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ASIAN APPROACHES TO SMOG CONTROL: LESSONS FROM CHINA AND
INDIA FOR STRENGTHENING KAZAKHSTAN’S AIR QUALITY STRATEGY

Annotation. The article supports a systematic approach to air quality management
(Air Quality Management, AQM) in Kazakhstan based on a comparative analysis of
Asian practices-China and India-and their adaptability to the national institutional
environment.

Based on an interdisciplinary review of regulations and strategies, monitoring
data, peer-reviewed studies, and industry reports, it shows that the main contribution to
pollution comes from household and municipal heating with solid fuels, industry, and
transport; meteorological factors (low winter boundary-layer height) and behavioral
characteristics of the population intensify episodes of smog and health risks.

Deficiencies in the coverage of the observation network and in procedures for
quality assurance/quality control (Quality Assurance/Quality Control, QA/QC) are
identified, as well as coordination gaps between agencies and levels of government that
slow the scaling of BAT (Best Available Techniques) and CEMS (Continuous Emissions
Monitoring Systems).

Based on comparison with the Chinese vertical model (strict accountability,
centralized monitoring) and the Indian multilevel model—the National Clean Air
Programme (NCAP), the Graded Response Action Plan (GRAP), and the expansion of
the National Air Quality Monitoring Programme (NAMP) / Continuous Ambient Air
Quality Monitoring Stations (CAAQMS)—a hybrid framework is proposed for
Kazakhstan: national standards and integrated permits with mandatory Continuous
Emissions Monitoring Systems at major sources; urban plans prioritizing decarbonization
of heating and fleet renewal; a coordinated system of measurement, reporting, and
verification (Measurement, Reporting and Verification, MRV) and open data; inspection
accountability and performance metrics.

551


mailto:arafat.mamyrbekov@ucalgary.ca
mailto:zh.baigazinov@gmail.com
mailto:zhumadilovk@gmail.com
mailto:nurlan.eventumlab@gmail.com

SRAMg,

Yayp

S e

Ve I/ERS.'Kée BKY Xa6apubicbl
BectHuk 3KY

Implementation of the framework can reduce morbidity and economic losses,
increase resilience and public trust, and secure “clean air” as a national priority.

Keywords: air quality; international experience; atmospheric pollution; PM2.5;
AQM; BAT; CEMS; MRV, Kazakhstan; China; India; institutional policy; comparative
analysis.

Introduction

Atmospheric air quality is one of the key factors of sustainable development and
public health of Kazakhstan. Clean air determines not only the duration and quality of life
of the population but also directly affects economic productivity, social stability, and the
international reputation of the country. According to the World Health Organization [1],
air pollution remains one of the leading risk factors for premature mortality worldwide,
and Kazakhstan is not an exception from this global challenge.

National strategies for air quality management already cover the main sources of
pollution - energy, transport, industry, agriculture, and the household sector - and require
coordinated actions of government bodies, regional authorities, and society. The goals of
such strategies go beyond reducing emissions: they include protecting citizens’ health,
preserving ecosystems, and creating conditions for long-term economic growth [2].

International experience shows that systemic and institutionally supported
measures can significantly improve air quality within a relatively short time. Europe and
North America achieved sustained reductions in key pollutant concentrations through
comprehensive directives, strict standards, and transparent monitoring [3, 4, 5]. In recent
years powerful programs have also been implemented by Asian countries. China applies
a strict vertical regulatory model with mandatory targets, and India develops a multilevel
system with national and city plans [6, 7]. These approaches demonstrate that a
combination of political will, technological modernization, and public oversight can
deliver tangible results even under the complex conditions of rapid economic growth. For
Kazakhstan, studying and adapting such practices acquires special significance.

A combination of climatic characteristics, coal dependence, and high urbanization
requires the introduction of best available techniques (BAT), modern continuous
emissions monitoring systems (CEMS), and transparent mechanisms of measurement,
reporting, and verification (MRV). The aim of this study is to analyze the experience of
China and India in air quality management and to identify elements that can strengthen
Kazakhstan’s national strategy, ensuring a transition to “clean air” as a sustainable-
development priority.

Materials and research methods

The study is an interdisciplinary analytical review with elements of comparative
political-institutional assessment aimed at identifying and adapting Asian air-quality
management practices (Air Quality Management, AQM) to strengthen Kazakhstan’s
national strategy. At the center of the analysis there are two key cases: China and India,
compared with Kazakhstani realities.

