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ABSTRACT

The purpose of this study is to develop a methodology for assessing environmental risks and to test it using
data on pollution across different regions of Kazakhstan.

Methodology. The study uses a literature review and deductive reasoning to find solutions to environmen-
tal pollution. Content analysis helps develop an integrated, weighted environmental risk through composite
indexing. Economic and mathematical methods (including Moran’s I, spatial weights matrices), along with
visualization techniques, are used to present the research results.

The uniqueness of this study lies in its focus on the influence of natural and climate features of a specific
region, along with pollution from neighboring areas, rather than relying solely on national pollution indicators
and their effects on the regional environment. Data collected and analyzed on emissions and waste in Kazakh-
stan's four largest regions allowed for the calculation and comparison of environmental risk levels. Regional
environmental risk assessments were based on data of the end of 2024. The study revealed that Karaganda
(1.26) and West Kazakhstan (1.78) regions experienced high environmental risk during this period, particularly
due to the municipal waste index. Meanwhile, in East Kazakhstan, the index, at -0.0142, was considered quite
low, and in Kyzylorda, it was closer to the boundary between moderate and high environmental risk (0.198).

The study highlights the importance of quick access to environmental data for guiding management deci-
sions by regional governments. It also stresses the need to expand and sustain this research by developing a re-
gional environmental database. Calculation of environmental risks helps to clarify measures for environmental
management in regions adjusting decisions considering the weight of a particular index.
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INTRODUCTION

Relevance of the study. In achieving the Sustainable Development Goals (UN SDGs), Environmental, So-
cial, and Governance (ESG) factors are crucial for assessing sustainability and corporate responsibility. Lim-
ited information exists on ESG commitments in many countries, particularly in Kazakhstan, where businesses
and local governments could improve their evaluation of sustainable practices. Despite government programs
aimed at fostering business growth and creating opportunities across various sectors, the efficient use of funds
remains inadequate. Regional authorities can benefit from a clearer understanding of the importance of timely
project implementation to mitigate environmental risks. However, their ability to reduce environmental risks
through effective management is not easily accessible to companies or local officials. Often, regional authori-
ties overlook this potential and the chance to support balanced regional development. Addressing this chal-
lenge requires integrating these approaches into not only investment and production sectors but also the social
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dimensions of regional issues. Meanwhile, the scope of environmental risks is increasing, demanding greater
attention from both researchers and managers.

Background Literature. In recent years, there has been increasing attention to environmental risk man-
agement. However, researchers involved in planning and public policy note that there is no consistent ap-
proach to managing specific environmental risks [1]. Given the expanding range of hazardous substances and
sources of environmental pollution, it is essential for regional management that public officials make proactive
decisions based on available data [2]. Additionally, the literature on emerging risk management identifies three
categories of emerging risks: "new risks," "new and growing risks," and "growing risks" [3,4]. A "new" risk
is (1) previously unknown; (ii) previously known but recently reconsidered as a new risk due to changes in
knowledge, perception, or evidence; or (iii) a new event or scientific evidence that worsens a known problem,
which is considered a risk [4]. A risk is seen as increasing if (i) the number or severity of hazardous events
grows, or (ii) the likelihood of greater impacts on people or assets rises, or (iii) the health consequences for
workers become more severe than initially expected [5]. This approach is rarely applied in environmental risk
management and ESG risks. In this study, this approach was used to evaluate regional environmental risks in
Kazakhstan.

Lazar et al. [6] examined the role of environmental risks in the overall risk profile of companies listed on
the stock exchange. They propose Climate Value-at-Risk (VaR) and Climate Expected Shortfall (ES) indica-
tors to identify environmental risks for assessing the climate value of stocks. This study assists in developing
the applied research methods used in this paper. In particular, the heterogeneity of sensitivity to climate and
environmental risk factors across different sectors was convincingly demonstrated. Therefore, healthcare did
not show a connection between the rising costs for reducing environmental risks and the improvement in the
quality and volume of medical services. The energy sector showed the most significant benefit from enhanc-
ing the environmental performance of companies. Shokravi et al. [7] assessed the index of environmental
efficiency for various regions, based on an evaluation of macroeconomic indicators and environmental risks
for each region. They use an approach to calculating the integrally weighted environmental risk of a specific
country or region through the composite indexing. Spatial analysis methods were used: a spatial weight matrix
and Moran's | index. These methods are based on the fact that regional environmental risks, being territorial,
are interdependent (transferred to neighboring regions). Moreover, the generated environmental data them-
selves are recognized as spatial, which allows for the use of the weight matrix method. We also used Moran's I
index to cluster regions by risk level (Table 1) [8,9]. The results highlighted the need to implement sustainable
policies and invest in green projects to improve environmental performance not only within individual regions
but also at the national level. They also acknowledge that UNE 150008 and ISO 14001 standards outline the
requirements for certifying environmental risk assessments. These standards are based on the probability of
each risk and its potential impact on the environment and human health. This helps identify cause-and-effect
scenarios and determine possible consequences, allowing for comprehensive environmental risk analysis [10].
This approach was considered in this study and forms the basis of the methodology.

This study aims to identify the main methods for assessing environmental risks and test them using pollu-
tion data from Kazakhstan's regions. According to the methodology of the implemented project AR 19678012,
four regions of Kazakhstan (West Kazakhstan, East Kazakhstan, Karaganda, and Kyzylorda) were selected
as study areas, reflecting common trends in regional management and considering environmental aspects of
development. The study also reviews existing literature on approaches to assessing environmental risks related
to regional development. The results will help develop recommendations to support ESG management deci-
sions at the local government level, thereby reducing environmental risks. The practical importance of these
recommendations allows regional stakeholders to consider them when implementing sustainable management
practices. The findings are relevant to a broad audience, as they can be applied both regionally and globally.

