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The object of this study is a model of balanced agricultural development to ensure food security in conditions of technogenic stress.
This issue is relevant for many countries, which is increasing its food exports to the world market while actively developing industrial
production. Technogenic pressure on agricultural land not only negatively affects production volumes, but also product quality,
environmental purity and consumer safety.

The proposed approach to forming a model of balanced food security development in conditions of technogenic load allows fa-
cilitates the use of strategic components of industrial and agricultural production, thereby enabling the achievement of an optimal
balance of development. In this work, the optimal balance is defined as a balance in which the level of influence of new technologies
is simultaneously increasing. This approach will also allow for the adjustment of the growth of technological influence on food security.
Consequently, the proposed approach will enhance the impact of anthropogenic load on agricultural land and reduce anthropogenic
pollution of agricultural land.

As a result of the work, a model of balanced food security development was created for three regions of Kazakhstan — Akmola,
Kostanay and North Kazakhstan. To this end, aggregated large-scale coefficients for wheat grain and livestock meat were introduced
into the Technological Development model. These products are essential for ensuring food security within the boundaries of the regions
under study and for Kazakhstan as a whole. According to the criteria studied, the indicators for the Kostanay and North Kazakhstan
regions are approximately the same, at 78.1 and 78.3, respectively. This allows for the large-scale cultivation of agricultural products
that are safe for human consumption. For the Akmola region, the indicator is 24.7. This indicator is not critical, but it highlights the
need to change production technologies both in agriculture in this region and in industrial production.

The proposed approach can be used to analyse the balanced development of regions with the aim of intensifying food production.
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1. Introduction

Despite advances in technology, modern society is still concerned
about food security issues. Achieving and maintaining food security
is an important goal of sustainable development [1]. The development
of industrial potential related to food production, including the use
of various modern food reproduction technologies, does not solve the
problem [2]. It also creates an additional man-made pressure on agri-
cultural land [1]. Global warming and the additional negative trends
caused by this phenomenon affect crop yields [3].

Food security is becoming an increasingly serious problem due to man-
made conflicts, climate change and economic downturns. Forecasting food
security is essential to ensuring sustainable development for individual
countries and the global community as a whole. Expert and consensus
approaches and surveys are currently used to measure the actual state

of food security. Both require significant resources, time and budget [4].
This exacerbates food security issues in various countries around the world.

The Republic of Kazakhstan has significant agricultural resources,
which allows it to export food products to other countries around the
world [5]. At the same time, the government is concerned about the
introduction of ‘green” economy technologies that would ensure food
security with high-quality food products [6]. However, this requires the
development of a balanced development model that would allow for the
rational development of various areas of agriculture. In addition, the
factor of anthropogenic pressure, which has grown stronger due to ac-
tive industrial development, urbanization and changing climatic factors,
creates significant challenges for food security. The impact of anthro-
pogenic factors on agroecosystems, soil degradation, water pollution,
and changes in the biological composition of agricultural crops require
a comprehensive approach to ensuring sustainable food security [7].
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The relevance of making a model for balanced food security devel-
opment when theres human pressure on farmland comes from the need
to bring together different management ideas into the food resource
management system.

The study [8] notes that the agro-industrial complex of the Repub-
lic of Kazakhstan has all the advantages and opportunities to become
a new driver of economic development. The article examines the state
of household farms and provides statistical data on the main indicators
of the dynamics and structure of livestock production. Also, under con-
sideration, livestock and poultry productivity across all categories of farms
in the Republic of Kazakhstan. The role of household production is shown
in comparison with other categories of farms. It is noted that even person-
al household farms play an important role in the country’s agriculture and
make a significant contribution to ensuring the state’s food security. How-
ever, this work does not address the issue of creating a model for balanced
development even within the borders of the Republic of Kazakhstan.