As main sources, documents and studies directly reflecting the policy and
practices of these three countries were used. For Kazakhstan the following were applied:
the Environmental Code of the Republic of Kazakhstan (analysis in the World Bank
report “Clean Air and Cool Planet,” 2021) [8], the National Air Quality Improvement
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Plan until 2028, provisions of the Government of Kazakhstan on the Ministry of Ecology
and Natural Resources (rev. 2023-2024) [9] and the Ministry of Energy (2014, with
updates) [10], descriptions of integrated environmental permits (IEP) and implementation
of best available techniques (BAT), as well as data from the national hydrometeorological
service Kazhydromet [11] and results of SILAM atmospheric modeling.

The empirical base consisted of peer-reviewed studies on Kazakhstan: trends and
health under exposure to major pollutants [12], episodic analysis of PM..s in Astana and
Almaty [13], influence of planetary boundary-layer height (PBLH) on particle
concentrations [14], research on industrial emissions and biomonitoring of heavy metals
[15, 16, 17], atmospheric modeling of photochemical processes [18, 19], chemical
characterization and source apportionment of PM2.s [20], behavioral aspects of pollution
perception [21], and economic costs of particulate exposure [22].

For China, the analysis covered materials of the Ministry of Ecology and
Environment (MEE) [23] and the World Bank report on the implementation of the Hebei
Air Pollution Prevention and Control Program [24]; in addition, the present review also
used relevant academic studies assessing CEPI’s effectiveness and recent trends in PMa.s
concentrations [6, 25, 26, 27, 28].

For India, sources included the National Clean Air Program (NCAP) of the
Ministry of Environment, Forest and Climate Change [29], National Ambient Air Quality
Standards (NAAQS) [30] and materials of the Central Pollution Control Board [31], data
from the national monitoring networks NAMP and CAAQMS [32], as well as studies on
the Graded Response Action Plan (GRAP) and on the national implementation of the
Bharat Stage VI (BS-VI) vehicle standard [33, 34, 35, 35].

The methodology included: (1) content analysis of national regulatory acts and
programs of China, India, and Kazakhstan to identify key objectives, instruments
(standards, economic incentives, technological solutions) and performance metrics
(reductions of PMz.s/PMio, SO2, NO: concentrations, health indicators, economic costs);
(2) synthesis of epidemiological and atmospheric data on Kazakhstan to assess risks and
factors (including correlation of pollutant levels with meteorological conditions such as
PBLH); (3) comparative institutional analysis of the Chinese vertical model with strict
accountability and centralized monitoring and the Indian multilevel model with city plans
and operational response mechanisms; (4) integration of results into a systemic
framework “standards — monitoring (Measurement, Reporting and Verification, MRV)
— enforcement (IEP/BAT, continuous emissions monitoring systems, CEMS) — effect
evaluation — policy adjustment,” which made it possible to develop recommendations
for strengthening Kazakhstan’s AQM strategy taking into account the most effective
mechanisms of China and India.

Such an approach ensured the comprehensiveness of the analysis, combining
qualitative and quantitative data and providing practical applicability of the conclusions
for the development of Kazakhstan’s air-quality management policy.

Scientific results and discussion
The Current State of Air Pollution in Kazakhstan: Facts and Risks

Kazakhstan continues to be one of the most polluted regions of Eurasia according

to several key air-quality indicators and benchmarks. In global comparisons, the country
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ranks thirty-fifth worldwide for the level of atmospheric air-pollution overall among peer
nations [19, 12]. The main emission sources—industry, energy, transport, and household
coal heating—produce a complex mixture of airborne priority pollutants: CO, SO2, NO»,
PM..s, PMio, NH3, and volatile organic compounds (VOC). These substances originate
both from large metallurgical and petrochemical industries and from the private sector,
where solid fuel remains the main heating type today [12, 37].

The largest industrial centers—Almaty, Astana, Pavlodar, Ust-Kamenogorsk,
Karaganda, Temirtau, Ekibastuz, Zhezkazgan, and Petropavlovsk—show consistently
high concentrations of pollutants which repeatedly exceed WHO recommendations (5
ng/m? annual and 15 pg/m? daily for PMa.s) [1]. In Almaty and Ust-Kamenogorsk, annual
average PMz.s concentrations range from 20-35 pg/ms, and winter peaks reach 200-500
pg/ms, which is four to seven times higher than annual and up to thirty-three times higher
than daily limits [13, 38]. In Pavlodar, peak PMio levels reach 40—-60 pg/ms3, exceeding
WHO daily recommendations, and chronic PMz.s exposure in the industrial centers of
Karaganda and Temirtau is associated with health-care economic losses of about 12
billion US dollars per year in total [39, 40].