Materials and methods. Data collection, content analysis, as well as economic and mathematical research
methods (including Moran’s I, spatial weights matrices), will be employed following scientific research prac-
tices. Deductive reasoning and visualization of research results will also be used. Specifically, the study will
proceed in stages: 1) review the main approaches to identifying environmental risks and their role in ESG
management using content analysis, synthesis, and comparison methods; 2) identify the most relevant ap-
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proaches to assessing environmental risks in regions through content analysis, considering their applicability
in Kazakhstan; 3) develop a methodology and test it on regional data; and 4) evaluate the potential applica-
tions of this methodology and the factors influencing it, clarifying its feasibility for regional governments. The
study hypothesizes that the integrated-weighted environmental risk methodology is most suitable for regional
management in Kazakhstan.

Data licensing — environmental risk calculation data was obtained from the Bureau of National Statistics of
the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan, section «Environmenty, sub-
section «Environmental Statistics». The data was processed by environmental object type and the most press-
ing environmental issues in the region, and was classified into a separate table before being used in the calcula-
tions. The data was not updated or modified, the environmental risk calculation was performed for 2024.

MAIN PART OF THE STUDY

On a global scale, the environmental component consists of resources that are non-excludable and non-
rivalrous for people across all countries and generations, for which humanity as a whole is responsible due to
improper use. It's essential to assess the impact of human development on the environment.

Currently, the UN identifies three groups of environmental risks that affect sustainable development:

v' Environmental deprivation of households — indoor air pollution, inadequate access to clean water and
sanitation connected to a water treatment system — is more severe in countries with a low Human Development
Index (HDI) and decreases as the HDI increases;

v environmental risks affecting communities, such as urban air pollution, tend to increase and then de-
crease as development as a whole;

v environmental risks with global consequences — especially greenhouse gas emissions — usually in-
crease with the HDI [11].

The UN highlights the unequal distribution of the burden of adverse environmental changes, particularly en-
vironmental degradation, among different population groups as a key feature of modern development [12]. The
main environmental threats identified by UN experts include those primarily related to climate change, such as
temperature fluctuations, shifts in rainfall patterns, increased risks of natural disasters, and rising sea levels. In this
study, a methodology for calculating the second category of risks—environmental risks affecting communities—
will be developed and tested. Therefore, it is crucial to identify relevant and significant environmental risks for a
specific region during the management process. A review of various studies, existing practices, and approaches
in environmental risk management systematized the process into the following stages.

Implementation of continuous Application of mathematical Using qualitative and quantitative

Formation and use of data

monitoring systems models and computer simulation methods

« historical, geological and climate « Object: Air and water quality « Predicting future events such as « interviews, focus groups and
data to identify vulnerable areas sensors, weather stations and floods, wildfires or pollutant statistical modeling, data
and communities remote sensing technology dispersion analysis, etc.

« Sources: meteorological records, * Purpose: Detecting « Purpose: Helps anticipate « Purpose: to obtain a complete
geospatial maps, biodiversity environmental changes and potential impacts and tailor picture of environmental risks,
studies and pollution reports anomalies in real time responses identify them by categories for

the purposes of
® aJIPECHOTO YIPaBJICHUS

Figure 1 — Environmental Risk Management Process
Note — based on sources [13]
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In this study, the following indicators were chosen to evaluate the level of environmental risks related to re-
gional development: pollutant emissions index, pasture degradation index, natural phenomena/disaster index,
and municipal waste index. All data were obtained from the Bureau of National Statistics of the Republic of
Kazakhstan. According to the ISO 14001 standard, the following formula is used to calculate environmental
risks associated with non-compliance with environmental requirements [14].

Environmental risk of an enterprise = number of non-compliant requirements x index of total applied en-
vironmental requirements X index of the highest sanction (fines amount) x total environmental requirements
applied to the organization's activities.

Environmental risks are threats that result from the impact of economic activity on the environment. Data
from 2024, as reported by the Bureau of National Statistics of the Republic of Kazakhstan [15], were used to
assess environmental risk. In modern business, where sustainability and responsibility are increasingly impor-
tant, understanding environmental risks is becoming an essential part of management. Statistics indicate that
certain areas of business are more vulnerable to environmental risks than others.

The formula for calculating the integrated-weighted environmental risk of a region in the format of a linear
regression equation will look like this:

ERyegion =Wy * [EmP + w, * IDgP + w3 * IDis + wy * IMW (1)

where,
IEmP- pollutant emission index
IDgP- pasture degradation index
IDis- natural phenomena/disaster index
IMW — municipal waste index
W,gion — factor weights
— pollutant emission weight for a specific region

rregion — PASTUTE degradation level weight for a specific region

w — natural disaster level weight for a specific region

3 region

— municipal waste level weight for a specific region

4 region

1region

= =

=

The factor weights (w) play a crucial role in calculating environmental risk, as they determine the extent
to which each factor influences the final assessment. The factor weights are adapted for each region based on
the frequency of occurrence of phenomena throughout the republic. For example, in the Karaganda region, the
weight coefficient of waste and pasture degradation is higher, since there is the largest amount of waste and
pasture degradation in the republic, as well as the largest number of pollutant emission.

All indicators are scaled from 0 to 1 to ensure they can be combined correctly. The sum of the weights for
each factor should equal 1. For example, in the East Kazakhstan region, the weights are proportional and each
equal to 0.25 because the indicators were not overestimated or underestimated compared to other regions of
Kazakhstan. It is important to note that most methods use minimum and maximum values for the entire coun-
try to assess environmental risk. However, in this case, the maximum and minimum values for neighboring
regions were used since they have a greater zonal influence on the occurrence of environmental risks. Indices
in environmental risk assessment allow parameters with different units and meanings to be converted to a com-
mon scale (such as 0 to 1 or 0 to 100) so they can be compared and incorporated into a single risk formula.