Returning to the research [4] mentioned above, it is important
to note the proposed extreme machine learning model with gradient
boosting for predicting monthly transitions in food security status. How-
ever, in this study, food security modelling is presented through phases
in a 12-month cycle based on key sets of factors. The factors represent
changes in climate and land characteristics, the market, conflict, infra-
structure, demographics, and life support zones. This model is more suit-
able for predicting deterioration rather than sustainable development.

A comprehensive study [9] examines smallholder farms and their
role in ensuring food security. It notes the impact of technology on the
final product and changes in the food security balance. Although the
solution to the problem is considered through the factors of balanced
development, the main emphasis is on the development of technology
without taking into account possible negative impacts.

The study [10] examines the balance of sustainable development
in ensuring food security in Kazakhstan and Azerbaijan. However, the
study does not take into account man-made factors affecting agribusi-
ness and private farms.

In the study [11] food security is assessed through a sociological
survey followed by scenario modelling. However, in this study, the
technogenic load was assessed in terms of food safety and the amount
of nutrients consumed by humans.

The work [12] presents an analysis of food security in the devel-
oped society of the United States. Sustainable development is represent-
ed through the provision of quality food to schoolchildren. Accordingly,
the models presented cannot be applied to other countries with lower
levels of provision for their citizens.

In paper [13] balanced development of food security is considered
through climate change. However, only one agricultural sector is ana-
lyzed - shrimp farming. Climate change has a major impact on the sus-
tainability of this sector. Therefore, without considering other sectors
and influencing factors, it is difficult to talk about an adequate model
of sustainable development.

Study [14] analyses the possibility of using additional natural resources
from wild crops to ensure food security. However, the study does not take
into account the factor of extracting large volumes of plant raw materials
from biocenoses and the emergence of strong anthropogenic pressure.

The work [15] allows to draw a parallel between agribusiness and
food security. The research highlights the need to study the dynamic
and recursive links between access to land, access to food, and the
ability to sustain resources to meet long-term needs for sustainable
development. This study showed the strong influence of manufactur-
ing enterprises on agriculture and land. However, the statistical model
within a single limited society under study is not applicable within the
borders of a state or a number of states.

The analysis allows to summarize the main problem: research
groups in different countries around the world are addressing the issue
of food security within individual societies using a situational approach.

Thus, the aim of research is to develop an approach to forming
a model of balanced food security development in conditions of tech-
nogenic pressure on the agricultural sector. Agriculture is a priority for
ensuring food security. At the same time, the development of produc-
tion and modern technologies is the basis of the country’s economic
security. Creating a balance for the sustainable development of these
areas is a priority task for the study.

To achieve this aim, the following objectives were set:

- to calculate the aggregates and sub-indices necessary for building

the model;

- to create a model for balanced food security development in the

areas under study;

— to present an example of the practical implementation of the pro-

posed approach.

2. Materials and Methods

The object of this research is a model of balanced development of the
agricultural economy to ensure food security in conditions of technogen-
ic stress. Technogenic stress cannot be eliminated in modern industrial
society, but it can be balanced according to the criterion of least harm.

The subject of research is the formation of an approach to building
a food security model in a society where both industrial production
and agriculture are developing intensively. Such an approach allows
for the implementation of multifactorial balanced models. Such models
are easily adapted to the conditions of a particular society or state as a
whole, allow additional factors to be introduced for research, and can
be freely implemented in the form of software.

The methods of analysis and synthesis, grouping, comparison,
and mathematical modelling were selected to conduct the research.
The model is based on the aggregation of “part-whole”. This approach
is based on the work [16], which allows replacing various influencing
factors depending on the analysis situation.

To develop the model, data were collected on the agricultural sector
in the Akmola, Kostanay, and North Kazakhstan regions of the Republic
of Kazakhstan. A preliminary analysis and synthesis of these indicators
was carried out in terms of grain and meat production volumes, do-
mestic consumption and exports. The data was aggregated to form key
environmental indicators. The model is based on the Environmental
Technogenic Oppression (ETO) index.

The input data consists of industry statistics for the Republic of Ka-
zakhstan [17]. The study period is from 2014 to 2024.

