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APPLICATION OF BIG DATA
TECHNOLOGIES TO ASSESS THE NATURAL
MOISTURE OF THE TERRITORY

A.IL Paviova

Due to the sharp changes in climatic conditions in Western Siberia, the most
pressing problem is food security associated with forecasting crop yields. There
is a need to estimate the natural wetness of the area on the basis of agroclimatic
indicators, among which the sum of active air temperatures and precipitation is
currently the most widely used.

Background. However, for a comprehensive assessment of the wetness of the
territory, it is necessary to take into account the climate energy resources associated
with evaporation of different time resolutions (day, decades, months, vegetation
period, year). The initial meteorological parameters are described in the form of
poorly structured information of a large volume. Therefore, various technologies
and algorithms of machine processing are used in the work.

Purpose. The application of big data technologies to assess the natural moisture
of the territory

Materials and methods. With the help of the high-level Python programming
language and engineering libraries, a comprehensive assessment of the territory
was carried out using the example of Mirny of the Kochenevsky District of the
Novosibirsk Region in the context of long-term average data and two years 2019
and 2020. That the use of machine processing technologies related to NoSQL data
requests, creation of data set and big data slices allows to store and process mete-
orological parameters using cloud services of different time resolution. This makes
it possible to significantly reduce the time for a comprehensive assessment of the
territory according to agroclimatic parameters. As a result of the work, precipitation
distribution, temperature, relative air humidity, evaporability, humidification coef-
ficients (Ivanov-Vysotsky and Selyaninov hydrothermal coefficient) were obtained.

Results. The paper proposes to use technologies of big data processing using
Python, including pre-processing of poorly structured hydrometeorological data,
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execution of NoSQL queries, compilation of summary reports on agroclimatic pa-
rameters. Pre-processing consists of processing hourly meteorological data, filling
gaps in the data, making slices in big data to process multi-temporal queries (day,
month, growing season, year). By the example of Mirny farm in Kochenevsky district
of Novosibirsk region (Russian Federation), big data processing was performed
to calculate agroclimatic parameters to assess the natural moisture content of the
area and yield forecasting.

Conclusion. The practical significance of the work is as follows:

- the application of big data processing technologies has significantly re-
duced the time for the labor-intensive process of assessing agrometeoro-
logical parameters;

- obtained aggregated meteorological parameters of different temporal
resolution (hours, days, decades, months) allowed us to identify a strong
variability of agroclimatic conditions for the territory of Mirny farm Ko-
chenevsky district, located in the forest-steppe zone of Western Siberia;

- perform an integral assessment of agroclimatic conditions by calculating
the integral indices of moisture, climate continentality, and agroclimatic
potential.

Keywords: climatic conditions; moisturizing, machine learning algorithms;
machine learning model; forest-steppe zone; yield forecasting, moisture supply of
the territory
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Hayunas cratbs | BoqHblil pexxuM mouBbI

MPUMEHEHME TEXHOJIOT Uil BOJbIINX
TAHHBIX IS OEHKHA ECTECTBEHHOM
BJIAKHOCTH TEPPUTOPUH

A.U. Ilasnosa

B ceéa3u ¢ pesxum usmenenuem kaumamuyeckux yciosuti 6 3anaonou Cubupu
Haubonee aKmyaibHOU nPoodILeMoll AGISeMCs NPOOOBOIbCMEECHHAS. OE30NACHOCb,
CEA3AHHASL C NPOSHOZUPOBAHUEM YPONCAUHOCIIU CElbCKOXO3AUCIBEHHBIX KYILbMYp.
Bosuuraem neobxo0umocnms oyeHKu ecmecmeeHHol Y61aiCHeHHOCIY Meppumopuu
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Ha OCHOBE ASPOKTUMANUYECKUX NOKA3ameietl, cpedu KOMOpbIX 8 HACTosuee 6pems
Haubonee WUpoKo UCNONL3YEMCs CYMMA AKMUGHBIX MeMNepamyp 6030YXd U 0CAOK0G.

