significantly in January and November
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(p<0.001; p<0.05). The frequency of extremely frost days (Tmin<-15 °C) fell to less
than its half in January for the recent climate cycle (1991-2018, p<0.01).

Among the daily minimum temperatures, special attention should be paid to
the increase in the number of hot events (Tmin>20 °C), that is also referred to in
the literature as a tropical night (Cantos et al., 2019). Changing its frequency is
one of the greatest risk factors in agriculture, because tropical nights are more
Injurious to crop quality, plant growth, and development than daytime heat (Ryu
et al., 2017). In our analytical work, we found that, compared to the reference
period (1961-1990), the number of tropical nights in the recent climate cycle
increased more than sixfold in July and approximately fourfold in August
(Table 2). The change was significant in both cases (p<0.001).

Of the nights without adequate cooling, the number of warm nights
(18 °C<Tmin<20 °C) increased significantly in all the three summer months
(p<0.01): 1.8 times in June and more than twice in July and August. The incidence
of nights with heat stress was no longer limited to the summer months (Table 2),
but also extended to the first autumn month: in September, in the recent climate
cycle (1991-2018), their number increased approximately five-fold (p<0.05).

Table 3. Minimum, maximum, mean, variance and range of the annual frequencies of the
examined indicators for 28 and 30 years in the reference and recent periods (1961—-1990;
1991-2018) in Mosonmagyarovar

Indicators 1961-1990 1991-2018
min max mean variance range | min max mean variancerange

Extremely hot days
Tmax>35 °C
Hot days
30 °C<Tmax<35 °C
Summer days
25 °C<Tmax 30 °C

0 2 0.20 0.55 2 0 14 225 344 14

2 20 1170 5.22 18 3 40 21.79 9.65 37

28 69 4760 9.97 41 33 85 5479 11.78 52

Mild days

0 °C<Tmax<25 °C 234 311 279.73 18.50 77 | 236 285 265.00 1299 49
Winter days

Tmax<0 °C 7 63 26 11.88 56 4 50 21.68 9.68 46
Tropical nights

Tmin>20 °C 0 3 040 0.72 3 0 9 264 245 9
Warm nights

18 °C<Tmin<20 °C 0 10 407 282 10 1 20 918 526 19
Frost days

5 °C<Tmin<0 °C 39 96 61.23 1249 57 39 82 60.79 1233 43
Hard frost

days -15 °C<Tmin<-5 °C 0 58 2713 11.34 58 7 40 2275 996 33

Extremely frost days
Tmin<-15 °C

0 13 223 3.39 13 0 10 118 204 10
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The average, the variance, and the range of the occurrences of high
temperature days (extremely hot days, hot days, summer days, tropical nights, and
warm nights) also increased in the recent climate cycle (1991-2018, Table 3).
This means that the events defined by the examined indicators have become more
frequent. Furthermore, the exaggerated manifestations of extreme high
temperature events and their increasingly unpredictable recurrence have become
commonplace. In many cases, the maximum annual frequencies of the examined
indicators doubled (Tmax 30—35 °C; Trmin 18-20 °C), tripled (Tmin>20 °C), or even
increased sevenfold (Tmax>35 °C) for the 1991-2018 climate cycle. As a result,
the appearance of some extreme high temperature events become more and more
uncertain year by year. Therefore, preparing for and defending against the adverse
effects of extreme weather events form a great and unavoidable challenge.

In contrast, the average, the variance, and the range of the extreme-free mild
days (Tmax 0-25 °C) and low-temperature days (frost, hard frost, and extremely
frost days) have decreased over the past three decades (1991-2018, Table 3). This
means that low temperature values have become decreasingly frequent and more
predictable in the time periods studied.

Xie et al. (2015) also confirmed that the frequency and the probability
distribution of extreme weather events associated with warming are also changing
across the globe, which may even manifest itself in an unfavorable form (flooding
rain, prolonged drought).

To analyze the occurrence of long precipitation-free periods (daily
precipitation<1 mm), we first calculated the lengths (days) of the three longest
and uninterrupted precipitation-free periods in both cycles (1961-1990; 1991
2016) between April and September. We also examined the characteristics of
precipitation periods directly before and after these periods, such as their lengths
(days) and the amount (mm) and average (mm) of precipitation during these time
intervals. The lengths of the long precipitation-free period were split into four
categories: shorter than 7 days, 8-10 days long, 11-14 days long, and longer than
2 weeks.