Each index is calculated separately, the formulas for calculating the indices are given below:

The index of pollutant emissions (IEmP) is calculated by the formula:

EmPfaCt_Eumin

IEmP = (2)
EmPpqx—EMPpin
where,
EmP__—actual emission in the region
EmP_ ., EmP__ — minimum and maximum values for the sample (by region)
min max
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The Index of Pasture Degradation (IDgP) is calculated using the formula:

DgPgact—DgPmin

IDgP =
9 DgPmax—DgPmin (3)
where,
DgP, . —actual amount of pasture degradation in the region
DgP ., DgP  —minimum and maximum amount of pasture degradation in all regions

The Natural Disaster Index (IDis) is calculated using the formula

_ DiSfaCt—DiSmin

IDis = — - “4)
Dismax—Dismin
where,
Dis,, , —actual number of natural disasters in the region
Dis,_ , Dis__— minimum and maximum number of natural disasters in all regions
IMW — index of municipal waste
The index of municipal waste (IMW) is calculated by the formula
MW fgce—MW ;g
IMW = ——=fact” " " min ()

MWmnax—MWmin

where,
MW,  —municipal waste generation, t/year

MW . MW __ —minimum and maximum boundary values by region

Environmental risk as a neutral indicator, where "0" is a neutral level. The linear regression equation, ac-
cording to which the level of environmental risk in the region is calculated, is interpreted in such a way that
positive values indicate an increase in risk (deterioration of the environmental situation), negative values indi-
cate a decrease in risk (relative improvement and low level of threats). The degree of risk is assessed according
to the following categorical scale (Table 1).

Table 1 — Categories of environmental risk

Environmental risk range ER Category Interpretation
ER<-0.2 Very low risk Environmental situation is favorable
-0.2 <ER <-0.05 Low risk Low risk, high resistance
-0.05<ER <0.05 Moderate/neutral Within normal limits, does not require immedi-
ate action
0.05<ER<0.2 Increased risk Environmental threats are emerging
ER>0.2 High risk Urgent action and monitoring are required

Note — compiled based on data from source [8,9,14].
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The conducted research allowed us to collect data based on which the following information was formed
regarding the level of weight values on environmental risk components.

Table 2 — Weight coefficients of environmental risk components for regions of Kazakhstan using the composite
indexing

Indicators/regions | East Kazakhstan region West iziz(a)lll:hstan Kyzylorda region Karaganda region
Neighboring regions | Pavlodar region, Kara-|Aktobe region, Turkestan region, Kara- | Kostanay region, Akmola re-
ganda region, Almaty|Atyrau region, Man- |ganda region gion, Pavlodar region, East Ka-
region gistau region Aktobe region zakhstan region,
Almaty region, Zhambyl region,
Turkestan region, Kyzylorda re-
gion, Aktobe region
w,_ . (EmP) 0,25 0,2 0,2 0,4
w, . (DgP) 0,25 0,25 0,3 0,2
w,_.(Dis) 0,25 0,25 0,25 0,1
w,.. (MW) 0,25 0,3 0,25 0,2
Note — compiled based on data from source [8,9,15]

The data shown in Table 2 will serve as a basis for calculating the level of integrated-weighted environ-
mental risk for the studied regions. It should be noted that, within this work, the task was to present and test
the methodology for calculating this risk. Since the risk is calculated on a specific date (using the results from
2024), the study does not aim to determine the overall environmental situation in the region (this could be the
focus of future research, as it requires collecting more detailed historical data and expanding the number of fac-
tors). However, the work presented makes a significant contribution to advancing economic and mathematical
methods for assessing environmental risks.

Table 3 — Initial data and methodology for calculating the integrated-weighted environmental risk for the East
Kazakhstan region

Minimum value Maximum value in Calculation
Indicator Region Value | for neighboring . . . Calculation Index
f neighboring regions Index
regions
Emissions of pollutants, thou- | 1680274,1 6406806.1 (Kara- | 17566844.8 (Pavlo- | 1680274,1 —  6406806,1/ |- 0,423
sand tons ganda region) dar region) 17566844,8 — 6406806,1
Area of degraded pastures, ha | 416958 239107.9 (Pavlo- | 1665650.3 (Kara- |416958 - 239107,9/(0,124
dar region) ganda region) 1665650,3 — 239 107,9
Natural disasters, quantity 15 6 (Pavlodar re-|21 (Karaganda re-|15-6/21-6 0,6
gion) gion)
Volume of collected | 160640 269754 (Pavlodar | 430184 (Karaganda | 160 640 — 269754/ 574 333 —|- 0,358
municipal waste, tons region) region) 269754
Calculation of integrated- | ER=0,25%- 0,423+0,25*%0,124+0,25*%0,6+0,25*- 0,358
weighted environmental risk | ER=-0,0142
for East Kazakhstan region

Note — compiled based on data from source [15].