Obocnosanue. OOHaKo O/ KOMNJIEKCHOU OYEHKU YEIANCHEHHOCMU MepPUumo-
Ppull HeOOX0OUMO YYUMBLEANb KIUMAMUYECKUE IHEPLeMUYECKUEe PECYPCbl, C8A3AH-
Hble C UChapeHuem pasiuiHo20 6PEMEHHO20 pa3peuleHus (Cymku, 0ekaosl, Mecsybl,
6ecemayuonnbvlil nepuoo, 200). Hcxodnvie memeopono2uueckue napamempsl onu-
CHIBAIOMCS 6 GUAE NIOXO CIMPYKIMYPUPOSAHHOU UnGopmayuu 6o1bul020 odvema.
Tloomomy 6 pabome uUCnONBL3VIOMCS PA3TUYHbIE MEXHOIO2UL U ANOPUMMbL M-
WUHHOU 0OpabomKu.

ILenv padomot. [Ipumenenue mexnono2uil OOILULUX OAHHBIX OJisL OYEHKU ecme-
CMBEHHO20 YEILANCHEHUS MePPUMOPUL.

Mamepuanvt u memoowt. C nomMowbio A3blKa NPOSPAMMUPOBAHUS GbICOKO2O0
ypoeHs Python u unoicenepHvix 6udnuomex Ovlia nposedeHa KOMIIEKCHAsSL OYEHKA
meppumopuu Ha npumepe 2. Mupnoiii Kouenescxkoeo pationa Hosocubupckoi 06-
aacmu 8 paspesze CpeoHux MHo2onemuux oanuvix u 08yx nem 2019 u 2020 2e. Ymo
UCNONBb3068AHUE TMEXHONO2UIL MAWUHHOU 00pabomKu 3anpocos Kk oarHbim NoSQL,
co30anue Habopa OAMHBIX U CPe308 OONLUUUX OAHHBIX NO360AC XPAHUMb U 00pPa-
bamvieams Memeopono2uiecKue napamempbl ¢ UCHONbL306aHUEM OONAUHBIX CePElU-
€08 Pa3IUiHO20 8PEMEHHO20 paspeulenus. Imo 0aem 603MONCHOCHb SHAUUTNETLHO
COKpamums 8pemsi Ha KOMNILEKCHYIO OYEHKY MePPUopull no acpOoKIUMAMULecKUM
napamempam. B pesynbmame pabomul nomyueHo pacnpeoenenue 0caokos, memnepa-
mypa, OMHOCUMENbHAS 6LAICHOCTL 8030VXA, UCNAPAEMOCTb, KOIPhuyuenmol y6-
JadCHe s (2uopomepmudeckutl koapguyuenm Heanosa-Boicoykozo u CensHunosa).

Pesynomamut. B pabome npednazaemcs ucnois3068ams mexHoaio02uu 0opadbom-
KU OONbUUX OAHHBIX ¢ UCNONb306aHUeM Python, sxntouas npedobpabomky ciabo-
CMPYKMYPUPOBAHHBIX SUOPOMEMEOPONOSULECKUX OAHHBIX, binoaneHue NoSQL
3anpocos, cocmagienue C60OHBIX OMYEMos NO AZPOKIUMAMUYECKUM NAPAMEMPAM.
IIpedsapumenvras obpabomka 3axaodaemcs 8 06pabome NOUACOBbIX Memeopo-
J02UNECKUX OAHHBIX, 3aNOIHEHUU NPOOEL08 8 OAHHBIX, CO30AHUU CPE308 8 DOTLUIUX
OaHHbBIX OJ151 0OPAOOMKU PAZHOBPEMEHHBIX 3ANPOCOS (O€Hb, MeCslY, 8e2emMayUOHHbLIL
nepuoo, e00). Ha npumepe xosaiicmsea « MupHuiiiy Kouenesckozeo paiiona Hosocu-
oupckou oonacmu (Poccuiickas @edepayus) 6viia nposedera oopaboma 6o1buiux
OaHHBIX 0151 pacuema azpoKIUMAMUYECKUX Napamempos ¢ Yenvlo OYeHKU ecme-
CMGEHHOU 671A2000eCHeUeHHOCIU MePPUMOPUU U NPOSHOZUPOBAHUS YPOICAIHOCTIU.

