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INFORMATION MATERIALS FOR ASSESSING THE IMPACT OF CLIMATE FACTORS ON FORMING SOIL WATER REGIME ON DRAINED LANDS
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Abstract. The research results on creating information materials for assessing the impact of modern climatic factors on the formation of soil water regimes on drained lands are presented. By the results of the research, carried out at the "Romen" drainage and irrigation system (Sumy region), it was established that over the past 34 years, the average air temperature during the growing season has varied from 14,2 to 19,4 oC. In general, there is a trend for its slight decrease (almost by 0,2 oC). The highest average monthly air temperatures are recorded in July and August, and the lowest ones - in April. It was specified that the water regime of the active soil layer during the growing season is formed mainly due to moderate (4–14 mm – 44%) and significant (15–49 mm – 40%) precipitation, the total share of which in water reserves is 84%. There is a trend towards an increase in the share of significant precipitation (on average, up to 46–60 % of the total amount during the growing season) in years with high-water growing seasons, and its predominant amount falls in the range of 15–29 mm. There is also an increase in the share of moderate precipitation (up to 49% of the total amount during the growing season) in years with low-water growing seasons.
Information materials on the distribution of atmospheric precipitation by year in quantitative and percentage indicators, their recurrence in the growing seasons of 1990–2022 ("Romen" DIS, Sumy region), presented as an interactive visual report with graphic materials (dashboard) have been created. Informational materials in the form of dashboards enable us to monitor changes in climatic conditions, promptly providing up-to-date data when forecasting future trends in changes in the water supply of agricultural territories, in particular, the formation of the soil water regime on drained lands and addressing the challenges related to climate change.
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Relevance of research. Global climate change is a modern challenge for the world, as it significantly affects agricultural production - one of the most climate-dependent sectors of the economy, and endangers food production [1-3]. Climate change can cost the world about 5% of GDP every year, and if the most pessimistic forecasts are implemented, this figure can grow to 20% [4]. The consequences of climate change are becoming more and more noticeable in Ukraine as well. Today, Ukraine is one of the leading producers and exporters of food in the world. Therefore innovative and investment development of the domestic agro-industrial complex is very relevant. At the same time, our country is already trying to implement its competitive advantages and consider its national interests. Therefore, despite all the existing risks and challenges under climate change and Russian military aggression, domestic agricultural production has to meet the requirements of national security [4, 5].
[bookmark: _Hlk154129374]Modern climate change significantly affects agricultural production since it leads to a lack of available moisture on agricultural lands, which is the main limiting factor for the sustainable functioning of agriculture [6, 7]. The impact of weather conditions on yield productivity is about 52% [8].
Therefore, in modern conditions, agriculture needs the development and implementation of adaptive measures, which will enable us to reduce the negative effects of climate change and ensure the competitiveness and sustainable development of the agricultural sector.
Given that agriculture is one of the main branches of the Ukrainian economy, the share of which is 10% of GDP, there is a need to improve existing agricultural production models and optimize the management technologies in agriculture given modern climate change [5].
Analysis of the latest research and publications shows that the impact of climate change on the production of agricultural products will have a mostly negative effect. With a global warming of 2 °C, many countries will lose up to 20% of crop yields [3].
Climate changes in Ukraine are happening faster than global ones. Since 1991, each decade has been warmer than the previous one. The average annual temperature in Ukraine from 1961 to 1990 was +7,8 °C, and from 2010 to 2019 it has already reached +9,6 °C. The absolute maxima of air temperature have increased by 1–4 °C, and temperature indices are becoming more equal across the country's territory [3]. At the same time, in the drainage zone, the increase in average annual air temperature is quite significant: in the western regions – by 1,2–1,3 °C, in the northern and central regions – by 1,4–1,5 °C [9, 10].
According to the estimates of world and domestic climatologists, in the future, there is a high probability of a further increase in air temperature both on a global scale and in various natural and climatic regions of Ukraine [11, 12].
Atmospheric precipitation is one of the main factors determining the features of the regional climate. The amount and seasonal precipitation distribution are key factors in forming a water regime on agricultural lands.
Literary sources indicate that current fluctuations in average annual precipitation are within the climatic norm (5–10%). With a slight change in the precipitation amount, its nature and intensity have changed noticeably for the territory of Ukraine [13]. The number of cases when half or a monthly precipitation norm falls in a few hours has increased [14].
The study of precipitation in modern climate change conditions is relevant for adapting the economy, especially the agricultural sector [15]. A significant amount of scientific research, which uses various methods, databases, and scientific approaches, is devoted to studying the processes of precipitation formation and its structural features. The dynamics of precipitation, its spatial distribution, duration, and repeatability in different regions are evaluated [16, 17]. Domestic scientists mostly study the formation conditions and statistical characteristics of heavy rains and downpours and assess their impact on the natural environment [18,19].