The methodology for calculating the integrated-weighted environmental risk for the East Kazakhstan re-
gion, presented in Table 3, indicates that the risk for the East Kazakhstan region was negative, with an ER
value of -0.0142. This indicates that, based on the 2024 results, the environmental risk in the East Kazakhstan
region is below the base/neutral level, and the level of environmental risk is quite low.
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Table 4 — Initial data and methodology for calculating the integrated-weighted environmental risk for the West

Kazakhstan region

Minimum value

Indicator Region Value | for neighboring M.aleum Valu? n Calculation Index Calculation
f neighboring regions Index
regions
Emissions of pollutants, thou- | 51452,8 94844.7 (Man- |323218.1 (Aktobe |51452,8 —94 844,7/323218,1 |- 0,190
sand tons gistau region) region) —94 8447
Area of degraded pastures, ha | 250 653 1879189.3|4960684.0 (Aktobe|250653 - 1879189,3/|- 0,528
(Atyrau region) |region) 4960684,0 — 1879189,3
Natural disasters, quantity 15 2 (Atyrau region) | 15 (Aktobe region) |15 —2/21-15 2,16
Volume of collected munici-| 177 823 120620  (Man- | 132782 (Aktobe re- | 177823 — 120620/ 132782 —|4,703

pal waste, tons

gistau region)

gion)

120620

Calculation of integrated-
weighted environmental risk
for West Kazakhstan region

ER=0,2*- 0,190+0,25*- 0,528 + 0,25%2,16+0,3*4,703

ER=1,7809

Note — compiled based on data from source [15]

The methodology for calculating the integrated-weighted environmental risk for WKR shown in Table 4
revealed that the risk for WKR was positive ER = 1.7809. This suggests that, according to the 2024 data, WKR
faces a high environmental risk, mainly due to the municipal waste index's contribution. Based on these find-
ings, it is advisable to conduct an environmental audit in this area, identify pollution sources, and implement
restoration measures, at least for the types of environmental triggers analyzed.

Table 5 — Initial data and methodology for calculating the integrated-weighted environmental risk for the

Kyzylorda region
. Region | Minimum value for | Maximum value in . Calculation
Indicator . . . . . . Calculation Index
Value neighboring regions | neighboring regions Index
Emissions of pollutants, thou- | 23229,7 55561.6 (Turkestan | 6406806.1 (Kara-|23229,7 - 55561,6/ |- 0,005
sand tons region) ganda region) 6 406806,1-55561,6
Area of degraded pastures, ha | 1281687 1665650.3 (Kara-|4960684.0 (Aktobe | 1281687 — 1665650,3/|- 0,116
ganda region) region) 4960684,0 —1665650,3
Natural disasters, quantity 21 15 (Aktobe region) |21 (Karaganda re-|21-15/21-15 1
gion)
Volume of collected munici-| 106 993 132782 (Aktobe re- | 430184 (Karaganda | 106 993 — 132782/ 430184 | - 0,064
pal waste, tons gion) region) - 132782

Calculation of integrated-
weighted environmental risk
for Kyzylorda region

ER=0,2* - 0,005+0,3*- 0,116 + 0,25*%1+0,25* - 0,064

ER=0,198

Note — compiled based on data from source [15]

Analysis of the data shown in Table 5 indicates that the environmental risk level in the Kyzylorda region is
near the borderline between moderate and elevated risk. The study recommends enhancing local monitoring
and addressing the most problematic factors, such as those related to the pasture degradation index of 0.116.
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Table 6 — Initial data and calculation methodology for the integrated-weighted environmental risk in the

Karaganda region

Indicator Region Value |Minimum value | Maximum value in | Calculation Index Calculation
for neighboring | neighboring regions Index
regions

Emissions of pollutants, thou- | 64068006, 1 55561.6 (Turkes- | 17566844.8 (Pavlo- | 6406 806,1 — 55561,6/ 6 406 |- 0,040

sand tons tan region) dar region) 806,1— 55561,6

Area of degraded pastures, ha | 1665650 239107.9 (Pavlo- |4960684.0 (Aktobe |1665 650 — 239107,9/|0,302
dar region) region) 4960684,0 — 239 107,9

Natural disasters, quantity 21 6 43 (Kostanay re- |21 —6/43-6 0,405
(Pavlodar region) | gion)

Volume of collected munici-|430184 84225 (Zhambyl |357213 (Kostanay |430184 — 84225/ 1,267

pal waste, tons region) region) 357213 — 84 225

Calculation of integrated-
weighted environmental risk
for Karaganda region

ER =0,4*- 0,040+0,2* 0,302 + 0,1*0,405+0,2*1, 267

ER =0, 338

Note — compiled based on data from source [15]

Testing the environmental risk calculation method revealed that the Karaganda region faces a higher envi-
ronmental risk. This highlights the need to monitor risk sources, especially the municipal waste index, which
registered a value of 1.267 and contributed most to the overall weighted environmental risk calculation.

Thus, as a result of calculating the environmental risk using the composite indexing in the selected regions
of Kazakhstan, the highest increased risk was found in the Karaganda region. The heightened environmental
risk in Karaganda highlights the need for priority attention to the municipal waste management system (Table
7). It is also important to establish comprehensive monitoring to identify key pollution sources and implement
prompt measures to reduce environmental impact.

Table 7 — Matrix of solutions for potential general risks of business development in the regions of Kazakhstan

