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Abstract— The results of the analysis and prediction of
climatic changes in the empirical time series of precipitation
regimes and air temperature regime of the initial observations
of meteorological stations located in the territory of the
Kabardino-Balkarian Republic for the period 1955-2017 are
presented. Estimates of random errors and statistical
significance  of  distribution parameters, homogeneity
(according to the criteria of Dixon and Smirnov-Grubbs) and
stability (according to Student's and Fisher's criteria) during
the time trends of integral empirical distributions of
meteorological characteristics are obtained. Using the values
of the yield of selected crops for the 30 years period, a
computer adaptive fuzzy-logical model of the dependence of
crop yield on changes in natural factors has been developed. By
setting the predicted values of the climatic characteristics in
the computer model, we obtain the possible values of the yield
for the next agricultural year. In case of unsatisfactory yield
values, we determine the analogue-year from previous years in
accordance with the next year and develop recommendations
for making management decisions.
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I. INTRODUCTION

The program "Digital Agriculture” provides for the
development of information systems for processing data of
agro-climatic resources and the transfer of effective
information  on  broadband high-speed Internet
communications to the agricultural producer.

Agricultural producers are at risk in the loss of invested
financial and other funds in the cultivation of crops due to
climatic cataclysms and anthropogenic processes in the
territory. The climatic features of the Kabardino-Balkarian
Republic are very changeable, often passing hail streaks that
cover several localities. They kill poultry, and sometimes
cattle are killed. Due to long torrential rains flooding of
houses and agricultural land in villages occurs. Every year,
hundreds of hectares of crops are damaged by hail, floods
and other natural disasters.
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The Kabardino-Balkarian Republican Center for
Hydrometeorology and Environmental Monitoring has
accumulated a large amount of data of long-term
observations of climatic characteristics from all
meteorological stations operating in the territories of the
Kabardino-Balkarian Republic. A computer database has
been created since 1955 with daily average, decade, monthly
and annual values of meteorological parameters of
precipitation, temperature of air and soil, air humidity and
wind speed. The head office of the Russian Emergencies
Ministry for the Kabardino-Balkarian Republic has collected
data on the existing anthropogenic processes and natural
disasters on the territory of the CBD since 1955. Registered
data of climatic variations on the territory of the republic
were observed, Hurricanes, hailstorms, heavy rains, floods,
sharp drops in atmospheric pressure and air temperature,
melting glaciers, floods, avalanches, mudslides and
landslides. Often take place the Ministry of Agriculture of
the Kabardino-Balkarian Republic has data on the yields of
all agricultural crops sown on the territory of the republic for
the last 30 years, by farms of all categories, districts and
average for the region. [4, 5, 6]

The aim of the work is to develop methods to minimize
the risk of damage to reduce agricultural production.

Il. MATERIALS AND METHODS OF RESEARCH
To achieve this goal the following tasks were solved:

e analysis of climatic characteristics for the period
1955-2017; [2, 3]

e  assessment of the homogeneity of integral empirical
distributions according to the statistical criteria of Dixon and
Smirnov-Grubbs we determine the sharply deviating
extremes of the series, indicating possible anomalous
processes; [10, 12, 13]

e development of a mathematical model for
describing the dynamics of climatic characteristics and
predicting their significance for the coming years;

e determination of years-analogues by predictive
values for determining possible anomalies;
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o  development of an adaptive fuzzy-logical model of
changes in crop yields, depending on the dynamics of natural
factors;

e setting the predicted wvalues of climatic
characteristics, we determine the possible values of crop
yields for the next agricultural year.

Development of recommendations for  making
management decisions for the upcoming agricultural year.

I1l. RESULTS OF RESEARCH

To analyze the dynamics of changes in climatic
characteristics of the precipitation regime and the
temperature regime of air and soil, we calculate the values of
the main parameters (average value, dispersion, maximum
and minimum, as well as asymmetry and kurtosis) and
present them in tabular form by climatic seasons and zones.

TABLE I. PHYSICAL AND STATISTICAL CHARACTERISTICS OF THE
TIME SERIES OF SEASONAL VALUES OF METEOROLOGICAL PARAMETERS
ACCORDING TO MS NALCHIK FOR THE PERIOD 1955-2017.
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From table 1 it can be seen that for the average monthly
air temperature during the winter period is cool and the
dispersion around the average value is higher than in other
seasons. In addition to the summer season, the asymmetry
takes negative values. The autocorrelation coefficient takes a
fairly large value and almost the same values with minor
deviations during all seasons, which indicates the presence of
a trend of the studied series. Autumn is warmer than spring.
And the average air temperature for the year is
approximately equal to spring. The largest deviation of the
meteorological parameter values from the average is [-
4.820C; 3.040C].