Literary sources indicate that at the beginning of the XXI century, in Ukraine in general and in the drainage zone, there was a tendency to increase the number of heavy downpours (precipitation of 30 mm or more that falls in 1 hour or less). Heavy downpours from 1986 to 2015 were observed in Ivano-Frankivsk and Transcarpathian regions, slightly less in Kyiv, Cherkasy, Chernivtsi, and Lviv regions. From 2001 to 2010, the amount of heavy downpours increased more than twice compared to 1991–2000. And from 2011 to 2015, the amount of heavy downpours in Kyiv and Chernihiv regions increased significantly [20, 21].
[bookmark: bookmark0]Precipitation is one of the most variable meteorological factors in time and space. There are very few detailed studies today on the features of its structure, formation, and fluctuations. The reasons for precipitation fluctuations are also insufficiently studied, although some connections with solar activity and the rhythmicity of macro-scale synoptic processes have been identified. The reasons for cyclicity have not been definitively elucidated; there are only hypotheses about their origin [14, 16].
Despite the wide range of possible future changes in the average amount of atmospheric precipitation, it is predicted that extreme precipitation in all seasons may become more intense, which will cause an increase in the number of wettest days of the year by 10–25% as well as surface runoff and rain floods by the end of the century [10, 22].
Therefore, an increase in air temperature and uneven distribution, change in the nature, intensity, and structure of precipitation, as well as an increase in the number of heavy downpours, which have a local character in the warm period of the year, do not make it possible to ensure the effective accumulation of moisture in the soil. Given modern changes in natural moisture supply, an important limiting factor in efficiently managing agricultural production is moisture reserves in the active soil layer, the necessary amount of which is not provided during the growing season [6, 9].
It is necessary to obtain improved parameters of water regulation technologies that take into account the entire complex of factors affecting the formation of the moisture regime in the aeration zone to solve the modern problems of managing agricultural systems, namely, the water regime of the soil on drained lands in the conditions of climate change.
Given the results of analytical studies, the research of climate change at both the regional and local levels and the creation of informational materials for assessing the impact of modern climatic factors on the formation of soil water regimes are relevant today.
The purpose of the research is to create informational materials for assessing the impact of climatic factors on the formation of soil water regimes on drained lands.
Methods and objects of the research. Informational materials for assessing the impact of modern climatic factors on the formation of soil water regime were created, based on the results of meteorological measurements in the growing seasons of 1990–2023 on reclaimed lands of the drainage and irrigation system (DIS) "Romen" (Sumy region).
The basis of methodological approaches to field studies is applying generally accepted methods of conducting meteorological observations of air temperature and atmospheric precipitation during the growing season.
The values of average daily, decadal, and monthly air temperatures and daily, monthly, and yearly atmospheric precipitation were determined to obtain information materials on the impact of climatic factors on the formation of soil water regimes. Calculations, creation of smart tables, and interactive graphical and visual reports (dashboards) were made using the Microsoft Office Excel program.
Research results and discussion. To analyze the impact of climatic factors on the formation of soil water regimes, such meteorological factors as air temperature and atmospheric precipitation were considered.
Informational materials on air temperature values during the growing season of 1990–2023 on reclaimed lands of the "Romen" DIS are presented in Table 1 and Fig. 1.
According to the results of analyzing the given materials, it was established that the average air temperature during the growing season over the past 34 years varied from 14.2 to 19.4 oC. There is a general trend towards a slight decrease (by almost 0.2 °C) in the average air temperature during the growing season. The highest average monthly air temperature values were recorded in July and August, and the lowest in April.
Atmospheric precipitation is one of the main factors that determines the features of regional climate, so their amount and distribution are determining indicators in the formation of the territory's moisture regime [23].
Informational materials on the distribution of atmospheric precipitation by months of the growing seasons of 1990–2023 on the reclaimed lands of the "Romen" DIS are given in the Table. 2.
The dynamics of atmospheric precipitation in the growing seasons of 1990–2023 on the reclaimed lands of the "Romen" DIS is shown in Fig. 2. The results of the analysis show the presence of a tendency to a slight decrease in the total amount of precipitation during the growing seasons. During the studied period, 2006, 1995, 2022, and 1990 years were the wettest with the precipitation amount for a growing season, 584,8, 540,5, 493,6, and 435,6 mm, respectively. The lowest precipitation for a growing season was recorded in 2011, 2017, and 2002, with the values 202.1, 209,7, and 210,1 mm, respectively.
1. Average monthly air temperature (oC) for the growing season of 1990–2023 ("Romen" DIS)
	Year
	Month
	Average for a growing season