Methods of
Risk Probability Type of risk Strategy "minimization/ Alternative solutions
avoidance"
New and o
Average r(:zvin Conduct activities
Environmental risk Impact risi theri s Minimize aimed at improving Reclamation and
(soil quality, water, a possibilit the quality of melioration of disturbed
chemical pollution, o fp increasez soil and water, lands for their further use
etc.) . eliminating sources in agriculture
Average impact and new . .
of soil pollution
consequences
Significant .
£ Growine risk Use of protective
Climate risk Impact . g1 means against Work with the
- - increase in Accept Lo
(weather conditions, the scale of weathering, increase | consequences of natural
continentality, etc.) hazardous events irrigation during conditions
Essential droughts, etc.
Significant :
Refusal of enterprises £ New risk - Conduct seminars, Intmdu(,:e pc?naltles at
. the legislative level,
to implement Impact appeared as a s round tables, .
. Minimize and . make changes, tighten
new technologies result of external introductory lectures, .
.. . Control the Environmental
to minimize environmental master classes on .
environmental risk Essential impact project management Code of the Republic of
Kazakhstan
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igni Improve th
Top managers of Significant New and ualil{)icz:;ieotnseo ¢
enterprises and growing eqm lovees of the
heads of departments Impact risk - there is Minimize and erlljte yrise and Hire another manager
are not sufficiently a possibility Control the hrepa d of the and update the team of
competent in the of increased oreanization. take qualified specialists
field of sustainable Essential impact and new £a ’
seminars, courses,
development consequences ete
New and
Average . Increase
Absence of growing environmental
stakeholders in risk - there is . .
. Impact . L literacy of the Search for foreign
assessing and a possibility Minimize .
eliminating of increased population, conduct SpoNsors
. . . advertising an
environmental risk Average impact and new Veﬁ sing and
consequences social events
Hire
- High . specialists to . .
Absence of specialists ' New risk - CI; leulate the Invite a specialist on
in the enterprise staff appeared as a carbon footprint a contractual basis to
to calculate indicators Impact result of external Minimize and of in dicatgrs calculate indicators of
of sustainable environmental Control of sustainable sustainable development
development and impact and development and and environmental risk,
environmental risk, internal environrrilental risk including climate risk and
including climate risks High restrictions . . . ’ carbon footprint
including climate
risks
Note — compiled by the authors based on data from tables 3,4,5,6

The findings highlight the importance of using economic and mathematical models to support ESG man-
agement decisions, especially for calculating integrated-weighted environmental risk.

Results and discussion. The study shows that many experts identify certain groups of ESG factors that
impact the effectiveness of environmental risk management in the region. Therefore, environmental conse-
quences caused by the activities of economic entities—ranging from individuals and businesses to the govern-
ment and its organizations and institutions—affect their chain of effects. For example, climate change, deserti-
fication, deforestation, and loss of biodiversity lead to droughts, floods, crop failures, tornadoes, hurricanes,
earthquakes, and other natural disasters. As a result, this causes asset losses for counterparties, impacting their
solvency and ability to service loans, which can lead to bankruptcy. In the supply chain, this ultimately results
in failure to meet obligations to the government in taxes, to employees in jobs and wages, and to creditors and
investors—each of whom ultimately loses assets.

If we consider another aspect of the negative impact—regulatory—using the example of greenhouse and
non-greenhouse gas emissions that cause air pollution, we see the other side of this issue. For instance, ex-
ceeding emission and air pollution standards results in stricter legislative measures for the polluting company;
quota limits are reduced, and activities can even be banned. Additionally, this leads to increased fines, which,
collectively, can cause loss of business partners. All these negative effects contribute to economic instability
in the region.

At the same time, environmental risks linked to nearly any economic activity—such as reduced energy
efficiency, higher energy use, and inefficient water use and losses—have broader implications for regional de-
velopment. These risks can create conflicts with responsible consumption best practices in supply chains. Such
issues can lead to lower benefits, tariff changes, increased costs, and possible damage to reputation. This may
result in losing key contracts, diminished government support, and non-compliance with investor or lender
requirements for financing, potentially leading to a loss of investment.

Certain industries and technologies need to set up processes for removing hazardous waste. Since hazard-
ous waste creates environmental dangers that can cause human-made disasters, it can result in asset loss in
affected areas and often lead to the suspension or restriction of production and business activities. These issues
can interrupt technological and business operations, causing supply chain failures and making it harder to meet
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commitments to stakeholders. Additionally, the depletion of natural resources highlights the need for research
and innovation in creating eco-friendly products and services. This, in turn, promotes the development of in-
novative resource-saving technologies, potential changes in legal rules, and forces companies to update and
modernize their technologies. As a result, these adjustments can lead to a loss of market share, shifts in the
customer base, and higher costs—sometimes driven by a shift in investment priorities toward organizations
that support the creation and growth of ecosystems.

All factors identified during the study emphasize the importance of considering them when interpreting
the values of the integrated-weighted environmental risk. Additionally, after determining the risk level, it
is necessary to assess its impact and distribution. This might involve using risk matrices and tools such as
environmental impact analysis (EIA) and risk and vulnerability analysis (RVA). As a result, this includes
creating risk maps that illustrate the spatial distribution of environmental risks, help identify critical areas, and
prioritize mitigation measures. Regarding the applicability and effectiveness of approaches to environmental
risk management at the regional level, it is recommended that local executive bodies make decisions regarding
ESG control. These actions aim to achieve the four goals shown in Figure 2.

Reducing and Technical transfer of

Eliminating risk controlling risks that Informing about

e i ATmiEes risk identified risks
«the goal is to «implementation of «if it is impossible to adequate
completely eliminate measures to minimize take on risk communication of
the risk, reducing it to and manage risks that management, identified risks
a minimum value cannot be eliminated «you can involve third

parties who have the
appropriate
technologies to
minimize it

Figure 2 — Key tasks of regional environmental risk management
Note — compiled based on data from source [16]

Against this background, preventing environmental risks is crucial to decrease both the likelihood and im-
pact of such risks while minimizing losses to the regional budget.

The following strategies can be used as prevention methods for regional environmental risks:

— Development of regional environmental policies and regulations that regulate pollutant emissions, pro-
mote sustainable use of natural resources, and protect vulnerable ecosystems.

— Promotion of sustainable agricultural, industrial, and urban practices that reduce environmental impacts.
This includes using various types of renewable energy, adopting eco-friendly farming methods, managing
waste efficiently, and conserving biodiversity, all while considering regional capabilities.

— Implementation of clean technologies that decrease waste and pollution, such as advanced emission fil-
ters, biological wastewater treatment, and industrial processes based on circular economy principles.