The assumptions in this work are limited time intervals associ-
ated with the seasonality of agricultural work. Accordingly, depending
on the season, the balance of resource use (natural, labor, production,
transport) changes.

The research methodology is based on the work [18], taking into
account the recommendations of the United Nations Department
of Sustainable Development [19]. In particular, the study focuses on ex-
amining the costs and benefits of:

— emissions of harmful substances, protection of the atmosphere

from pollution;

— consumption of clean water, storage of water resources and pro-

tection of coastal areas from pollution;

— preservation of biological diversity;

— rational use of land resources;

— effective combating of desertification and droughts, preservation

of forests;

- development of rural areas and sustainability of agriculture;

— environmentally safe use of biotechnology;

— volumes of harmful waste and ensuring the safety of solid waste

and wastewater;

— pollution of the environment with toxic, hazardous and radioac-

tive waste.
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The ETO calculation procedure is based on determining the sub-
indices of the level of anthropogenic impact on the environment (7L)
and the level of anthropogenic pollution of the environment (TP). This
can be represented by the following diagram (Fig. 1).

Ecological Technogenic Oppression Index —
technogenic load on the territory ETO

_ AN

Level of technogenic Level of man-made
load on the pollution of the
environment (TL) environment (TP)

1 1

6 indicators of sustainable 9 indicators of sustainable
development development

Sub-
indices

Fig. 1. Structure of the E70 index

According to Fig. 1, 15 sustainable development indicators can
be used to calculate the ETO. These are based on statistical data. Sub-
indices are determined with the help of expert assessments in various
areas of the economy (Table 1).

To get the ETO index from Table 1, lets calculate the aggregates (e):

—degree of industrialization, aggregate E — average of indicators 1-3;

— degree of environmental hazard from businesses, aggregate D — ave-

rage of indicators 4-6;

— degree of land pollution, aggregate G - indicators 7, 8;

— degree of water source pollution, aggregate V - indicators 9-12;
- degree of atmospheric air pollution, conditional aggregate A, equal
to indicator 13;

— degree of biosphere oppression, aggregate B — arithmetic mean
of indicators 14, 15.

Based on these aggregates, the TL and TP sub-indices are formed

TL:eHEeHD;

TP=e¢"%"e"e". (1)

An index of technogenic oppression of the territory or ecological
technogenic load on the studied territory ETO is also formed

ETO=TL+TP. )

In fact, model (2) already allows balancing various indicators to jus-
tify the necessary changes in the anthropogenic load on the environ-
ment. Based on the ETO value, three degrees of anthropogenic oppres-
sion of the territory can be identified (Table 2).

To build a model of balanced food security development, it is
also necessary to calculate indicators for the economic assessment
of the level of technological development of a given territory. This
can be achieved by using TEchnological Development of the Region
(TEDR).

Only then can it be possible to build a model that reflects the
balanced development of the territory under study. This index is tra-
ditionally formed according to the composite index scheme (Fig. 2).

Table 1
Basic sub-indices for determining the E70 index
No. Indicator name Sub-indices
L TP
1 Level of industrialization + -
2 Level of concentration of industrial enterprises + -
3 Level of solid domestic waste accumulation + -
4 Level of control when using natural resources + -
5 Level of influence of environmentally hazardous facilities + -
6 Degree of technological wear and tear of treatment facilities + -
7 Level of land flooding - +
8 Degree of land degradation - +
9 Water shortage level - +
10 Level of drinking water shortage for agricultural needs - +
11 Level of contamination of return water - +
12 Degree of disruption to the hydrological and hydrochemical condition of rivers - +
13 Level of atmospheric air pollution - +
14 Prerequisites for the intensification of man-made pollution of agricultural land - +
15 Prerequisites for biodiversity decline - +
Table 2

Levels of anthropogenic oppression of the territory

ETO

Features

Acceptable value no more
than 14 - low

The environment is only slightly degraded and has not yet lost its ability to provide food resources, maintain a good quality
of life for the population, and renew itself independently