	
	April
	May
	June
	July
	August
	September
	

	1990
	9.6
	14.7
	17.3
	19.1
	18.0
	12.6
	15.2

	1991
	9.0
	14.0
	20.3
	21.9
	19.0
	17.8
	17.0

	1992
	6.5
	13.8
	19.1
	20.4
	21.9
	13.1
	15.8

	1993
	7.4
	16.1
	16.6
	18.1
	17.0
	9.7
	14.2

	1994
	10.7
	13.4
	16.7
	21.1
	19.2
	18.5
	16.6

	1995
	9.2
	14.2
	21.5
	21.7
	19.2
	14.2
	16.7

	1996
	8.6
	19.4
	19.9
	20.8
	19.9
	15.7
	17.4

	1997
	6.8
	16.6
	20.3
	19.4
	18.3
	10.4
	15.3

	1998
	-
	14.1
	19.2
	20.1
	17.2
	12.5
	16.6

	1999
	10.7
	15.7
	22.1
	22.1
	19.1
	12.6
	17.1

	2000
	11.8
	12.5
	16.7
	20.1
	24.6
	13.2
	16.5

	2001
	10.7
	13.2
	16.0
	23.6
	20.2
	12.8
	16.1

	2002
	8.4
	13.3
	19.4
	23.8
	18.6
	13.7
	16.2

	2003
	4.8
	17.6
	17.5
	21.0
	18.3
	12.9
	15.4

	2004
	8.0
	12.3
	17.1
	19.5
	20.4
	13.7
	15.2

	2005
	9.8
	17.0
	17.3
	21.6
	19.7
	14.3
	16.6

	2006
	8.4
	13.5
	18.7
	19.9
	20.3
	15.1
	16.0

	2007
	7.3
	18.4
	20.4
	21.2
	21.7
	14.5
	17.3

	2008
	10.4
	13.2
	19.7
	20.9
	21.4
	13.1
	16.5

	2009
	7.5
	13.2
	20.6
	21.9
	18.9
	16.3
	16.4

	2010
	9.7
	16.6
	20.7
	25.1
	25.0
	-
	19.4

	2011
	8.1
	17.5
	22.5
	24.2
	21.3
	15.4
	18.2

	2012
	12.6
	18.9
	19.6
	21.9
	19.7
	14.5
	17.9

	2013
	7.1
	18.9
	20.3
	20.1
	18.1
	8.2
	15.5

	2014
	9.7
	16.5
	19.0
	20.3
	20.1
	13.2
	16.5

	2015
	9.2
	15.3
	18.4
	19.7
	21.1
	17.2
	16.8

	2016
	10.4
	13.5
	18.7
	20.8
	18.8
	12.5
	15.8

	2017
	7.8
	11.1
	16.4
	19.5
	20.2
	13.7
	14.8

	2018
	8.8
	16.4
	17.9
	19.4
	20.2
	16.1
	16.5

	2019
	8.8
	14.6
	20.4
	17.4
	17.5
	12.8
	15.3

	2020
	7.1
	11.6
	21.2
	19.8
	18.6
	16.5
	15.8

	2021
	6.3
	13.1
	19.4
	23.9
	21.3
	11.2
	15.9

	2022
	6.5
	11.7
	19.3
	19.3
	19.7
	10.8
	14.6

	2023
	9.1
	13.8
	17.8
	19.7
	21.6
	16.5
	16.4

	Average 
	8.7
	14.9
	19.1
	20.9
	19.9
	13.8
	16.3




[image: ]
Fig. 1 Dynamics of the average monthly air temperature for the growing season of 1990–2023 ("Romen" DIS)

2. Atmospheric precipitation (mm) for the growing season of 1990–2023 ("Romen" DIS)
	Year
	Month
	In total for a growing season