3aknouenue. [paxmuueckas 3HauUMOCnb pabomvl 3aKIOUAEHICA 8 CLEOYIOWEM:

- npumeneHue mexHoao2uti 00padomKU OOILUUX OAHHBIX NO36ONULO SHAUU-
MENbHO COKPAMumMy 8pemst Ha mpyOOeMKUll NPOYecc OYeHKU acpoMeneo-
PONo2UHECKUX napamempos;
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- NOMYYEeHHble acpecupoBantble MEMeopoIocUiecKue napamempsl pasiuy-
HO20 8peMEHH020 paspeuienus (4acvl, OHU, 0eKaobl, Mecsaybl) NO3GONUNU
BbIAGUMD CUTLHYIO USMEHUUBOCHb ACPOKAUMAMUYECKUX YCA08ULL 0151 mep-
pumopuu xymopa Mupnviii Kouenegckozo paiiona, pacnonojicenno2o 6
necocmennotl 30He 3anaouot Cubupi;

- npogecmu UHMePAIbHYI0 OYEHKY ACPOKAUMATNUYECKUX YCI0GUI nymem
pacuema uHmezpanbHblX UHOEKCO8 VELANCHEHUsl, KOHMUHEHMATbHOCIU
KAUMAMA U azpoKIuUMamuyecko20 NOmeHyuad.

Kniwouegvie cnosa: xnumamuueckue yciogus, YeiadicHeHue; aieopummsl ma-
WUHHO20 00YYenUs, MOOeNb MAUWUHHO20 0OYYeHUs, 1eCOCTNENHAs 30Hd; NPOCHO3U-
posane ypolCalHoCmu; 81a2000ecneyerue meppumopuu

Jna yumuposanus. Ilasnosa A.U. Ilpumenenue mexnonozuti Oo16uuUx OGHHbIX
0JI51 OYeHKU ecmecmeeHH020 yenadxcrhenus meppumopuu // Siberian Journal of Life
Sciences and Agriculture. 2023. T. 15, Ne3. C. 139-154. DOI: 10.12731/2658-6649-
2023-15-3-139-154

Introduction

Good spatial planning is essential to implementing ecological-landscape
approaches. An adaptive-landscape farming systems are being developed for
the rational use of agricultural land in Russia. The basic of such systems are
the results of agro-ecological evaluation of land. It is necessary to perform a
comprehensive assessment of the territory by climatic, geomorphological, soil,
and economic conditions. The application of geographic information systems
(GIS) allows us to systematize a variety of information in spatial databases.
Climatic factors play the most important role in shaping crop productivity. Cur-
rently relevant research in the field of automated data analysis for assessing the
state, monitoring agricultural land and crop productivity management [5, 11,
15]. Application of geoinformation technologies allows to systematize various
information in cartographic and attributive databases, facilitates the solution of
the problem of integrated assessment of the territory [7, 14, 17-20].

In the domestic literature there are often works devoted to the calculation of
the average annual agrometeorological parameters. However, due to the sharp
fluctuations of weather conditions, the calculation of agrometeorological parame-
ters for individual periods of the growing season during the year is most relevant.
In the domestic literature there are articles devoted to the problem of forming da-
tabases of meteorological parameters of different temporal resolution.

Scientific novelty of the work consists in the application of technologies
for processing poorly structured meteorological data. The big data processing
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technologies used in the work are related to statistical analysis of the data, iden-
tification and filling in the missing values, taking into account the average value
for the day, conversion of symbolic data into a numeric form, structuring the
original information and recording it in a compact SQLite database. The novelty
of the research is in the application of NoSQL queries to large meteorological
data, allowing the formation of the result in the form of tables and summary
reports with different time intervals [24-25]. This is of practical importance
for calculating not only the average annual values, but also the actual agrome-
teorological parameters for individual periods of crop vegetation [2, 12, 13].

A large number of works devoted to the creation of spatial geodatabas-
es (geodatabases) have been published. The practical implementation of such
geodatabases is often associated with the geographic data set of the ArcGIS
geographic information system. Geographic datasets, in turn, consist of spatial
objects united by thematic content. The objects belonging to the same class
are characterized by a certain geometric data type, coordinate system and map
projection. From this point of view, the spatial database acts as a physical re-
pository of diverse information [16].

In our opinion, the development of spatial databases for agricultural land
assessment requires a multidimensional approach.

Such an approach can be realized by applying:

- modern Internet technologies, cloud technologies of data storage and access;

- technologies of big data processing;

- use of Geographic Information System (GIS) for spatial reference of ob-
jects and creation of information models.

Currently, there are challenges in developing a spatial data infrastructure for
comprehensive agricultural land assessment.