According to World Bank estimates, air pollution leads to 10,000 premature
deaths annually and economic losses of 10.5-12 billion US dollars, which equals 67
percent of the country’s GDP [40, 41, 12]. A direct link has been established between
elevated PM..s concentrations and cardiovascular diseases, strokes, and chronic
obstructive pulmonary disease. During the heating season, when coal consumption
increases, a rise in respiratory and cardiovascular diseases is recorded [21].

Geography and climate intensify the problem. In Almaty, the mountainous
surroundings contribute to a low winter planetary boundary-layer height (PBLH), leading
to pollutant accumulation: with an average winter PBLH of about 392 m, the PMa.s
concentration reached 94 pug/ms, whereas in summer with a PBLH around 1969 m it was
only 9.9 pg/méd [14]. In Ust-Kamenogorsk, winter spikes of NO: and SO: are caused by
coal combustion at thermal power plants and metallurgy, and in Semey, significant SO-
exceedances are intensified by cement production [15].

Metallurgical districts are marked by chronic accumulation of heavy metals: in
Ust-Kamenogorsk and Aksu, biomonitoring detected elevated levels of lead, zinc, and
cadmium in residents’ blood [16, 17].

The national Kazhydromet network covers seventy cities (127 automatic and 43
manual stations) yet remains insufficient: many stations fail to provide 90 percent data
completeness, and rural and industrial areas are poorly studied [20]. Numerical models
of photochemical processes partly compensate for the lack of observations and show
strong agreement with the data from automatic stations [18, 19], however improvement
of emission inventories and data quality control (QA/QC) remains a priority.

The institutional system of AQM in Kazakhstan

Air-quality management (AQM) policy in Kazakhstan is framed as a
comprehensive mechanism to cut pollution and protect public health while aligning fully
with national climate goals; its legal foundation is the 2021 Environmental Code, which
integrates the National Air Quality Improvement Plan to 2028 and the Paris Agreement’s
provisions [8].
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Implementation relies on the national monitoring network: 170 stations (127
automatic operating continuously and 43 manual taking measurements three to four times
daily) across seventy settlements throughout the country, also supplemented by mobile
laboratories; monitoring covers PMz.s, PMio, SO2, NOy, Os, CO, H.S, NHs, HF, HCI,
VOC:s (including benzene), priority organics (formaldehyde, benzo[a]pyrene), methane,
and heavy metals [11].

The institutional architecture ensures decentralized implementation coordinated
by the Ministry of Ecology and Natural Resources, which sets the AQM regulatory
framework, implements both the Environmental Code and the National Plan, administers
integrated environmental permits (IEP) through the Committee for Environmental
Regulation and Control, approves BAT reference documents and requirements for their
application, and organizes effective interagency coordination [9].

The national hydrometeorological service Kazhydromet deploys and maintains
the monitoring network, provides data collection, QA/QC, and analytical processing, and
publicly publishes indicators (API5, pollution classes I-1V) in real time on the
kazhydromet.kz platform [11].

The Ministry of Energy sets national fuel-and-energy policy and programs, and
tools for transitioning to cleaner fuels and efficiency, including subsidies for
corresponding technologies across sectors [10]. Akimats translate national requirements
into urban air-quality management plans and ensure implementation of measures at the
local level.

International partners (World Bank, 1IASA, and others) provide expertise,
modeling support (GAINS), and financing, creating a closed loop of “standards —
monitoring — enforcement” that enables prioritizing measures, evaluating their
effectiveness, and adjusting policy on the basis of data [42].

AQM policy spans industry, transport, and the residential sector: for major
sources, integrated environmental permits (IEP) and best available techniques (BAT) are
applied; in transport, Euro-4/5 standards and fleet-renewal programs are implemented; in
the residential sector, a shift from coal to gas and energy-efficient heating is encouraged
through subsidies; the toolkit is complemented by payments for negative impact and
greenhouse-gas emissions trading [43].