	
	April
	May
	June
	July
	August
	September
	

	1990
	92.5
	63.3
	70.9
	87.6
	70.8
	50.5
	435.6

	1991
	42.0
	63.7
	35.7
	57.6
	30.6
	15.9
	245.5

	1992
	38.1
	38.7
	21.8
	58.6
	14.2
	65.1
	236.5

	1993
	51.5
	24.8
	70.9
	103.1
	44.2
	88.0
	382.5

	1994
	31.3
	61.2
	51.4
	23.8
	46.4
	23.4
	237.5

	1995
	81.8
	52.1
	138.6
	27.3
	68.1
	172.6
	540.5

	1996
	16.8
	48.0
	76.2
	36.7
	78.1
	84.0
	339.8

	1997
	47.5
	33.1
	56.2
	76.9
	25.7
	62.3
	301.7

	1998
	-
	53.4
	9.9
	144.8
	134.4
	57.7
	400.2

	1999
	17.4
	67.3
	16.6
	64.3
	34.3
	22.6
	222.5

	2000
	40.6
	34.4
	42.4
	97.0
	12.0
	136.7
	363.1

	2001
	31.6
	54.5
	173.2
	74.2
	18.2
	56.2
	407.9

	2002
	22.9
	74.5
	23.6
	6.2
	31.7
	51.2
	210.1

	2003
	43.0
	18.9
	15.2
	162.9
	95.2
	50.8
	386.0

	2004
	22.3
	68.9
	49.2
	102.6
	16.3
	61.2
	320.5

	2005
	33.2
	30.4
	139.8
	28.0
	25.0
	8.3
	264.7

	2006
	35.7
	152.1
	95.1
	117.6
	108.3
	76.0
	584.8

	2007
	18.1
	38.9
	106.2
	52.2
	38.0
	58.4
	311.8

	2008
	49.7
	37.5
	93.8
	119.8
	9.3
	51.3
	361.4

	2009
	2.8
	43.3
	30.7
	107.0
	6.8
	51.1
	241.7

	2010
	18.3
	32.8
	27.5
	114.5
	19.7
	39.8
	252.6

	2011
	14.0
	14.9
	40.5
	87.2
	38.5
	7.0
	202.1

	2012
	53.7
	14.7
	33.5
	21.2
	67.6
	45.4
	236.1

	2013
	16.5
	62.8
	50.2
	41.9
	102.6
	111.0
	385.0

	2014
	35.7
	105.5
	51.3
	98.6
	14.2
	39.9
	345.2

	2015
	25.7
	108.2
	83.1
	63.0
	1.8
	47.7
	329.5

	2016
	52.3
	145.4
	87.1
	77.5
	46.1
	4.3
	412.7

	2017
	27.2
	20.2
	56.4
	72.8
	6.9
	26.2
	209.7

	2018
	11.3
	28.1
	123.1
	78.9
	7.0
	55.5
	303.9

	2019
	33.7
	72.1
	26.6
	36.9
	17.2
	33.4
	219.9

	2020
	37.1
	148.8
	73.4
	71.9
	12.4
	17.2
	360.8

	2021
	75.3
	52.3
	118.5
	39.3
	46.0
	83.0
	414.4

	2022
	89.5
	32.3
	69.8
	106.1
	55.3
	140.6
	493.6

	2023
	46.3
	8.4
	60.9
	51.4
	56.6
	11.0
	232.9

	Average 
	36.9
	56.0
	65.3
	73.8
	41.2
	56.0
	329.2

	 %
	11.2
	17.0
	19.8
	22.4
	12.5
	17.0
	100.0



[image: ]
Fig. 2 Dynamics of atmospheric precipitation for the growing season of
1990–2023 ("Romen" DIS)

Atmospheric precipitation is one of the main factors that determines the features of regional climate, so their amount and distribution are determining indicators in the formation of the territory's moisture regime [23].
The categorization of precipitation amounts was made by the instruction on meteorological forecasting following the gradation: light (<3 mm), moderate (4–14 mm), significant (15–29 mm, 30–39 mm and 40–49 mm), heavy (50–59 mm, 60–69 mm and 70–79 mm) and extreme precipitation (80–89 mm and 90–100 mm) [24].
It was determined that the water regime of the active soil layer during the growing season is formed mainly due to moderate (4–14 mm – 44%) and significant (15–49 mm – 40%) precipitation, the total share of which is 84%.
The distribution of precipitation (by repetition and average intensity) by months of the growing season (1990–2022) is shown in Fig. 3.
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Fig. 3 Distribution of moderate and significant precipitation (by repetition and average intensity) for the growing season of 1990–2022 ("Romen" DIS): 
a – moderate (4–14 mm); b – significant (15–29 mm); c – significant (30–39 mm); d – significant (40–49 mm)