Using linear trend analysis, we have found that in the period 1961-2018,
considering the time intervals before and after the three longest precipitation-free
periods between April and September, the change in the lengths of precipitation
periods (before: slope<0.000 p=0.967; after: slope=-0.003; p=0.551), the amount
of precipitation (before: slope=0.097 p=0.107; after: slope=-0.004 p=0.944), and
the average of precipitation (before: slope=0.039 p=0.053; after: slope=-0.008
p=0.708) were not significant. The same insignificant result was found when we
considered the change in the number of days during the three longest continuous
rainless periods in the last nearly 60 years (first: slope=0.043 p=0.371; second:
slope=0.017 p=0.434; third: slope=0.036 p=0.066).

The distribution of lengths of the three longest precipitation-free periods is
expressed in percentages in Fig.1l. The distributions of the three longest
precipitation-free periods in the two cycles differ significantly (Khi?(3)=12.58;
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p<0.01). The first three longest precipitation-free periods lasting less than seven
days occurred most frequently (33%) in the reference period (1961-1990) and the
most rarely (13%) in the recent climate cycle (1991-2018). This change was
significant (Z=3.32, p<0.001).
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Fig. 1. Distribution of the length of the three longest precipitation-free periods between
April and September, expressed in percentages (1961-1990 and 1991-2018
Mosonmagyarévar).

In recent decades (1991-2018), the length of the three longest uninterrupted
precipitation-free periods typically lasted 8-10 days (40%), but in more than a
quarter of cases (27%), these periods lasted for up to two weeks, and in nearly a
fifth of them (19%) for more than 2 weeks. These values are higher in all three
cases than in the reference period (1961-1990), although the difference is not
significant in either case (p>0.05).

Our comparative work indicates that the danger of droughts followed by
heavy rainfall can reduce the water uptake of soil and increase the potential for
runoff and leaching, thereby creating unfavorable conditions for fungal infection
of the leaf and root (Rosenzweig et al., 2001). The proportion of loss resulting
from rainfall-abundance damage (flood, inland water) has increased since the
1970s, which, within Europe, affected Central European countries the most (EEA,
2016).
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5. Conclusions

In addition to the average values of climatic parameters, the probability,
frequency, and severity of their effects on the environment must be taken into
consideration when examining changes in the climate system. In the form of
statistical evaluation, this knowledge provides more extensive and usable
quantified information about the current state of atmospheric conditions affecting
our immediate environment.

The results of our studies show an unequivocal warming in the two examined
climate cycles (1961-1990; 1991-2018). This is also accompanied not only by
the increasing frequency of high or extremely high temperatures, but also by the
drastic decrease in the number of low temperatures.

Our results show a change in the length of the three longest uninterrupted
precipitation-free periods (days) in the time interval between April and September.
We also examined the lengths (days) of the rainy periods immediately preceding and
following these precipitation-free periods, the amount (mm) and the average (mm)
of precipitation during these time intervals. Although the difference between the two
climate cycles was not significant, the combined assessment of quantity and
occurrence (i.e., the distribution of precipitation-free days) shows less frequent but
more intense precipitation. In addition, the lengths of the longest precipitation-free
periods in the April-September interval has been extended significantly, which
contributes to severe drought and water scarcity. Based on our results and the work
of Szasz (2002), the long-term lack of precipitation accompanied by extremely high
temperatures further amplifies its adverse effect. In addition to rising temperatures,
water-stress and unpredictable heavy rainfall events, the disappearance of winter
frosts also result in a rearrangement of the ecosystem. The changing environmental
conditions affects the plant-production-based economic system seriously, which
forces the agro-economic actors find their adaptation strategies.

Our task in the future is to mitigate the anthropogenic impacts that amplify
climate change and to prevent the damage to natural resources. While this process
is tried to be got under control, we must be prepared to deal with damages that
affect our living conditions, health, food production, economy and also to avoid
possible disasters. The greatest problem is the simultaneous occurrence of heat
and the drought which greatly affects the livelihood of farmers and the success of
their production activities. Therefore, water-saving and water-retaining tillage can
help against the adverse effects of climate change.

In addition, there is a need to disseminate and develop tools and methods
that can counter extreme effects — such as flooding rains, long precipitation-free
periods, heat waves, or even the complete absence of frost — and mitigate their
consequences.

Such solutions could be the extension of irrigation systems or the breeding
of new stress-tolerant plant varieties, which are costly but can effectively result in
a reduction of negative impacts (Lobell et al., 2008).
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