— Implementation of environmental education campaigns targeting communities, businesses, and govern-
ments to promote responsible and sustainable behavior. Training and awareness-raising are essential for en-
couraging participation in environmental protection.

To minimize environmental risks, it is recommended to develop specific emergency action plans for dif-
ferent types of hazards. These plans should include clear procedures for evacuation, medical aid, protecting
critical infrastructure, and communicating with the public. Implementation should be based on projects that
establish rapid response teams authorized to act immediately during environmental incidents. These teams
need to be equipped with the necessary tools and technology to respond effectively. In the next phase, it is
vital to implement regional strategies to restore and rebuild damaged ecosystems, rehabilitate infrastructure,
and support affected communities. To ensure success, it is important to identify required resources, including
materials and labor. Securing financial resources and establishing their sources for each task is a key priority.
Finally, after each event, environmental risk assessments should be conducted to evaluate the effectiveness of
response measures and to learn lessons that can improve future preparedness and response.
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During the review process, the following recommendations were received for the methodology section of
the study: correction of the calibration (anchoring to [0,1] with a neutral value of 0.5 or centering around 0
using z-scores); formalization of the weighting assessment and provision of a sensitivity analysis; description
of the WWW (contiguity or distance) and testing for spatial autocorrelation. For reproducibility, it is recom-
mended to make the calculation file (data, code, formulas) publicly available.

In the research results section, was recommended a recalculation with corrected units and normalization
(preferably per capita/territory/GDP for robustness). A number of computational inconsistencies reduce valid-
ity (e.g., indices <0 or >1, inaccuracies in the denominator/maximum specifications in Tables 3—6, and dis-
crepancies between the calculated environmental risk and categorical labels). Linking the prescriptions to the
identified environmental risk factors by region was recommended, as the management matrix is well-designed
but was general.

These recommendations will be further developed in future studies. Because these recommendations are
useful and helpful, we have included them in the discussion section.

CONCLUSION

This study introduces a new method for calculating an integrated-weighted regional environmental risk,
based on an analysis of current practices and considering environmental indicators of regional development
in Kazakhstan. The methodology provided allows for justified management decisions aimed at reducing en-
vironmental risks. It accounts for the unique characteristics of regional development as well as the influence
of similar factors and risks from neighboring regions. The main objectives of the study were to explore ap-
proaches and the importance of assessing regional environmental risks, and to test the proposed methodology
using environmental data related to regional development. The risk calculation method based on a composite
index introduced in this study demonstrated its validity.

The results generally reflect the current situation in the regions and align with external expert assessments.
The literature review of advanced research in regional environmental risk management was integrated with
the proposed risk calculation approach and was used to interpret the findings. Consequently, recommendations
were developed to support the justification of ESG management decisions at the local government level to
mitigate environmental risks. The proposed solutions are designed for broad application by various partici-
pants involved in regional eco-climate management.
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KA3AKCTAH AHMAKTAPBIHJA KYPAMA UHJAEKCIH KOJIJIAHA OTBIPBIN
IKOJIOTUSIIBIK TOYEKEJIJIEPII BAFAJIAY: OJAICTEME KOHE KOJJAHY

A. A. AnambexoBa®’, P. A. CanumbaeBa’, Tumoru O. Panaxup®

'9n-Dapadu arsiagarsl Kasak yiaTTeIK yHUBEpcuTeTi, AnMarsl, Kazakcran
9 b
’Hapxo3 YuuBepcureti, Anmatsl, Kasakcran
*Maccauycerc Yuuepcureti, Amxepct, AKII

AHJATIIA

3epmmeyodiy maxcamol. DKOJIOTHIIBIK TOYEKEAepl Oarayiay oiicTeMeciH a3ipiey *oHe oHbl Kazakcran
afiMaKTapbl KOHTEKCTIH/IC KOPIIaFraH OPTAHbIH JACTaHYybl TYPAJIbl ACPEKTEP HET131H/IE ChIHAY.

Oodichamacel. JXyMbIC Talijay MEH JACAYKIMSIHBI KOJJIaHyFa HETI3JeNreH, OyJl albIHFbl KaTapiibl
3epTTEYNICPAIH OACOUETTIK IIONYBIHBIH HOTHXKEIEPIH XKOHE MaKaiaja KOWbUIFAH MOCeJeepial IIenry i
OalIaHBICTBIPYFa MYMKIHIIK Oepai; KypamJac HHIEKCTEY apKbUIbl OIPIKTIpINl ONIICHI'eH SKOJIOTHSIIBIK
ToyeKe i Oarasay/IbIH 93ipJIeHIeH 9[iICTEMECIH aHbIKTay YIIiH HeTi3 00JIFaH Ma3MYH/IbI TalJay bl Taliajiany;
9KOHOMHKAJIBIK-MaTeMaTHKANBIK 3epTTey daicTepi (OHBIH imriHae MopaH I, KeHICTIKTIK yliec MaTpuianapsl),
COHBIMEH KaTap KecTejep MEeH JuarpaMMaiap Kypy apKblUlbl 3epTTCY HOTHXKEIICPIH BU3yaIH3alusiay.

