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OF THE DEVELOPMENT POTENTIAL OF PLANT
PRODUCTION IN THE MUNICIPAL DISTRICT

Ya.M. Ivanyo, S.A. Petrova

Abstract

The work examines a comprehensive assessment of the variability of natu-
ral-climatic and production-economic characteristics to determine the potential for
the development of crop production in a municipal district. This approach allows
optimizing the resources of agricultural producers, improving forecasts, plans and
increasing labor productivity. The goal of the work is to analyze the variability of
climatic factors and production-economic characteristics to assess the potential for
agricultural development in the municipal district. The scientific novelty of the study
is associated with a comprehensive assessment of climatic and production-eco-
nomic characteristics using mathematical modeling for forecasting and planning
production for a long-term perspective, taking into account various conditions of
the agricultural producer’s activities. To achieve this goal, long-term changes in
precipitation and temperatures for each month of the growing season were ana-
lyzed. The influence of these factors on crop yields was determined and the most
significant of them were identified. Multi-level trends were highlighted in the series
of bioproductivity of grain crops, vegetables and potatoes. Crop yield losses were
determined. Based on a parametric programming problem with probabilistic charac-
teristics, plans for obtaining volumes of the main types of agricultural products until
2026 were built. At the same time, predictive and stochastic values of crop yields
were previously determined. Solutions to the extreme problem were obtained for
average, favorable and unfavorable conditions of activity of agricultural producers.
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The methodology for a comprehensive assessment of the potential for agricultural
development is applicable to enterprises, municipal and agricultural landscape areas.
In the article, the methodology was tested for the Irkutsk district.
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tion; trend; yield; probability; optimization; municipal district
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Hayunast ctatbst

KOMIIVIEKCHAS ONEHKA
IHOTEHHUAJIA PABBUTHUA PACTEHUEBO/JICTBA
MYHUIIUITAJTTBHOT'O PAMOHA

AM. Heanvo, C.A. Ilemposa

Annomauusn

B pabore paccMoTpeHa KOMIUIEKCHAsI OI[EHKa M3MEHYMBOCTH TPUPOIHO-KIIU-
MaTHYECKUX U MPOHM3BOJICTBEHHO-IYKOHOMHUYECKUX XapaKTEePUCTUK ISl OIpejie-
JICHUS TTOTEHIMAaJIa Pa3BUTHs PACTCHUEBOACTBA MYHHUIIUIIAIBHOTO paiioHa. Takoi
MOZIXO/ MO3BOJISIET ONTUMH3HPOBATH PECYPCHI CEIBCKOX03SICTBEHHOTO TOBAPO-
IIPOM3BOMTEIIS, YITyUIliasi POTHO3BI, IUIAHBI M YBEINYNBAst IPOU3BOAUTEIBHOCTD
Tpyna. Llenpio paboThl SBISETCS aHAIM3 U3MEHUYMBOCTH KIMMATHYECKHX (HAKTO-
POB U NMPOU3BOJICTBEHHO-9KOHOMHUYECKHUX XapaKTEPUCTUK JJISi OLEHKH MOTEHIIH-
ajia Pa3BHUTHS CEIBCKOTO XO3SHCTBAa HA TEPPUTOPUH MYHMIUIAIBHOTO paioHa.
Hayunasi HOBH3Ha HCCIIeIOBaHHS CBsI3aHA C KOMIUIEKCHOW OIEHKOM KIMMaTHye-
CKHUX M MPOU3BOJICTBEHHO-3KOHOMUYECKHUX XapaKTEPUCTHK C IIOMOILBIO MaTeMaTH-
YEeCKOr0 MOJEIMPOBAHUS I IPOTHO3UPOBAHMS U IUIAHUPOBAHUS NPOTYKLUH HA
MHOTOJIETHIOIO MEPCIIEKTHBY C YUETOM PA3IMYHBIX YCIOBUH AEATEIBHOCTH CEJb-
CKOXO3H{CTBEHHOT'O TOBAPOIPOU3BOANTENS. [IJIsl TOCTHIKEHHSI [TOCTABICHHOM LeITH
MpoaHAJIM3UPOBaHbI MHOTOJIETHUC U3MCHCHUA OCAaJIKOB U TCMIICPATyp 3a Ka)l()lbll\/ll
MeCSIII BETeTalMOHHOTO nepuona. OnpeaeneHo BIHSIHIE dTHX (HAKTOPOB HA ypo-
JKAMHOCTb CEJIbCKOXO3SHCTBEHHBIX KYJIBTYp U BBISBICHBI HauOoJee 3HaYMMbIe U3
HUX. BbIzieneHb MHOTOYpOBHEBBIE TPEHIBI B PsiiaX OMOIIPOAYKTUBHOCTH 36PHOBBIX
KyJBTYyp, OBOIICH U Kaprodens. OnpeaeneHbl MOTepH yPOKAMHOCTH CEIIbCKOX0-
3s1CTBEHHBIX Ky/IbTYyp. Ha ocHOBE 3a/1auy mapaMeTpudecKoro mporpaMMUpOBaHUS
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C BEPOATHOCTHBIMHU XapaKTEPUCTHKAMH MOCTPOCHBI IIAHBI ITOMYYeHHsS 00BEMOB
OCHOBHBIX BHJIOB CEJIbCKOXO3AUCTBEHHOW mpoayKiuu 10 2026 rona ¢ npeasapu-
TEJIBHOW MPOTHOCTHYECKON M CTOXaCTMYECKOHM OIEHKOW ypOsKaHOCTH KYNIBTYP.
Pemenus sKkcTpeManbHON 3a1a4d MMOTYYEHBI ISl YCPEAHEHHBIX, OarompHsTHBIX
1 HeOJIarONPHUATHBIX YCIOBUN AEATEIILHOCTH CEJIbCKOX035HCTBEHHBIX TOBAPOIIPO-
u3BoauTeNne. MeToanka KOMIUIEKCHOM OLIEHKM MOTEHIMAa Pa3BUTHUS CEIbCKOTIO
XO3SIHCTBA MPUMEHUMA JUIS TPEANPUSITHH, MyHUIINIATBHBIX U arpojaHamadTHBIX
paiionoB. B pabore ona anpo6uposana s UpkyTckoro paiioHa.