Despite the various functionality of GIS, work on the creation of applied ag-
ronomic GIS is still relevant [21-23, 26]. In particular, agroclimatic assessment
of territory resources and soil-ecological assessment is carried out on the basis
of multi-year statistical hydrometeorological parameters [4, 6, 12, 13]. When
predicting and managing the productivity of cereals, it is necessary to operate
not only with the average long-term information of the heat and moisture sup-
ply of the growing period, but also with their change during the current year
by decades, months, vegetation periods. In the conditions of the sharply con-
tinental climate of Western Siberia, uneven precipitation in certain periods of
vegetation has a significant impact on the level of productivity of grain crops.

The purpose of the studies is to assess the wetness of the territory (Mirny in
the Kochenevsky district of the Novosibirsk region) using Big Data technologies.
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The tasks of the work are to select agroclimatic parameters for assessing the
wetness of the territory; initial data collection and systematization; processing
of current and archived meteorological data using big data technologies.

Data processing technologies based on data mining are becoming increas-
ingly common. Among such methods regression, decision trees, deep neural
networks, genetic algorithms are most widely used. Big data technologies are
available to a wide range of people thanks to the Python language. The ob-
ject-oriented programming language Python is characterized by the compact-
ness of the program code and the presence of engineering libraries.

Materials and Methods

Agroclimatic indicators affecting plant growth and development, and, con-
sequently, the value of yields, were used to estimate the moisture content of the
area. The sum of active air temperatures above 10°C was used as an indicator
of heat supply of the territory and biological needs of crops. This sum of aver-
age daily air temperatures determines the duration of the growing season of the
leading crops. Precipitation, air humidity, evaporation, as well as coefficient by
N.N. Ivanov (Ky) [4] and hydrothermal coefficient (HC) by G.T. Selyaninov
[12] were used as indicators of humidity. To fully assess the energy resources
of climate and agroclimatic conditions of crop cultivation, the climate conti-
nental coefficient (Cc) and agroclimatic potential (AP) were calculated [3, 6].

In determining evaporability, equations of water and heat balances are used,
as well as empirical relationships of evaporability with air temperature and air
humidity deficit. The humidification coefficient was determined by the formula
of G. N. Vysotsky — N. N. Ivanov [4]:

K,=RIE, (1)
where R — rainfall, mm; E — evaporability, mm.

In the conducted studies, evaporability was calculated according to the for-
mula of N.N. Ivanov, according to which monthly indicators of relative humid-
ity and air temperature are taken into account:

E =0,0018 - (25 + 7)*- (100 — ), 2)
where £ — monthly evaporability in mm; 7' — average monthly air temperature
in °C; a — average monthly relative air humidity as a percentage.

Evaporability per decade in mm was calculated using the formula of N.N.
Ivanov:

E =0,061-(25+1t)’-(1-0,01p), 3)

where E — evaporability per decade in mm; t — average air temperature in ° C
per decade; P - relative air humidity per decade,%.
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The value of continental climate is influenced by the geographical features
of the territory, as well as the air temperature of the warmest month and the
coldest month. The climate continental coefficient (C,) was calculated accord-
ing to the formula [6]:

C:M

4
¢ p+10 @

where ¢ — the average monthly temperature of the warmest month; ¢ . — the
average monthly temperature of the coldest month; ¢ — the latitude, degrees.
For a generalized assessment, the agroclimatic potential is calculated

P:Zt>10(Ky—P)
C.+100

where — sum of active air temperatures above 10°C;

K, — precipitation-evaporation ratio;

P — correction for humidification factor.

To assess the hydrothermal conditions of wheat cultivation, an integral hu-
midification indicator was used in the work — a hydrothermal coefficient (HC)
determined by the formula of G.T. Selyaninov in the form of a ratio of the sum
of precipitation for a certain period multiplied by 10 to the sum of active air
temperatures above 10°C for the same period:

) )

HC - R-10 ’
Dt>10
where R — the amount of precipitation, mm; At the same time humidification

excess for HC is more than 1.3; optimal with HC from 1 to 1.3; insufficient for
HC less than 1; weak — HC less than 0.5 [12].

(6)

Results

In order to increase the efficiency of calculations of agroclimatic param-
eters, an information model has been developed. This model is necessary in
the future for the practical implementation of agronomic geographic infor-
mation systems.