14-24 — critical value

The environment has changed significantly. There is sufficient resource potential. However, there are signs of a shortage
of water, forest and land resources; a decline in the biological diversity of the territory; and atmospheric pollution

More than 25 - threatening

The environment is unable to provide the population with high-quality food and natural resources, including water, land, air,
forests and meadows, which have high levels of man-made pollution. A loss of biological diversity in the territory has been recorded

@«
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TEDR composite index of technological
development

Table 3

Situational zones of balanced development of food
security under conditions of technogenic load

Assessment The difference between
/ \ of the situation TD and ES values SUTED
IT Technology Adoption Industrial Technology Impact Stable (balanced) 1-22 80 and
Index — TAR Index — TIR more
Conditionally
/ Subindex \ / Subindex \ balanced 23-34 26-79
25 and
Level of ot level of Level of Unstable More than 34 less
general. evel o a;: ive technological innovation
technological N usle ° Us development of implementation If the level of technological development and
development technology (US) industry (DF) (PR) the level of environmental well-being, which allows
(GD) . . . . .
the population to be provided with high-quality
T T T T and nutritious food, are sufficiently close, then the
9 indicators 4 indicators P 2 indicators countr‘y is in a sj[ab}e (eq.ud'lbrlum) zone. At the
same time, the criterion within the TD and ES val-

ues of no more than 23 units should be observed.

Fig. 2. Structure of the TEDR index

According to Fig. 2, when calculating TEDR, aggregates are also
used, sub-texts are formed, and an index is calculated. Depending on the
TEDR value, the following levels of technological development of a coun-
try can be distinguished: extensive (value up to 19), intensive (20-34),
and synergistic (over 35) [18]. The last level is successful for industrial
production, but at the same time, the land and natural resources are de-
pleted, and people become dependent on synthetic food sources.

Next, technological development and environmental well-being are
evaluated. For this purpose, the SUTED (SUstainable TEchnological
Development) index is used [19]. A comparison is made between the
weighted average values of regional levels of technological develop-
ment (TD) and environmental well-being (ES). These are assessed using
the TEDR and ETOy indices, calculated for regions k of the country:

_ wTEDR, +..+w, TEDR,,

1D =
W, et 10y

72 WTEDR +..+w, TEDR, )
Wyt et W, '

where TD — weighted average value of TEDRy. indices, where k — num-
ber of areas, wi. — weight of the k-th area, which is determined by experts
and depends on the ratio of the area to the total area of the country.
In this case, the area is assessed by the area of agricultural land.

Next, using scale coefficients, it is possible to represent the balance
of individual factors affecting food security. The best scenario is when
the factor of technological development exceeds the level of technogen-
ic oppression of the territory and is balanced with factors responsible
for the preservation of land and other agricultural land. This allows for
stable growth in various types of agricultural production. This allows
to talk about ensuring food security while actively developing indus-
trial technologies. In this case, sustainable technological development
is ensured, the country adapts well to internal and external changes,
and technological and environmental processes are in equilibrium,
deviation from which is disadvantageous from both points of view.

In other words, any actions aimed at increasing the technological
development index (TD) cannot be carried out without analyzing their
impact on the environmental well-being index (ES). Just as opposite
actions aimed at reducing the ES index cannot be carried out without
considering their impact on the TD index. Naturally, the balanced situ-
ation where TD equals ES is not constant. Depending on the difference
between the values of technological development and environmental
well-being (in absolute terms, SUTED), various situational zones can

be identified (Table 3).

In other words, there is potential for sustainable,

balanced development. In this case, the country

is able to modify existing technologies to prevent a decline in the ef-
ficiency of life support systems.

Ifthe difference between TD and ES is in the range of 23-34 units, the
country is in an unstable (slightly unbalanced) situation. This can be de-
scribed as the limit of balanced food security. In this case, industrial technolo-
gies need to be changed and agricultural areas need to be intensively restored.