KiroueBble ¢j10Ba: KOMIUIEKCHAs OIICHKA; METEOPOJIOrHYECKUE (DaKTOPbI; PACTCHHU-
€BOJICTBO; TPEH/I; YPOXKAWHOCTD; BEPOSITHOCT; ONTHMHU3AIINS; MyHUIUITIAIBHBIA PalioH

Jast uutupoBanus. Msanvo, . M., & Ilerposa, C. A. (2025). Kommiexc-
Has OIIEHKAa MOTEHIMala pa3BUTHsI pAaCTEHUEBOJCTBA MYHUILIUIIAJBLHOIO paiioHa.
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org/10.12731/2658-6649-2025-17-2-1119

Introduction

The economy of the country and regions, including agriculture, is being
transformed at a rapid pace due to the development of new technologies and
their widespread dissemination. The digital transformation of production pro-
cesses plays a significant role in this evolution [8; 18; 29]. One of the key ad-
vantages of digital transformation is the possibility to collect and to process
data related to agricultural production and to use this information in order to
increase the efficiency of agriculture.

Much attention must be paid to climate change [14; 16; 21; 22; 25]. The
factors of these changes influence the location of agricultural sectors [2], crop
yields, volumes and quality of produced goods in different regions of the coun-
try and the world [5; 9; 10]. At the same time, variability in temperatures and
precipitation in different eras can have different effects on crop yields [15].

As crop production plays an important role for national economy and food
security [28; 29], ability to evaluate and to forecast impact of various factors
(technological, geographical, climatic etc.) on productivity is crucial for effi-
cient agricultural management.

Goal of the research. The purpose of the article is to consider the variability
of climatic factors and production and economic characteristics to assess the
possibility of agricultural development in the municipal district. To achieve the
goal, the following tasks were solved:

- assessment of the variability of long-term air temperatures and precipita-
tion during the growing season;
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- the influence of meteorological factors on the productivity of agricultural crops;

- identification of significant multi-level trends in the bioproductivity of
agricultural crops and assessment of probable yield losses;

- determination of optimal plans for the development of agricultural produc-
ers in the municipal district by increasing production volumes.

In essence, the solution to the set tasks is a method for a comprehensive
assessment of the possibility of developing agriculture in a certain territory, for
example, a municipal district.

Materials and methods

To determine the variability of meteorological factors, data on daily air tem-
peratures and precipitation during the growing season in Irkutsk for 1996-2023
according to the Federal State Budgetary Institution “Irkutsk HMSD” were used.

When constructing the dependence of bioproductivity on meteorological
factors, data on the yield of grain crops, potatoes, and vegetable crops of the
Irkutskstat department for 1996-2023 in the Irkutsk district were involved. Sta-
tistical analysis of data and optimization of production volumes concerned all
categories of farms.