China and India: Smog Control Mechanisms

Air-quality management in China operates through a strict vertical hierarchy
extending from the central government to local executive bodies there. This system, often
described as “authoritarian environmentalism,” is marked by centralized decision-
making, mandatory targets, and rigorous accountability mechanisms at all levels [6]. At
the central level, the State Council sets overall directives, while the Ministry of Ecology
and Environment (MEE, formerly MEP) develop national standards, coordinates policy
instruments and provides worldwide oversight, and designs priority control zones—
including Beijing—Tianjin—Hebei, the Yangtze River Delta, and the Pearl River Delta—
where stricter air-quality norms apply [27]. National programs such as the Air Pollution
Prevention and Control Action Plan and the Blue-Sky Protection Campaign highlight the
center’s leading role in setting national policy goals [24].
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At the provincial level, authorities and environmental agencies function under a
“dual leadership” arrangement: they report to both regional administrations and to the
Ministry of Ecology simultaneously [6]. Mandatory targets for key pollutants, such as
PM:.5s and SO, are issued from the top, and compliance directly influences the career
prospects of officials across regions. This mechanism of personal responsibility has
remained a key policy instrument since 2013 [6, 44]. Municipal and county bodies at
ground level are responsible for practical policy implementation: they tighten control over
sources, restrict coal use, promote cleaner heating options, and take measures in transport
and traffic management [45]. Over the last decade, seasonal smog-control plans were
introduced, and a color-alert system now informs the population about risks [46].].

A special place in the vertical system is held by the Central Environmental
Protection Inspection (CEPI), which dispatches inspection teams to evaluate the work of
provincial and local authorities [26]. Studies show that CEPI’s introduction contributes
to reductions in SO: and PMio emissions and significantly increases the speed of
responses to environmental violations, notably [6, 25]. Transparency is ensured through
the national monitoring network, which includes more than 1,500 centrally managed
stations that publish data in real time [25], reducing opportunities for manipulation on the
ground and strengthening public oversight [47]. Interregional cooperation is also
advancing within the Chengdu—Chongging economic circle, the governments of
Chongging and Sichuan build joint coordination and information-sharing mechanisms,
issue interprovincial documents, and shift from fragmented measures to an
institutionalized model, underscoring the rising importance of interprovincial
management of transboundary pollution [28]. Overall, China’s vertical model combines
national-level policy development, fixed targets, campaign-style enforcement, and real-
time monitoring, which has significantly reduced PM..s concentrations over the last
decade, although limitations still persist regarding short-term campaigns and the
balancing of environmental and economic goals national today [26].

India has built a multilevel air-quality management system centered on the
National Clean Air Program (NCAP), launched by the Ministry of Environment, Forest
and Climate Change (MoEF&CC) in 2019 [48]. The program sets national targets—
reducing PMio/PM2.s by 20-30 percent by 2024-2025 relative to 2017-2018—and is
implemented through city air-quality management plans for “non-attainment cities,”
where standards are systematically violated annually [48, 16-17, 45-46]. Its foundation
is the National Ambient Air Quality Standards (NAAQS), adopted in the 2009 version,
which establish annual limit levels—PM.:.s = 40 ug/m?, PMio = 60 ug/mé—as well as
binding standards for SO2, NO2, Os, CO, Pb, and other pollutants generally [49, 97-98].

Institutionally, the NCAP rests on the Central Pollution Control Board (CPCB)
and, at the state level, on the State Pollution Control Boards (SPCB) [50]. The CPCB
coordinates two national monitoring networks: the manual National Air Quality
Monitoring Program (NAMP) and the automatic Continuous Ambient Air Quality
Monitoring Stations (CAAQMS), which feed the national Air Quality Index (AQI) and
public dashboards [51, 2-3]. The national monitoring network expanded three- to
fourfold during 2019-2023: the number of automatic stations in NCAP cities grew from
155 to 340, and nationwide from 220 to 530; priority was given to covering the Indo-
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Gangetic Plain, while low-cost sensors are simultaneously deployed for rural areas [51,
6-7].

A key “accelerator” of enforcement in the Delhi agglomeration and neighboring
National Capital Region (NCR) has been supraregional tools around the Environment
Pollution (Prevention and Control) Authority (EPCA) and the Graded Response Action
Plan (GRAP) [34, 329-330]. GRAP represents a preapproved set of escalating measures
by AQI category—from “moderate” to “severe”—including restrictions on truck entry,
suspension of construction, closure of kilns and crushers, strengthening of public
transport, up to an odd—even scheme for private vehicles and school closures when PMa.s
exceeds 250-300 pg/m? or PMio exceeds 430-500 pg/m? [34, 383-386]. These measures
are applied cumulatively and tightened as air quality deteriorates.