When discussing food security based on balanced development,
the main factors are usually taken into account. Secondary indicators
are ignored. Naturally, this limits the assessment system, but it creates
specific baseline characteristics for comparative analysis and identifica-
tion of development trends. In particular, thanks to this system, decision-
makers responsible for the economic development of the region and
determining the relevant policy have a multifaceted information base.
This allows not only to maintain isolated economic, social and other fac-
tors of development, but also to make informed management decisions.

Ensuring balanced development of food security consists of achieving
two main goals: reducing environmental degradation and increasing the
level of technological development. To this end, for example, various op-
tions from the following four regional (macro) strategies can be used [18]:

— t1 - growth in the level of influence of new technologies (Techno-

logy Application in the Region — TAR);

- 12 - growth in the technological impact on food security (Tech-

nology Impact on the Region — TIR);

— el - reduction in man-made pressure on agricultural land (TL);

— 2 - reduction in man-made pollution of agricultural land (TP).

Based on data collected between 2014 and 2024, weighting coef-
ficients were calculated for the main agricultural products — wheat grain
and beef. Production was studied in the specified areas, with an assess-
ment of the significance of each product in the total volume of food
produced. The areas under study were examined in order of increasing
technogenic load and intensifying food security imbalance. The results
were processed using Statistica software. Intermediate calculations and
summaries were performed using Microsoft Excel. The calculation
of basic indices with the necessary visualization was implemented using
an application written in the Python programming language.

3. Results and Discussion

3.1. Definition of aggregates and sub-indices for model construction

Based on the data collected for the period 2014-2024, test calcula-
tions of indicators and indices were performed. The results of the cal-
culation of aggregates and sub-indices of the TEDR index are presented
in Table 4, and for the ETO index - in Table 5.
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The total values of the above indicators, as well as the TEDR and ETO indices, are presented in Table 6.

Table 4
Calculation of aggregates and sub-indices of the TEDR index
Regions w M GD F P Us
North Kazakhstan Region 0.48 0.22 14.88 0.41 0.45 17.47
Kostanay Region 0.49 0.10 13.32 0.24 0.45 14.74
Akmola Region 0.46 0.23 14.74 0.41 0.70 2243
Regions E 1 DF C N PR
North Kazakhstan Region 0.56 0.2 15.80 0.01 0.01 7.56
Kostanay Region 0.52 0.05 13.07 0.01 0.01 7.56
Akmola Region 0.69 0.45 23.09 0.15 0.01 8.69
Table 5
Calculation of aggregates and sub-indices of the E70 index
Regions E D L G vV A B g
North Kazakhstan Region 0.45 0.08 12.52 0.40 0.44 0.45 0.65 6.96
Kostanay Region 0.38 0.15 12.55 0.35 0.44 0.15 0.30 3.45
Akmola Region 0.70 0.27 19.47 0.58 0.31 0.9 0.38 8.74
Table 6
Total values of the TEDR and ETO indices
TEDR ETO
Regions TAR TIR TEDR TL P ETO Weight* with with
weigh weigh
North Kazakhstan Region 32.35 23.36 11.5 12.52 6.96 6.98 1.04 11.96 7.26
Kostanay Region 28.06 20.63 12.7 12.55 3.45 9.21 1.03 13.08 9.48
Akmola Region 37.17 31.78 23.05 19.47 8.74 22.5 1.05 24.20 23.62
Total - - - - - - 3.15 49.24 40.36
Note: * — aggregated weight coefficient of influence of wheat grain and meat processing enterprises directly for each region

According to the TEDR index, the Akmola region is at the third
(synergistic) level of technological development. The other regions are
at the first (extensive) level of technological development. At the same
time, the Kostanay and North Kazakhstan regions are at the lower end
of the first level in terms of their development. This indicates that good
preservation of agricultural land with the possibility of obtaining envi-
ronmentally friendly products.

According to the ETO index, the Akmola region is at the sec-
ond (critical) level of man-made environmental degradation in the
region.