To determine the characteristics of the parametric programming model, ac-
counting reports of agricultural organizations were analyzed.

When constructing multi-level trends and multi-factor models, regression
analysis was used. The determination of multi-level trends was based on the
preliminary selection of local minima and maxima from time series [3].

Parametric programming methods under conditions of uncertainty were
used to plan crop production volumes.

Results and discussion

Meteorological conditions greatly influence agricultural production even
for stable producers. This was confirmed by the drought of 2015, which was
observed in 14 municipal districts of the Irkutsk region. Agricultural organiza-
tions and peasant farms suffered significant losses in 2019, in which there was
a catastrophic rain flood in the Iya River basin.

Research into the state of agriculture and modeling of its development must
be carried out taking into account a complex of various factors: climatic, envi-
ronmental, production and economic, social and others.

Let us consider the potential for the development of agriculture, or rather
crop production, using the example of the Irkutsk district. To do this, it is pro-
posed to analyze the variability of climate characteristics, assess trends in crop
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yields, identify the impact of meteorological factors on bioproductivity, forecast
crop yields in the medium term, calculate probable losses in crop yields, and
build optimal plans for production volumes.

In the development of works [5; 6], time series of average air temperatures
and daily precipitation amounts for each month of the warm season (May — Au-
gust) and the entire period were analyzed. Fig. 1 and 2 show the trends of av-
erage air temperature 7°C and precipitation amounts for May—August Z. Based
on the results obtained, the trends for these characteristics are insignificant. The
coefficient of determination for the trend of average air temperatures was 0.067,
and for precipitation amounts almost 0.

Similar conclusions can be made by identifying the trend for the series of heat
and humidity characteristics for each month of the specified season. In other words,
there are no trends in the series of precipitation amounts and air temperatures during
the warm period of the year. At the same time, no significant first autocorrelation
coefficients were found in the series of meteorological characteristics.
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Figure 1. Changes in average air temperature
for May — August according to Irkutsk data for 19962021

When determining trends of three levels (middle, lower and upper), the
method of identifying local minima and maxima [3], criteria for assessing the
significance of regression expressions (coefficient of determination R?, Fisher’s
F-criterion, its significance level a, Student’s #-statistics), as well as different
functions, of which the most acceptable are logistic, linear and power functions,
were used (Table 1).
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Figure 2. Changes in precipitation amounts
for May — August according to data
Irkutsk for 19962021

Table 1.
Multi-level trends in agricultural yields and their statistical estimates
based on data from the Irkutsk district for 1997-2023

' : il : B
Series levels Equation R’ Fisher’s c:rigg 1lev- Smd§nt. s bNeI;H;f
F-test t-statistic
el,a events
Wheat yield
Average (AL) | y=24.6/(1+e"%%) | 0.53 | 27.4 2.63x10° -5.23 2
Lower (LL) y=17.6/(1+e"%) | 0.64 | 11.0 0.0210 -3.32
Upper (UL) | y=24.6/(1+te*!*") | 0.64 | 10.9 0.0216 -3.29
Oat yield
Average (AL) | y=20.4/(1+e*") | 0.54 | 272 0.0000311 -5.22 5
Lower (LL) | y=16.8/(1+e"3%) | 0.53 6.8 0.0479 -2.61
Upper (UL) | y=20.4/(1+e""%) | 0.63 11.9 0.0138 -3.44
Cabbage yield
Average (AL) | y=7.54t+170.9 | 0.61 | 35.9 |0.00000413 5.99 5
Lower (LL) y=7.11t+147.0 | 0.68 | 13.0 0.0113 3.60
Upper (UL) y=9.42t+170.7 | 0.69 | 11.35 0.0199 3.37
Beet yield
Average (AL) y=119.3¢*17 0.50 | 23.1 7.45%10 4.81 5
Lower (LL) y=108.1"'% 0.53 7.0 0.038 2.65
Upper (UL) y=126.2{"" 0.65 9.2 0.0288 3.03
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For the given expressions, the relative errors of each level are determined.
In addition to the average values, the maximum values corresponding to rare
events were calculated. The calculated errors of multilevel trend models are
shown in Table 2. For all crop yields, approximately the same results were ob-
tained. Oat yield has the greatest errors.

It should be noted that the yield series for barley and potatoes turned out to
be random. For the first crop, the average value was 16.3 c/ha, the coefficients
of variation and asymmetry were 0.085 and -0.32. Similar statistical parameters
for potatoes correspond to 158.2 c/ha, 0.085 and 0.11.