The greatest amount of precipitation is observed in the
summer period, and the value of the variance indicates a
large scatter of data relative to the average. The asymmetry
coefficient takes positive values, and the autocorrelation
coefficient is close to 1 and indicates the presence of a trend.
The spread of data for all seasons is quite large, which
indicates the instability of values.

We will analyze the dynamics of climate change for the
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Fig. 1. Dynamics of changes in precipitation and air temperature
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From Fig. 1 it can be seen that precipitation and air
temperature increase with the trend. We define the adequacy
of the time series of meteorological characteristics by
evaluating the homogeneity of the integral empirical
distributions according to the statistical criteria of Dixon and
Smirnov-Grubbs. At the first stage, we rank the rows in
ascending order of the sample and calculate the main
parameters (mean, variance, asymmetry and autocorrelation)
with the corresponding estimates of their random errors and
statistics of the Dixon and Smirnov-Grubbs criteria. The
second stage is based on the assessment of homogeneity by
criteria, which consists of comparing the calculated value of
the statistics of the criterion obtained from empirical data
with its critical value from the tables at a significance level
[1=0,05, sample size n=62, autocorrelation coefficients [r
(1)] and asymmetries (Cs), which are listed in Table 1. As a
result, the null hypothesis of homogeneity can be accepted if
the calculated statistics value is less than the corresponding
critical value. [1, 10, 11, 12, 13, 14]. The calculated
statistics values are less than the corresponding critical. This
means the absence of sharp deviations for the entire period of
lead, i.e. the decrease and increase from year to year occurs
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smoothly without sudden emissions. For the constructed time
series of autumn air temperature, the calculated Dixon
statistics are D3_1=0,242;D4 1=0,245;D5 1=0,221,, which
is higher than the critical values, and this indicates the need
for additional research using Student’s and Fisher’s criteria.
[7,8,9,10, 11, 12]

From Fig. 1 it can be seen that in 1981 there is an
increase in air temperature by 3.30C, and in 1993 a decrease
by 3.80C relative to the climatic norm and the previous year.
Precipitation in 1995 increased by 263 mm compared with
1994 and by 198 mm relative to the climatic norm. Perhaps
during these years there were natural disasters. If the
predicted values of climatic characteristics for the next year
show the same picture, then we need to use the Student and
Fisher criteria and proceed to the analysis of decadal or daily
values, dividing the interval into parts.

By their nature, climatic characteristics are considered
cyclical with a certain periodicity and to build a
mathematical model describing the process from the source
data we build a phase portrait to determine the values of the
periods:

TABLE Il FREQUENCIES OF PRECIPITATION CONTAINED IN TIME SERIES
Seasons Periods
T1 T2 Ts Ta Ts Te T7 Ts To T1o Tu T2
Winter 25 3,8 21 55 4,2 2,8 2 3,6 2,5 2 2,5
Spring 3,7 2,7 41 33 2,1 2,2 31 33 38 2 2,2
Summer 2,2 6,7 2 31 4 6,4 3,6 2,1 2,7 2,2 49 3,2
Autumn 2,2 34 31 1,7 35 19 29 37 34 3,6 48 25

It is assumed that the model describing the climatic
characteristics consists of three components: natural-
anthropogenic processes, hatural processes, and natural-
random processes. [2, 3,5, 6, 7, 8, 9, 15]:

N

2mx . 2mx :
v =apx+ f;+ Z (a’i Cos T + £ SIHT) + R,v'[.%:p

i=1 ' ‘

After testing the developed model, we obtain the
predicted values for the coming years.

The next step is analyzing the values of crop yields for
the study period.

hen we build a fuzzy-logical model of the dependence
ielf-on changes in natural factors.
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Fig. 2. A fuzzy-logical model of the dependence of the yield of winter wheat on changes in seasonal precipitation and air temperature.