This is due to the rapid pace of industrial development and active
human intervention in connection with the development of tourism
and the recreational business. The remaining regions are close to the
first zone with a low degree of environmental degradation.

3.2. Model of balanced development of food security in the re-
gions under study

Based on model (3) using the weighted average value of the EO
indices, it is possible to introduce the environmental well-being index
ES for the regions under study

ES=——10", (4)

EO

which will enable the technological development index of these same
territories to be expanded:

SUTED=¢"" -b,

x=(TD—ES)*-c, (5)
where b and ¢ - aggregated scale coefficients of basic products in ensur-
ing food security within the boundaries of the studied territory.

Taking into account the changes (4) in model (3), as well as the bal-
ance model (5), it can be noted that if the difference between TD and
ESis in the range of 23-34 units, then the studied area is in an unstable
(weakly balanced) situation, which is defined as the “limit of effec-
tive development”. In this area, technological development processes,
although deviating from equilibrium, do not do so to an extent that
would significantly affect food security in the territory under study.
These processes only modify their direction and impact on ensuring
balanced development. However, further food security in this case can
only be ensured through the use of modern, highly efficient technolo-
gies for the recovery of agricultural land.

If the levels of technological development and environmental well-
being differ so significantly that the SUTED value is below the inflection
points (Fig. 3), this indicates that the area under study is in a changing
(unbalanced) situation.

;64
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Stable (balanced) zone,
SUTED within the
boundaries of 80-100

/N

Unstable (weakly
balanced) zone, SUTED
boundaries 26-79

™D

intersection
points

N

Variable (unbalanced)
zone, SUTED within the
limits of 0-25

L

Fig. 3. Exponent of the stability level SUTED

ES

In the first case — when TD > ES — it is about talk about the irratio-
nal use of natural resources and, accordingly, agricultural land. Tech-
nological development does not take into account the potential of the
environment, does not adapt to it, and ceases to be a factor of progress,
excessively suppressing the environment. In this case, decision-makers
need to make targeted efforts to increase the value of ES.

When TD < ES, the study area is characterized by a high level of ag-
ricultural land conservation with relatively low anthropogenic impact
on the environment. An environment with such resource potential has
good prospects for enhancing technological development in agriculture
to ensure food security.

The second situation looks much more attractive than the first,
as it allows for balanced development of food security. According to the
criteria studied, the TD < ES indicators for the Kostanay and North
Kazakhstan regions are approximately the same, at 78.1 and 78.3, re-
spectively. This is the upper third of the slightly unbalanced zone, and
these regions have every opportunity to grow environmentally friendly
food products.

For the Akmola region, TD > ES, the indicator is 24.7. The in-
dicator is not threatening. However, it indicates that it is necessary
to introduce more modern technologies for the restoration of agri-
cultural land after technogenic impacts.

3.3. An example of implementing an approach to forming
a model of balanced food security development in conditions
of technogenic stress
As an example, let’s consider three regions of the Republic
of Kazakhstan — West Kazakhstan, Kyzylorda and Aktobe. These
areas are developing both industrial production and agriculture,
while at the same time experiencing man-made pressure on the
environment. Let’s consider strategies 1, £2, eI, and e2 for grain and
meat for these regions.
To determine the effectiveness of these strategies, TAR, TIR, TL,
TP, TEDR, and ETO indices are used. The necessary coefficients
are calculated based on indicators for the industrialized regions of the
Republic of Kazakhstan (averaged). The aggregate weight coefficient
of influence of wheat grain and meat processing enterprises for each
region is taken to be equal to 1.1 for all regions.

To this end, at the regional level, the coefficients of aggregate
efficiency of possible target strategies for technological develop-
ment — k= TEDR/TD < 1, and environmental well-being - g = ETO/
ES <1, are first calculated. By multiplying these coeflicients by the val-
ues of the corresponding sub-indices TAR, TIR, TL, and TP. Let’s obtain
estimates of the impact of the above strategies on the current situation
in the areas of food security: Ak =k - TAR, Ik =k - TIR, Lq = q - TL,
Pq = q - TP. An example of the calculation is presented in Table 7.