The average values of local minima are equal to 12.6 and 149.7 c/ha for bar-
ley and potato yields. According to [7], the probability of losses associated with
events, the number of which is given in the last column, can be defined as the dif-
ference between the actual values and the levels of the sequence of local minima
corresponding to negative numbers. The smallest of them represent the most sig-
nificant losses Aymin. Losses can also be considered in comparison with the trend
of the entire series Ayc, which characterizes the average conditions of activity of
an agricultural producer (Table 3). The calculated maximum losses correspond
to the probability p . . Grain yields obtained in the dry year of 2015 were rare.

Table 2.
Relative errors of multi-level trend models shown in table 1

Relative average error Relative maximum error
Culture of the model, % of the model, %

AL LL UL UL LL

Wheat 9.5 7.4 9.3 17.8 51.3

Oat 15.2 11.1 14.0 31.9 79.4

Cabbage 12 9.2 7.0 18.1 33.2

Beet 11.5 6.4 7.4 19.3 24.2

Table 3.
Probabilistic assessment of agricultural yield losses crops according
to data from the Irkutsk district for 1997-2023

Culture Do Year |y ,c/ha| Year )c/ ﬁ;ﬂa’ Zgﬁg’ é%ca’l
Wheat 0.00872 | 2015 11.1 2001 10.7 -44 -8.3
Oat 0.0138 | 2015 8.8 2003 7.9 -6.8 -8.9
Cabbage 0.0165 | 2013 201.1 1998 180.2 -66.7 -98.1
Beet 0.0213 | 2011 137.3 1998 114.9 -33.2 -54.5
Barley 0.0131 | 2015 6.7 2015 6.7 -5.9 -9.6
Potato 0.0428 | 1998 135.4 1998 135.4 -14.3 -22.8
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Let us analyze the influence of air temperatures and precipitation amounts
on the yield of grain crops. Many authors, in search of significant factors af-
fecting crop yield, propose different options for obtaining a significant factor
model [4; 13; 19; 20].

In addition to this, attention should be paid to the technological and agro-
ecological aspects of harvesting [12, 17]. The results of correlation analysis
show that meteorological factors have the greatest influence on wheat yield.
Moreover, these factors manifest themselves best in May, at the initial stage
of vegetation. This confirms the conclusions presented in the work [6]. Of the
possible options, two are highlighted:

y=a,%a T+aZ (t€S) (1)

yza,ta T +ay, )

where a » 4, @,are the free term and coefficients of expressions, 7, Z are aver-
age air temperature and total precipitation for May; S is the number of years.

The coefficient of determination of the first expression is 0.43, which is
lower than the required value of 0.50. However, it is necessary to keep in mind
the significant positive relationship between precipitation (R = 0.41) and wheat
yield, as well as the negative significant relationship between air temperature
(R =-0.58) and the outcome variable.

As for the second dependence, in which the factors are air temperature and
time, it is significant. The determination coefficient is 0.53, Fisher’s F-criteri-
on is 12.2 with a significance level of 0.00027, and Student’s t-statistics corre-
spond to -2.8 and 3.0.

The identified properties of the characteristics are applicable to optimize
the production volumes for planning. Time series characteristics described by
significant multi-level trends can be forecasted. Stochastic characteristics are
estimated by probabilities. This applies to events that affect the loss of agricul-
tural products. Hence, to build a model for optimizing production of products
with a criterion in the form of maximum revenue, a parametric programming
problem with probabilistic characteristics is used [1]. In addition, such tasks
take into account expert assessments [23; 24] and risks [26]. Table 4 shows
optimal solutions to the parametric programming problem with probabilistic
values of barley and potato yields.

In this problem, the probability p of the average value of the potato yield
series is 0.505, and the probabilities of the average of local minima and max-
imums correspond to 0.267 and 0.250. For barley yield, similar probabilities
are 0.477, 0.174 and 0.236.

According to the results obtained for the average operating conditions of
an agricultural commodity producer, which correspond to trends in agricultural
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yields of complete time series and average sample values, revenue from the pro-
duction of the agricultural crops in question can increase from 1.710 to 1.822 mil-
lion rubles for 2024 —2026. An increase in revenue for this period is achievable by
6.6 %, and production volumes by 6.1 %. For unfavorable conditions, production
growth rates are slightly lower. Revenue could increase by almost 6.0 %, and pro-
duction volumes by 6.4 %. At the same time, losses in comparison with average
values amount annually to about 8.0 % in monetary terms and 6.6 % in volume.
Favorable developments make it possible to obtain an additional annual increase
of slightly more than 8.5 % of production and increase revenue by almost 8.9 %
in comparison with the values obtained under average conditions.