Fig. 2 shows the control model, where you can set the
predicted values of climatic characteristics (yellow) for the
next year (vertical red bars) and get the crop yield values
(blue) in the future. If the resulting value does not satisfy the
user, then you need to find out the reasons for such a low
yield. To do this, according to the estimates of Dixon and

Smirnov-Grubbs, we find an analogue-year from previous
years and determine the possibility of abnormal processes for
making management decisions. You can use crops with a
short growing season and sow them before or after the
anomaly. [five]
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IV. CONCLUSIONS

According to the results of research, recommendations

are being developed to minimize the risk of reducing the
production of agricultural products.

This project is an information system that, according to

the databases of climatic characteristics and crop yields for
the study period, the agricultural producer will draw up a
business plan for crop rotation for the upcoming agricultural
year with maximum profit. This is one of the aspects of
digitalization of agriculture.

[1]

[2]

(3]

(4]

(5]

(6]

REFERENCES

A.V. Arguchintsev, “Methods of statistical processing and analysis of
hydrometeorological observations,” Irkutsk: Irkutsk State University,
105p., 2007.

B.A. Ashabokov, R.M. Bischokov, D.V. Derkach, “Studies of
precipitation in the central part of the North Caucasus,” Meteorology
and Hydrology, No. 2, pp. 98-102, 2008.

B.A. Ashabokov, R.M. Bischokov, B.Kh. Zherukov, H.M. Calov,
“Analysis and forecast of climatic changes in the precipitation regime
and air temperature in various climatic zones of the North Caucasus,”
Nalchik: Rosgidrometizdat, 182 p., 2008.

R.M. Bischokov, A.A. Adzhieva, S.R. Thaytsuhova, “Application of
fuzzy logic for risk analysis in the agricultural sector,” Bulletin of the
Kurgan State Agricultural Academy, No. 3 (11), 2014.

R.M. Bischokov, A.A. Adzhieva, R.H.Kudaev, F.H. Tukova, S.R.
Thaytsuhova, “Methods of minimizing the risk of reducing
agricultural production, Nalchik: Kabardino-Balkarsky State Agrarian
University, monograph, 290 p., 2014.

R.M. Bischokov, M.M. Akhmatov, A.R. Bischok, “Statistical
estimation of annual precipitation in the foothill zone of the

(7]

(8]

(9]

[10]

[11]
(12]

[13]

[14]

[15]

Advances in Intelligent Systems Research, volume 167

Kabardino-Balkarian Republic,” Bulletin of the Kurgan State
Agricultural Academy, No. 2 (22), pp. 76-80, 2017.

R.M. Bischokov, “Forecasting of changes in the mode of precipitation
in the North Caucasus,” Bulletin of the Kurgan State Agricultural
Academy, No. 1 (25), 2018.

R.M. Bischokov, “Analysis of the spectral structure of the time series
of meteorological parameters of precipitation regime in the foothill
and steppe zones of the central part of the North Caucasus.
Proceedings of the international scientific-practical conference
dedicated to the 75th anniversary of the Kurgan region "Ways to
implement the Federal Scientific and Technical Program for the
Development of Agriculture for 2017-2025". 2018. pp. 1304-1311.

R. M. Bischokov, “Prediction of changes in precipitation regime in
the North Caucasus,” Bulletin of the Kurgan State Agricultural
Academy, Ne. 1 (25). pp. 14-17, 2018.

V. S. Druzhinin, and A. V. Sikan, “Methods of statistical processing
of hydrometeorological information. Tutoria,”l. /V.S. Druzhinin, A.V.
Sikan - SPh.: ed. RSHU. 2001. - 168 s.

A. A. Isaev, “Statistics in meteorology and climatology,” - M.:
Publishing House of Moscow State University, p. 248, 1988.

V.A. Lobanov, ILA. Smirnov, and A.E. Shadursky “Workshop on
climatology. Part 1. Tutorial,” , SPb..RSHU, p. 145. 2011.

V. N. Malinin, “Statistical methods for  analyzing
hydrometeorological information,” Textbook. - SPb .. RGGMU, p.
408, 2008.

P. Chernysheva, and V.A. Platonov “Calculation and interpretation
of the main climatic indicators of individual meteorological variables.
Uch.method.posobie,” Vladivostok: Publishing House Dal'nevost.
University, p. 88, 2009.

E.N. Yakovlev, N.N. Yashalova, D.A. Ruban, and V.S. Vasiltsov.
“Methodical approaches to the assessment of natural and
environmental risks for the sustainable development of the state,”
Scientific notes of the RSUHU 2018, No. 52, p. 120-137

404