For calculations, daily data of hydrometeorological parameters obtained
at meteorological sensors of weather stations are used. Fig. 1 shows the initial
data of the meteorological station Obskaya, located in the Novosibirsk region
and having the number according to the generally accepted international sys-
tem 29635.
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MecTHoe Bpemsa T Po P u DD Ff ff10 wW Td RRR tR sss
16.12.2020 19:00 -12.4 766.0 778.3 83 BeTep, Aylowymii ¢ toro-tore 5 4.0 -14.7 0.2 12

16.12.2020 10:00 -15.6 766.9 779.3 90 Wrwnb, GesseTpue o 10.0 -16.9

16.12.2020 07:00 -14.4 766.2 778.5 89 Bertep, ayrowwmii ¢ toro-3ar 1 4.0 -15.9 1 12 28
16.12.2020 01:00 -127 764.5 776.7 89 BeTep, Aylowuii ¢ toro-3ar 2 4.0 -14.1

15.12.2020 22:00 -12.3 763.1 7753 87 BeTep, Ayrowuii ¢ toro-3ar 2 4.0 -14.0

15.12.2020 19:00 -11.9 762.1 7743 88 Bertep, ayrowwii ¢ 3anago: 2 4.0 -13.5 0.3 12
15.12.2020 16:00 -11.9 760.6 7727 87 BeTep, Ayrowuii ¢ toro-3ar 3 4.0 -13.6

16.12.2020 13:00 -9.6 759.3 771.2 91 BeTep, Aytowmii ¢ toro-3ar 4 4.0 -10.8

15.12.2020 10:00 -8.7 758.8 770.8 92 Bertep, Aytowmii ¢ loro-3ar 3 10.0 -9.8

15.12.2020 07:00 -9.5 758.6 770.5 86 Bertep, ayrowwii ¢ oro-sar 4 20.0 -11.4 1 12 24
15.12.2020 04:00 -10.1 758.5 770.5 85 BeTep, Aylowwii ¢ 3anago: 3 20.0 -12.2

15.12.2020 01:00 -8.6 758.2 7701 86 BeTep, Ayrowuii ¢ toro-3ar 4 20.0 -10.6

14.12.2020 22:00 -8.4 758.8 770.6 93 BerTep, Ayrowmii ¢ toro-tor¢ 7 1 4.0 -9.3

14.12.2020 19:00 -9.1 759.7 771.6 87 BeTep, Ayrowuii ¢ toro-for« 8 20.0 -10.9 0.2 12

14.12.2020 16:00 -11.9 761.2 773.3 88 BeTep, Aylowuii ¢ toro-tore 2 10.0 -13.5

14.12.2020 13:00 -12.0 7621 7741 85 BeTep, Ayrowuii C loro-iort 5 20.0 -14.1

14.12.2020 10:00 -11.9 762.3 774.4 85 BeTep, Aylowymii ¢ toro-tore 5 20.0 -13.9

14.12.2020 07:00 -11.6 762.4 7744 85 Betep, Aylowuii ¢ loro-3ar 3 10.0 -13.6 0.2 12 23
14.12.2020 04:00 -12.2 762.1 7743 85 Bertep, ayrowwmii ¢ roro-3ar 2 20.0 -14.2

14.12.2020 01:00 -125 762.0 7741 85 BeTep, Aylowuii ¢ 3anago: 2 10.0 -14.5

13.12.2020 22:00 -12.3 761.3 7734 81 BeTep, Ayrowuii ¢ toro-3ar 2 20.0 -14.9

13.12.2020 19:00 -11.6 760.9 773.0 79 Berep, Aytowwii ¢ 3anapo 2 20.0 -14.5 0.4 12

13.12.2020 16:00 -11.1 760.4 7724 87 BeTep, Ayrowuii ¢ toro-3ar 2 4.0 -12.9

13.12.2020 13:00 -11.8 760.8 772.9 82 BeTep, Ayrowmii ¢ toro-tor¢ 7 20.0 -14.3

13.12.2020 10:00 -12.8 761.1 7732 85 BeTep, Ayrowuii ¢ lora 7 20.0 -14.8

13.12.2020 07:00 -12.5 761.4 7735 86 BeTep, AyroWwuii ¢ toro-rort 7 10.0 -14.4 Cneppbl oc 12 23
13.12.2020 04:00 -11.7 761.9 774.0 86 BeTep, Aylowuii C loro-lort 5 10.0 -13.6