Table 8 presents an assessment of the impact of target strategies
in each area.

Based on the calculated values obtained, it is possible to compare
the effectiveness of strategies that enable balanced development of food
security (Table 9).

Table 7
Efficiency coefficients by area
Indices of technological development Indices Overall effectiveness coefficients for
Regions and environmental well-being target strategies
D ES TEDR ETO k Q
North Kazakhstan Region 29.26 46.80 27.86 19.48 0.95 0.42
Kostanay Region 29.26 46.80 3879 20.7 1.0 0.44
Akmola Region 29.26 46.80 34.48 28.21 1.0 0.6
Table 8
Assessment of the impact of target strategies
Targeted strategies Sub-indices ioefﬁcien: The degree of inﬂusgcgjzsts}i ::igti;nal target strategy
1 2 3 4 5 6
North Kazakhstan Region

#1. The growing impact of new technologies TAR =32.35 | 0.95 - Ak 30.7

#2. The growing impact of technology on food security TIR =23.36 | 0.95 - Ik 21.2

#3. Combining strategies #/ and #2 - - - - 51.9

el. Reducing the anthropogenic load on agricultural land TL =12.52 - 0.42 Lg 5.26

2. Reduction of man-made pollution of agricultural land TP = 6.96 - 0.42 Py 2.9

3. Combining strategies ¢ and ¢2 - - - - 8.16

Kostanay Region
#1. The growing impact of new technologies TAR = 3351 1.0 - Ak 3351
£2. The growing impact of technology on food security TIR = 44.07 1.0 - Ik 44.07
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Continuation of Table 8

1 2 3 4 5 6
¢3. Combining strategies #/ and #2 - - - - 77.57
el. Reducing the anthropogenic load on agricultural land TL =17.62 - 0.44 Lg 7.75
2. Reduction of man-made pollution of agricultural land TP =3.08 - 0.44 Py 1.36
3. Combining strategies ¢ and ¢2 - - - - 9.11
Akmola Region
#1. The growing impact of new technologies TAR =37.17 | 1.0 - Ak 3717
#2. The growing impact of technology on food security TIR =31.78 1.0 - Ik 31.78
#3. Combining strategies #/ and £2 - - - - 68.95
el. Reducing the anthropogenic load on agricultural land TL = 1947 - 0.6 Lg 11.68
2. Reduction of man-made pollution of agricultural land TP =874 - 0.6 Py 5.24
3. Combining strategies ¢ and ¢2 - - - - 16.92

Table 9
Assessment of strategy effectiveness
North Kazakhstan Region
The degree of impact of “environmental” strategies Total
ey B - B T2 combimed with £2
5.26 2.9 8.16 -
T1 30.7 25.44 27.8 22.54
72 21.2 15.94 18.3 13.04 -
73 51.9 46.64 49.0 43.74
Kostanay Region
The degree of impact of “environmental” strategies Total
The most effective strategies (in descending order) are:
e dgeofnpc o L ompned v £
regional strategics on El E2 E3 T2 combined wich £2:
food securicy T1 combined with E3
T1 combined with £1
427 1.17 5.44 -
T1 23.29 19.02 22.12 17.85
72 17.12 12.85 15.95 11.68 -
73 40.41 36.14 39.24 3497
Akmola Region
“The degree of impact of The degree of impact of “environmental” strategies Total
regional strategics on El E2 E3 T2 strategics arc most cffective when combined with £3
food securicy 11.68 5.24 1692 -
Tl 37.17 2549 31.93 20.25
72 31.78 20.1 26.54 14.86 -
73 68.95 57.27 63.71 52.03

Thus, with the help of multifaceted macroeconomic strategies,
it is possible to ensure the balanced development of food security as a
separate area, in a particular region, or in the country as a whole. These
strategies are mainly based on the compilation of economic balances
and technological impact. The study expands on the work [8] by pro-
viding a new approach to balance analysis of the development of pro-
duction sectors and significantly increasing the priority of agricultural
manufacturers.