3epmmeyoiy bipezetiniei, 9leTTe, SKOJIOTHSIIBIK TOyEKeIep i Oaraay JacTaHyIbIH YITTBIK KOPCETKILITepi
JKOHE OJIapJIbIH alMaKTBIK DKOJIOTHSUIBIK KaFjaira ocepl HeriziHjue OaranaHajbl, ajl YChIHBUIBII OTBIPFaH
omicreMe Oenriyii Oip alMaKThIH TAOMFU-KIIMMATTBIK OPHAJIACy EPeKIICTIKTEPiHIH ocepl MEH Keplijiec
ayJlaHJap/JaH KeJeTiH JIaCTaHyAblH ocepiH eckepeli. Ka3akcTaHHBIH TOPT ipl OHIPIHIH MbICAJIbIH/IA
IIBIFAPBIH/BIIAD MEH KaJJIBIKTApblH JCHICHIH JKUHAY JKOHE Taljlay HOTHIKECIHJE aJIbIHFaH MOJIIMETTEp
SKOJIOTUSIJIBIK Kayill JCHICHIH eCenTeyre >KOHE CaJbICThIpyFa MYMKIHIIK Oepjii. AWMAKTBIK SKOJOTHSIIBIK
Toyekenaepai ecentey 2024 KbUIABIH COHBIHIAFBI IEPEKTep HETi3iHAe KYPri3iimi. 3epTTey KopceTKeHAeH,
Kaparauasr (1,26) xone batbic Kazakcran (1,78) oOusbIcTapbiHia OChl KE3CHJE, acipece, KOMMYHAJIBIK
KaJIZIBIKTap MHJCKCIHIH YiIeciHe OaliIaHbICThI )KOFaphl SKOJIOTHSIIBIK Kayin Kaybintackad. [Isireic Kazakcran
o0JbichiHa -0,0142 neHreinaeri KOPCeTKIll aiTapibIKTail TOMEH Jel ecenrterice, Kpi3buiopa 00bICkIH A
opTara K9He KOFaphl YKOJOTHUIBIK TOyeKeN mekapachiHa skakeH (0,198).

Byt 1a aiiMaKThIK SKOJIOTHUSIIBIK MAJIIMETTEp 0a3achlH KAJIBIITACTBIPY TYPFBICBIHAH OCHI 3ePTTEY 1l KEHEHTY
JKOHE JKAJIFACThIPY KOKETTUIIrH KOPCETTi. byl 3epTTey SKOJIOTUSIIBIK TOyEKeAepIl eCenTeYIiH OChl 9/IiCiHIH
MYMKIHZITT MEH OMIPIICHIITH KOPCETTi. DKOJOTHSIIBIK TOYSKEIEP Il ecenTey aiMaKTap IblH YKOJOTUSIIBIK
MEHE/DKMEHTI OOMBIHIIIA IIapajiap (bl HAKThUIAYFa, aTall aiTKaH 1a Oeriii Oip KOpCeTKIIITIH CaJIMaFbIH €CKepe
OTBIPBIT MIEMIMAEP/I TY3eTyTe KOMEKTECE/I1.

Tytiin0i co30ep: SKOJOTHSUIBIK TAyeKelep, alMakThlK MeHeKMeHT, ESG mremrimaepi, Jactayiibi
3aTTap/IbIH HIBIFAPBIH/IBLIAPKI, KAJIBIKTAp
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Anevic: 3eprrey 2023-2025 xbuimapra apHanrad Kaszakcran PecnyOnmkacel BimiM oHE FBUIBIM
MUHHCTPJIITIHIH TPaHTTHIK KapKbUIaHABIPY xko0ackl asiceiana Ne AR19678012 «TypaxTsl 1aMmyblH YIITaFaH
TyxkbipeiMIamackl (ESG): TeHrepiMai eHipmik»

OLEHKA 9KOJOT'MYECKUX PUCKOB B PETUOHAX KA3AXCTAHA C
HNCITIOJBb30BAHUEM KOMIIO3UTHOI'O UHAEKCA: METOJ U IPUMEHEHHUE

A. A. AnambexoBa®’, P. A. CanumbaeBa’, Tumoru O. Panaxup®

'KasHY um anp-Dapadbu, Anmarsl, Kazaxcran
*Yuusepcuret Hapxo3, AnmMatel, Kazaxcran
SVuuBepcurer Maccauycerc, Amxepct, CIITA

AHHOTALIMA

Lenv uccnedosanus. PazpaboTaTh METOANKY OILEHKU KOJIOTHUECKUX PHUCKOB M MPOBECTHU €€ anpoOaruio
Ha OCHOBE JJaHHBIX 110 3arpsA3HEHUsIM OKpY Karollell cpelbl B pa3pes3e pernoHoB Kazaxcrana.

Memooonocus. Pabora mocTpoeHa Ha HCIOJIb30BAaHMU aHAIW3a U JIEAYKLUH, TO3BOJMBIINX YBS3aTh
pe3yNbTaThl JUTEpaTypHOro 0030pa MEepeloBBIX HCCIENOBAHUNA M pELIeHWS TOCTaBJICHHBIX B CTaThe
3ajay; KOHTEHT aHaJn3a, IIOCIIYKUBIIEI0 OCHOBOHM Uil 0OOCHOBaHUs pa3pabOTaHHON METOAUKU OLIEHKU
MHTETPUPOBAHHO-B3BEUICHHOTO 3KOJOTMYECKOTO PHCKAa IOCPEJACTBOM KOMITIO3UTHOTO HWHAEKCHPOBAHUS;
9KOHOMHKO-MaTeMaTHYeCKHe METOJbl McclieZloBaHus (BKitoyas Mopana [, MaTpuIlel TpOCTPaHCTBEHHBIX
BECOB), a TAKXKE BU3yallU3allis Pe3yJIbTaTOB UCCIIEA0BAaHUs II0CPEACTBOM IOCTPOEHUS TaOJIMIL U CXEM.