13.12.2020 01:00 -10.6 7623 7743 87 BeTep, Ayrowuii ¢ toro-ror 5 10.0 -12.4

12.12.2020 22:00 -10.2 762.9 774.9 86 BeTep, Ayrowwii ¢ toro-tor¢ 5 20.0 -12.1
|12.12 2020 19:00 -9.8 763.1 7751 86 BeTep, Ayrowuii ¢ toro-ror 5 20.0 -11.8 0.3 12

12.12.2020 16:00 -10.2 763.0 775.1 88 BeTep, Aylowwii ¢ lora 3 10.0 -11.9

12.12.2020 13:00 -10.8 763.5 7756 90 Berep, aytowwmii ¢ ora 5 20 -12.2

12.12.2020 10:00 -11.1 763.9 776.0 87 BeTep, Aylowmii ¢ toro-tor¢ 7 10.0 -12.8

12.12.2020 07:00 -11.2 763.9 776.0 90 Bertep, Aylowuii ¢ lora 5 4.0 -12.6 0.2 12 23
12.12.2020 04:00 -10.8 764.5 776.6 83 BeTep, Ayrowuii ¢ lora 6 10.0 -13.1

Fig. 1. Baseline meteorological data used to estimate humidification.
Source: https://rp5.ru/

Initial meteorological data are characterized by poor structuring, large volume,
complexity of processing in a traditional way, for example, using mathematical cal-
culations using Microsoft Excel. For example, in the absence of precipitation, var-
ious types of data are used: numerical (in the presence of precipitation), as well as
symbolic (in the presence of traces of precipitation or their absence). In this regard,
a program was developed in the Python programming language. Python language
allows you to develop full-featured programs with a graphical interface, as well as
perform data processing online using frameworks. In practice, various frameworks
are used: Google Colab, PyTorch, Veles (Samsung), Apache Spark Mllib, Apache
Mabhout, Apache Singa, Caffe 2, Microsoft Azure ML Studio, Microsoft Congnitive
Toolkit, Amazon Machine Learning, Brainstorm, Marvin, Neon.

This allowed us to analyze wetting conditions using the example of the
Mirny land use located in Kochenevsky district of Novosibirsk region (81.9591°,
54.8962°, 82.2747° eastern longitude, 55.0092° north latitude, Russia). The
study area belongs to the central forest-steppe Priobsky agro-landscape region.
Geomorphologically, this area belongs to the high structural geomorphological
relief surface [1,8,9,10] with prevailing elevations from 175 to 210 m above sea
level. The Priobskoe plateau is located in the south-eastern part of the Ob-Irtysh
interfluves and occupies most of the Novosibirsk region. The Priobskoe plateau
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is bounded by the Salair ridge in the north, the Biye-Chumyshskaya Upland in
the south, the Kulundinskaya alluvial plain in the southwest and the Barabinska-
ya lowland in the west. During the Paleogene there was a gradual sinking of the
Priobskoe plateau with a gradual accumulation of thick layers of sedimentary
rocks. The modern relief was formed in the Lower and Middle Quaternary pe-
riod and is associated with erosion processes. Later in the Upper Quaternary, a
young erosional relief developed on the Priobskoe plateau [1, 8-10].

The soil cover is diverse. Automorphic, hydromorphic and semi-hydromor-
phic soils are widespread. Automorphic soils with common and leached cher-
nozem are found on the tops of hills. The slopes of the uvals are occupied by
meadow-chernozem and dark grey forest soils. The lower parts of slopes are main-
ly covered with meadow-chernozem soils. Meadow soils, as well as soil complex-
es with salts, meadow-marsh humus, meadow solonchaks and meadow-marsh
marshes are widespread among the massifs of black earth soils. The most de-
pressed areas in the relief are occupied by meadow-marshy humus, marshy soils.
In the depressions, marshy soils can be found under woody vegetation.

Meteorological parameters of 2019 and 2020 were used for processing
(more than 8000 lines in the dataset) (Table 1). The following techniques of
big data processing are used in the work, involving mathematical operations of
sorting, coding, construction of data slices, and aggregation. The process of en-
largement or aggregation serves in the work to reduce dimensionality and better
represent the results of moisture estimation. Aggregation procedures were used
to systematically describe precipitation, air temperature, relative humidity, and
evaporation with different temporal resolution: by decades, months, vegetation
periods (May-June, May-July, May-August) and annual average.