The trend towards an increase in the share of significant precipitation can be traced in years with high-water growing seasons. Thus, in 2006, the total amount of precipitation for the growing season was 584,8 mm. At the same time, the share of moderate precipitation was 33,4% (195,4 mm), and significant – 59,7% (349,3 mm) for the growing season (Fig. 4). The predominant amount (221,1 mm) of significant precipitation falls in the range of 15–29 mm. The largest amount of precipitation for the growing season was recorded in May (152,1 mm) and July (117,6 mm) (Table 2).
In 2022, the total amount of precipitation for the growing season was 493.6 mm. At the same time, the share of moderate precipitation was 39,7% (196,1 mm), and significant – 49,6% (244,6 mm) for the growing season (Fig. 5). The predominant amount (111.4 mm) of significant precipitation falls in the range of 15–29 mm. The largest amount of precipitation for the growing season was recorded in September (140,6 mm) and July (106,1 mm) (see Table 2).
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Fig. 4 Distribution of precipitation for the growing season of 2006
(following the gradation by [25]), "Romen" DIS 
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Fig. 5 Distribution of precipitation for the growing season of 2022
(following the gradation by [25]), "Romen" DIS

In 1990, the total precipitation amount for the growing season was 435.6 mm. The growing season of the year was characterized by an increase in the share of significant precipitation, which amounted to 46,0 % (200,3 mm) compared to the average values for the studied period (1990–2023). The share of moderate precipitation was 39,3% (171,3 mm) (Fig. 6). Most significant precipitation (165,0 mm) fell in the range of 15–29 mm. The largest precipitation amount during the growing season was recorded in April (92,5 mm) and July (87,6 mm) (see Table 2).
At the same time, there is a trend towards an increase in the share of moderate precipitation in years with low-water growing seasons.
Thus, in 2011, the total precipitation amount for the growing season was 202.1 mm. At the same time, the share of moderate precipitation was 48.9% (98,6 mm), and significant – 30,1% (61,0 mm) (Fig. 7). Significant precipitation fell in the range of 15–29 mm. The largest precipitation amount for the growing season was recorded in July (87,2 mm) and June (40,5 mm) (see Table 2).
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Fig. 6 Distribution of precipitation for the growing season of 1990
(following the gradation by [25]), "Romen" DIS
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Fig. 7 Distribution of precipitation for the growing season of 2011
(following the gradation by [25]), "Romen" DIS

Similarly, in 2017, the total precipitation amount for the growing season was 209,7 mm. At the same time, the share of moderate precipitation was 49,0% (102,9 mm), and significant – 33,0% (69,0 mm) (Fig. 8). Significant precipitation in almost the same amount (33,8 and 35,2 mm) fell on the ranges of 15–29 and 30–39 mm. The largest precipitation amount for the growing season was recorded in July (72,8 mm) and June (56,4 mm) (see Table 2).
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Fig. 8 Distribution of precipitation for the growing season of 2017
(following the gradation by [25]), "Romen" DIS
Information materials on the distribution of atmospheric precipitation by year in quantitative and percentage values, its repetitions for the growing seasons of 1990–2022 ("Romen" DIS, Sumy region) are presented as interactive visual reports (dashboards) with graphic materials that can be the basis of forming an assessment system for soil water regime. Dashboards enable us to visualize data and metrics in a convenient and understandable format, which makes it possible to quickly analyze and make decisions.
A fragment of the developed dashboard is shown in Fig. 9.
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Fig. 9 Fragment of the dashboard for the growing season of 2022 ("Romen" DIS)