Yuuxanonocms uccnedosanus 3aKiodaercss B TOM, YTO, KaK IIPAaBUIIO, OLEHKA HKOJOIMYECKHX PUCKOB
paciieHHBaeTcss Ha OCHOBE OOIIECTPAHOBBIX TOKa3aTesell 3arpsA3HeHUil M MX BIMSHHUS HAa PETHOHAIBHYIO
9KOJIOTHUYECKYIO CUTYallMio, B TO BpeMs KakK Mpeaio’KeHHass METOANKA YUUTHIBACT BIHSHNHE OCOOCHHOCTEH
MIPUPOTHO-KIUMATHYECKOTO PACTIONIOKEHUSI TOTO WM WHOTO PErHoHa M BO3ACWCTBHE 3arps3HEHWA U3
cocenaux obmacreit. [lomyueHnsle B pe3ynpTaTe cOOpa M aHAINM3a JJAHHBIX TI0 YPOBHIO BEIOPOCOB M OTXOJIOB
Ha IpUMepe YeThIpex KpymHeimux obmactelt Kaszaxcrana, mo3BOJIWIO pacCUUTaTh U CPAaBHUTH MEXAY COOOH
YPOBHH 3KOJIOTHYECKOT0 pHCKa. PacueTsl pernoHalbHBIX 9KOJIOTHYECKUX PUCKOB OCYIIECTBIISIINCH 110 TAHHBIM
Ha koner 2024r. MccnenoBanue nokaszano, uro B Kaparanauuckoii (1,26) u 3KO (1,78) Ha maHHbIN nepuon
CJIO’KMJICSI BBICOKUHM 3KOJIOTHYECKUN PHCK, OCOOEHHO 3a CYeT BKJIaJa MHJEKca KOMMYHAJIbHBIX OTX0/10B. B
To Bpems kak o BKO wmnzaexc Ha yposHe - 0,0142 mpusHaH 10CTaTOYHO HU3KHUM, a 10 KbI3putopauHCKOn
o0JiacTH - OJIMKE K TPaHUIE MEXK/y YMEPEHHBIM U TIOBBIIICHHBIM 3K0JIorn4eckuM prckom (0,198).

B xone uccrnenoBaHus BBISBICHA 3HAYUMOCTH OMEPATUBHOW JOCTYMHOCTH K AKOJOTHYECKMM JIAHHBIM
MIpU TPUHATHH YTPABICHYECKUX PEIIeHUN pEerHOHAJIbHBIMH OpraHaMU YIpaBiIeHHs. DTO TakkKe yKazajio
Ha HEOOXOAMMOCTh PAcIIMPEeHHs U MPOJOHKEHUS JAHHOTO HCCIEI0BAaHUS C TOUKH 3peHUs (pOpMHUpOBaHUSA
peruoHanpHOW 0a3bl JKOAAHHBIX. PacdeT SKOJIOrMYEeCKHX PHCKOB CIIOCOOCTBYET YTOYHEHHUIO Mep IIO0
9KOJIOTHYECKOMY MEHEKMEHTY PEerMOHOB, B YACTHOCTH KOPPEKTHUPOBKE PEIICHUH C y4eTOM Beca TOTO WIH
WHOTO WHEKCA.

Knrouesvie cnosa: sKonoOTHYECKUE PHUCKH, peruoHanbHoe ympasieHue, ESG -pemieHus, BbIOpPOCHI
3arpsI3HSAIONIMX BEIIECTB, OTXO/IbI

bnazooaprnocms: WccnenoBaHue BBIIOJIHEHO B paMKax IIPOEKTa TPAHTOBOTO (DMHAHCHPOBAHUS
MunncrepctBa obpazoBanus uW Hayku PecnyOmmkmu Kaszaxcram na 2023-2025 tomer Ne AR19678012
«Tpuenunas konnenuus ycrouusoro pa3sutus (ESG): natepecs! 6u3Heca B KOHTEKCTE COaTaHCUPOBAHHOTO
PETHOHAIEHOTO Pa3BUTHS.
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IMPROVING SUPPLY CHAIN SECURITY THROUGH LOGISTICS RISK MANAGEMENT
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"University of International Business, Almaty, Kazakhstan
Z al-Farabi Kazakh National University, Almaty, Kazakhstan
? Narxoz University, Almaty, Kazakhstan

ABSTRACT

Research objective. To conduct a comparative analysis of logistics risks in Kazakhstan and the USA, iden-
tifying key vulnerabilities, assessing their impact on supply chains, and developing specialized risk manage-
ment strategies.

Methodology. A mixed-method approach was used: quantitative analysis (World Bank LPI, trade statistics)
and qualitative expert interviews. Applied SWOT analysis, risk mapping, and comparative assessment. Theo-
retical framework includes Sheffi (2022), ADB/WTO reports, state programs ("Nurly Zhol").

Originality/value. A comparative risk matrix for differently developed economies was created. Practical
significance is evidenced by calculations: $2.1B rail gauge standardization reduces delays by 30%; NIST com-
pliance cuts cyber incidents by 70%.

Results. Structural disparities were identified:

- Kazakhstan: infrastructure gaps (22% roads meet standards), geopolitical risks (68% EU transit via Russia);

- USA: cyber threats ($4.3M damage/incident), climate risks ($18B annual losses).

Priority solutions: for KZ — developing "Middle Corridor", for USA — port cybersecurity.

This study contributes to the existing body of knowledge by providing a comparative analysis of logistical
risk factors in different economic contexts (notably Kazakhstan and the USA) and proposing a novel integrated
theoretical and methodological framework for risk assessment and management tailored for industrial enter-
prises.

Keywords: logistics risks, supply chain resilience, transit corridors, sanctions exposure, cybersecurity, in-
frastructure adaptation, comparative analysis.

INTRODUCTION

The primary objective of supply chain management (SCM) is to ensure its security, i.e., to minimize the oc-
currence of risks within the system. The goal of effective supply chain security is the timely identification and
assessment of logistical risks and the prioritization of measures to manage them through multi-level protection.
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