Table 1.
Agroclimatic conditions of growing season humidification
for grain crops cultivation

Indicator month 2019 year 2020 year
May 28 44
Precipitation, mm June 17 32
prration. Jule 94 75
August 20 49
o May 372 569
temperatures above 10 |20 71 576

u \

degrees Celsius Jule 699 716
August 705 688
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In general, the hydrothermal conditions of the growing season in 2019 for
wheat growth on the territory of Mirny in the Kochenevsky district were insuf-
ficient and assigned to the dry agriculture zone (HC = 0,68). The hydrothermal
conditions of the growing season in the current 2020 for wheat growth were
also insufficient and classified as an arid zone of agriculture (HC = 0,78). The
results of the assessment of natural humidification in 2019 and this year showed
that the studied area belongs to the zone of moderately insufficient and unsta-
ble humidification. Humidification ratios were 0,40 (2019) and 0,58 (2020).

The results showed that the agroclimatic conditions for wheat cultivation
in the current year were more favorable, in comparison with 2019. The humid-
ification indicator for the vegetation period (Vysotsky-Ivanov humidification
coefficient) and the hydrothermal coefficient (G.T. Selyaninov) exceed the val-
ues of last year.

In general, the values of soil and environmental indices in 2019 are less by
an average of 30 points, which is explained by a decrease in agroclimatic po-
tential (AP = 6,55). Agroclimatic conditions in 2020 were more favorable for
wheat cultivation, compared to 2019. The climate continental coefficient was
185, which is significantly less than the average long-term value (C, = 364).
Agroclimatic potential is higher by 3,65 compared to last year.

Discussion

In the course of the research, the moisture content of the farm located in the
forest-steppe zone of Western Siberia was assessed. In the cultivation of grain
crops climate is the most important factor. The results of the work showed the
possibilities of quantitative assessment of agroclimatic parameters with differ-
ent temporal resolution.

The use of big data processing technologies to assess the moisture content
of the territory allows one hand to process poorly structured data without the
use of standard data query languages. This significantly speeds up the analysis
process. On the other hand, use of programming language Python and engineer-
ing libraries is aimed at possibility of fast conversion of the processed data in
different formats. So our developed program allows to save data in Excel, pdf,
csv formats and present it as a table of modern DBMS SQLite. This is aimed
at expanding the possibilities of displaying spatial data for geographic infor-
mation systems.

However, for crop yield prediction, the results of evaluation of topogra-
phy, soils and environmental factors related to plant requirements are needed.
Therefore, further research is aimed at an integrated approach in the assessment
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of agroclimatic, geomorphological and soil conditions of the territory for the
prediction of grain crop yields.

In the course of the research, the moisture content of the farm located in the
forest-steppe zone of Western Siberia was assessed. In the cultivation of grain
crops climate is the most important factor. The results of the work showed the
possibilities of quantitative assessment of agroclimatic parameters with differ-
ent temporal resolution.

The use of big data processing technologies to assess the moisture content of
the territory allows one hand to process poorly structured data without the use of
standard data query languages. This significantly speeds up the analysis process.
On the other hand, use of programming language Python and engineering libraries
is aimed at possibility of fast conversion of the processed data in different for-
mats. So our developed program allows to save data in Excel, pdf, csv formats
and present it as a table of modern DBMS SQLite. This is aimed at expanding
the possibilities of displaying spatial data for geographic information systems.

However, for crop yield prediction, the results of evaluation of topogra-
phy, soils and environmental factors related to plant requirements are needed.
Therefore, further research is aimed at an integrated approach in the assessment
of agroclimatic, geomorphological and soil conditions of the territory for the
prediction of grain crop yields.

Conclusion

The practical significance of the work is as follows:

- the application of big data processing technologies has significantly re-
duced the time for the labor-intensive process of assessing agrometeorological
parameters;

- obtained aggregated meteorological parameters of different temporal reso-
lution (hours, days, decades, months) allowed us to identify a strong variability
of agroclimatic conditions for the territory of Mirny farm Kochenevsky district,
located in the forest-steppe zone of Western Siberia;

- perform an integral assessment of agroclimatic conditions by calculating the
integral indices of moisture, climate continentality, and agroclimatic potential.

In general, the obtained results of the assessment of humidification of the
territory of the farm Mirny Kochenevsky district 2019 and 2020 characterize
a significant variability of agroclimatic conditions for the cultivation of grain
crops. Uneven distribution of the main environmental factors of heat and mois-
ture during the growing season of crops has a significant impact on the value
of agroclimatic potential.
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