The created dashboard consists of graphic materials that display all necessary metrics of precipitation distribution in quantitative and percentage values and its repetitions on one screen. It was made based on smart tables, where the AutoFilter function was added to each header column, which, in turn, determines what should be displayed or, conversely, not displayed at a specific time. Smart tables are a type of formatting, and after applying them to the specified range of data, their array acquires certain properties. First of all, after that, the program begins to consider it not as a range of cells but as a complete element. If an entry is made in any of the cells of a row or column, located directly near the boundaries of a “smart” table, this row or column will be automatically included in the table range [25, 26].
When using smart tables, the perception of an electronic worksheet improves, and data processing becomes easier, as they are adjusted to a certain system. Their use allows you to effectively use the time for data preparation by reducing manual operations, effectively making tables, and quickly using graphic elements.
This possibility proved its effectiveness in processing a large array of data, and the use of dashboards made it possible to display relevant information, form the necessary input data for making the right decision, and monitor the process of changing meteorological data [27, 28].
In general, the creation of information materials with the use of dashboards helps to monitor the changes in climatic conditions, promptly providing relevant data when forecasting future trends of changes in water availability of agricultural areas and solving challenges related to climate change.
Conclusions. To solve the modern problems of managing agricultural systems, namely soil water regime on drained lands in modern conditions of climate change, it is relevant today to study climate change both at the regional and local levels and to create informational materials for assessing the impact of modern climatic factors on forming soil water regime.
According to the results of research carried out at the "Romen" DIS (Sumy oblast), it was established that the average air temperature for the growing seasons over the past 34 years has varied from 14,2 to 19,4 oC. In general, there is a tendency to a slight decrease (almost by 0,2 oC) in the average air temperature for a growing season. The highest average monthly air temperatures were recorded in July and August, and the lowest in April.
It was determined that the water regime of the active soil layer during the growing season is formed mainly due to moderate (4–14 mm – 44%) and significant (15–49 mm – 40%) precipitation, the total share of which is 84%. There is an increasing trend in the share of significant precipitation (on average, up to 46–60% of the total amount for a growing season) in the years of high-water growing seasons, and most of it is in the range of 15–29 mm. There is also an increase in the share of moderate precipitation (up to 49% of the total for a growing season) in the years of low-water growing seasons.
Information materials on the distribution of atmospheric precipitation by year in quantitative and percentage values, and their repetitions for the growing seasons of 1990–2022 ("Romen" DIS, Sumy region) were made and presented as interactive visual reports (dashboards) with graphic materials. Dashboards enable us to visualize data and metrics in a convenient and understandable format, which makes it possible to quickly analyze and make decisions. They can be an important component of the information assessment system for forming soil water regimes, which makes it possible to monitor changes in climatic conditions and quickly provide relevant information for forecasting future trends in changing water availability of agricultural areas.
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Анотація. Наведено результати досліджень щодо створення інформаційних матеріалів для оцінювання впливу сучасних кліматичних факторів на формування водного режиму ґрунту на осушуваних землях. За результатами досліджень на ОЗС «Ромен» (Сумська обл.) встановлено, що за останні 34 роки середня температура повітря у вегетаційний період змінювалася у межах від 14,2 до 19,4 оС, загалом відзначається тенденція до незначного її зниження (майже на 0,2 оС). Найвищі показники середньомісячної температури повітря припадають на липень та серпень, а мінімальні – на квітень. Визначено, що водний режим активного шару ґрунту у вегетаційний період формується, головним чином, за рахунок помірних (4–14 мм – 44 %) та значних (15–49 мм – 40 %) опадів, загальна частка яких становить 84 %. Простежується тенденція до зростання частки значних опадів (у середньому до 46–60 % загальної кількості у період вегетації) у роки з багатоводними вегетаційними періодами, а переважаюча їх кількість припадає на діапазон 15–29 мм. Відзначається також зростання частки помірних опадів (до 49 % загальної кількості за період вегетації) у роки з маловодними вегетаційними періодами. Створено інформаційні матеріли щодо розподілу атмосферних опадів за роками в кількісному та відсотковому показниках, їх повторюваності у вегетаційний період 1990–2022 рр. (ОЗС «Ромен», Сумська обл.), які подані у вигляді інтерактивного візуального звіту з графічними матеріалами (дашборду). Інформаційні матеріали у вигляді дашбордів дають змогу відстежувати зміни кліматичних умов, оперативно надаючи актуальні дані під час прогнозування майбутніх тенденцій зміни водозабезпеченості сільськогосподарських територій, зокрема і  формування водного режиму ґрунту на осушуваних землях, та розв’язанні завдань відповідно до викликів, пов'язаних зі змінами клімату.
Ключові слова: зміни клімату, осушувані землі, атмосферні опади, температура повітря, інформаційні матеріали, водний режим ґрунту 
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