Table 4.
Optimal solutions to the parametric programming problem with probabilistic
characteristics according to data from the Irkutsk district for 1997-2023

Objective
Year | Characteristics Wheat, | Barley, | Oats, |Potatoes,|Cabbage,| Beet- function, mil-
X X X X X root, x .
/ 2 3 4 5 6| lion rubles.

Average level
Volume, t 7938.7 |13510.5 | 2891.3 | 57268.7 | 9330.5 |2848.3 1709.72

2024 Yleldtfﬁgecm’ 215 | 182 | 192 | 1559 | 3822 | 214

Volume, t 8172.8 [3580,7 12993.5 | 58414.1 | 9989.2 [3152.2 1764.77

2025 Yleldtﬁ‘fcm’ 217 | 1.82 | 193 | 1559 | 3897 | 21.53

Volume, t 8413.0 |3652.3 | 3099.3 | 59582.4 | 10693.2 | 3488.4 182245

2026 Yleldtfﬁ;eca“’ 219 | 182 | 194 | 1559 | 39.73 | 21.66

Lower level
Volume, t 6424.8 |2430.3 | 2469.6 | 54991.2 | 8446.7 |2520.9 1598.48

2024 Yleldtﬁ‘;;eca“’ 174 | 126 | 164 | 1497 | 3460 | 189

Volume, t 6553.3 |2478.9 | 2543.7 | 56091.0 | 9051.1 |2789.1 1648.22

2025 Yleldtf}‘:;ecm’ 174 | 126 | 164 | 1497 | 3531 | 19.05

Volume, t 6722.8 |2528.5 |2636.0 | 57212.9 | 9694.7 |3085.7 1701.03

2026 Yleldtz‘i;eca“’ 175 | 126 | 165 | 1497 | 3602 | 19.16

Upper level
Volume, t 8898.7 [3684.0 [ 3026.8 | 61383.0 | 10607.2 | 3311.5 1860.64

2024 Yleldt/fﬁ;eca“’ 241 | 191 | 201 | 1671 | 4345 | 2488

Volume, t 9114.3 |3757.7|3133.1 | 62610.6 | 11381.1 | 3669.0 1919.35

2025 Y‘e‘dtz‘i;eca“’ 242 | 191 | 202 | 1671 | 444 | 2506

Volume, t 9296.6 | 3832.9 | 3227.1 | 63862.9 | 12203.2 | 4063.3 1984.86

2026 Yieldtﬁ‘igeca“’ 242 | 191 | 202 | 1671 | 4534 | 2523
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The results obtained allow us to conclude that the Irkutsk district has high
potential for agricultural development. However, it is necessary to take into ac-
count the likely yield losses due to the frequent occurrence of extreme events,
among which drought stands out.

It is obvious that each category of agricultural producers has different de-
velopment dynamics [26]. In particular, peasant (farm) enterprises in a number
of areas of production are developing somewhat faster than agricultural orga-
nizations.

Therefore, in addition to analyzing and assessing the potential of all cate-
gories of farms, it is necessary to consider the characteristics of the activities
of different commodity producers.

Particular attention should be paid to crisis phenomena that have a signifi-
cant impact on the development of agriculture [11].

Therefore, planning the activities of agricultural producers in favorable,
average and unfavorable conditions must be supplemented by an assess-
ment of the situation with unfavorable rare events that can significantly
slow down the development process [27]. Moreover, this is not so much
about prediction as about the readiness of the producer to overcome crisis
phenomena.

Conclusion

A comprehensive study of the state and development potential of agricul-
tural producers was carried out using the example of the Irkutsk district. The
variability of air temperatures and precipitation amounts by month of the warm
season over a long-term period was determined. The absence of trends in the se-
ries of meteorological characteristics in the 21st century is shown. A significant
relationship between wheat yields and average air temperatures and precipita-
tion amounts for May was identified. A significant factor dependence of wheat
bioproductivity on average air temperatures for May and time was constructed.
Multilevel trends for the yield series of wheat, oats, cabbage and beets were
identified. Probability distribution laws for the bioproductivity of potatoes and
barley were constructed. The problem of parametric programming with prob-
abilistic characteristics with the definition of optimal plans for production vol-
umes of the main grain and vegetable crops was solved. This made it possible
to assess the potential for crop production development in the Irkutsk district.

Sponsorship information. This work was supported by the Russian Science
Foundation grant No. 24-21-00502.
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