This study provided radically new results compared to those pre-
sented in [11], as the results are based on statistical reports and financial

indicators for a period of 10 years. The results also show that, unlike
in [14], there is no need to make changes to biocenoses that would
further increase technogenic and anthropogenic loads. It is sufficient
to rationally balance the use of modern production and agricultural
technologies.

The proposed indices characterize the state of affairs at a given
point in time and, from this point of view, will be static when describ-
ing sustainable development processes. This allows, unlike in [15], this
approach to be applied more broadly, adapting it to the study of food

security issues in any country or region.
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This allows to expand the scope of the work [5-7], agreeing with
the authors. The modern economy requires different methods of de-
scribing the “people — industrial production — environmental impact”
system when considering the challenges of achieving sustainable food
security.

The limitations of the study are the selected number of balanced
development factors. The main focus is on environmental factors in ag-
ricultural production. In particular, these are factors characterizing the
anthropogenic load on agricultural land. Other balanced development
factors are taken as constant values.

One of the disadvantages of the study is that the model uses only
two weighting coeficients for wheat grain and beef. Each region and
each country has its own priorities in ensuring food security. There-
fore, a comprehensive model should take into account all priority areas
of agricultural production.

Such research may also be of interest to Ukraine in wartime condi-
tions. This model can be used to repurpose technologies in areas not
affected by military operations for the purposes of balanced develop-
ment and ensuring sustainable food security.

Further research on this topic could focus on analyzing the dy-
namics of balanced food security development processes depending
on external, often insurmountable factors. Such analysis would enable
the creation of reserves in case of natural disasters, which would make
states and society more resilient.

4. Conclusions

1. The work calculated the aggregates and sub-indices necessary for
building the model. A period of 10 years was selected for the study. Test
calculations of indicators and indices were performed using statistical
data for the period. It was determined that, based on the TEDR index
value of 23.05, the Akmola region is at the third level of technological
development. The Kostanay (13.7) and North Kazakhstan (11.5) re-
gions are at the lower end of the first level of technological develop-
ment. This indicates good preservation of agricultural land with the
possibility of obtaining environmentally friendly products. According
to the ETO index, the Akmola region is at the second (critical) level
of technogenic oppression of the region’s environment. This trend is the
result of the active development of industrial production and tourism.

2. A model of balanced food security development was created
for the regions under study. Aggregated scale coefficients for wheat
grain and cattle meat were introduced into the basic Technological
Development model. These products are key to ensuring food security
within the regions under study and for Kazakhstan as a whole. The
changes that can be made using the constructed model allow for the
manipulation of various data, simulating a situation of balanced food
security development. According to the criteria studied, the indicators
for the Kostanay and North Kazakhstan regions are approximately the
same, at 78.1 and 78.3, respectively. This is the upper third of the slightly
unbalanced zone, and these regions have every opportunity to grow
environmentally friendly food products. For the Akmola region, the
indicator is 24.7. The indicator is not threatening, but it indicates that
it is necessary to introduce more modern technologies for the restora-
tion of agricultural land after man-made impacts.

3. An example of the practical implementation of the proposed
approach is presented. Three regions of the Republic of Kazakhstan
are considered as examples: North Kazakhstan Region, Kostanay and
Akmola. Both industrial production and agriculture are actively de-
veloping in these regions. However, the environment in these regions
is under significant anthropogenic pressure. Based on the developed
model, assessments of balanced development strategies were carried
out according to the criterion of ensuring food security. As a result,
evidence was obtained of the integration of various projects for the
rational use of agricultural resources.

The proposed approach can be used to analyses the balanced de-
velopment of regions with the aim of intensifying food production.
This approach can also be applied in general to monitor food security
programmes in various countries around the world.
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