The sectoral design of the NCAP covers transport, industry and energy,
construction, dust, agriculture, and the household sector. In transport, a central step was
the introduction of the Bharat Stage VI (BS-VI) standard on 1 April 2020, expansion of
gas-motor fuel, and development of electric transport; this also includes fleet-renewal and
old-vehicle scrappage programs [34, 359-364]. In industry and energy, standards for
diesel generators and thermal power plants are strengthened, and certification of
measuring instruments and QA/QC standards for monitoring are implemented [35,
30967-30979]. For control of urban dust, NCAP and GRAP provide mechanized
cleaning, dust-suppression regulations, and restrictions on construction during
unfavorable conditions [36, 30976-30977].

The air-monitoring system is closely linked to forecasting and health protection:
CAAQMS stations transmit hourly data for AQI calculation and rapid response [52],
while the long-term NAMP program tracks air-quality dynamics [52]. NCAP also uses
satellite data on aerosol optical depth (AOD), deploys low-cost sensors and expands the
network of stations in villages, creates a pollution-forecasting system, and engages
research teams from IIT and CSIR-NEERI to analyze sources and mitigation measures
[36].

Thus, the Indian model combines a national strategy (NCAP), institutional control
(CPCBJ/SPCB), a broad monitoring network (NAMP/CAAQMS), and rapid-response
mechanisms (GRAP), forming a multilevel air-quality management system capable of
adapting to regional characteristics and ensuring reductions in pollutant concentrations.

Asian Experience: Guidelines for Kazakhstan

The experience of China and India demonstrates that even in countries with a
heavy industrial load it is possible to achieve sustainable reductions of PM..s and other
pollutants when air-quality management relies on clear targets, a robust monitoring
system, and strict institutional accountability supported by transparent enforcement and
public reporting. Kazakhstan has already taken significant steps: the 2021 Environmental
Code is in effect, the National Air Quality Improvement Plan until 2028 is being
implemented, integrated environmental permits (IEP) and best available techniques
(BAT) are introduced, the network of automatic Kazhydromet stations is expanding, and
regional ecology departments, as subdivisions of the Committee for Environmental
Regulation and Control of the Ministry of Ecology and Natural Resources, directly report
to the Committee and operate according to its regulatory acts. These elements already
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create a foundation for comprehensive air-quality management, yet Asian experience
makes it possible to strengthen institutional control and governance mechanisms
significantly.

China demonstrates the effectiveness of a strict vertical of responsibility in which
the State Council and the Ministry of Ecology and Environment set general directives,
assign mandatory quantitative indicators for reducing key pollutants, and oversee their
fulfillment through the Central Environmental Inspection (CEPI). Provincial authorities
and municipalities bear personal responsibility for achieving the targets, and a centralized
network of more than 1,500 automated stations publishes data in real time, eliminating
manipulation and reinforcing public oversight.

For Kazakhstan such a practice could become the basis for stricter institutional
control: it is advisable to fix quantitative targets for reducing PM..s and SO- for each
region and link them to the performance evaluation of regional ecology departments and
akimats, and also to consider creating an unscheduled inspection mechanism similar to
CEPI, ensuring direct accountability of local authorities to the Committee.

The Indian model, by contrast, shows the value of multilevel planning and rapid
response measures. The National Clean Air Program (NCAP) links national targets to
specific urban plans for “non-attainment cities,” where standards are systematically
violated, and uses a monitoring network that has expanded rapidly in recent years through
automatic CAAQMS stations and low-cost sensors. Of particular importance is the
Graded Response Action Plan (GRAP) - a pre-approved package of escalating measures
that is triggered automatically when pollution thresholds are reached: from restricting
truck entry and suspending construction work to temporarily closing schools and
enterprises. For Kazakhstan, where winter smog in Almaty, Ust-Kamenogorsk, and other
industrial centers recurs every year, implementing a unified emergency-response protocol
modeled on GRAP would improve the predictability and speed of actions, and city air-
quality management plans under the coordination of regional ecology departments would
strengthen the implementation of the National Plan at the regional level.

Both countries also offer lessons in data control and economic incentives. India
has developed mandatory certification of monitoring equipment and QA/QC procedures,
which has improved the reliability of the national air-quality index and can be directly
adapted to the Kazhydromet system. China’s experience with targeted subsidies and a
gradual phase-out of coal heating, integrated into municipal decarbonization plans, can
accelerate Kazakhstan’s ongoing transition to gas and renewable energy. Alongside this,
Indian measures for fleet renewal, the switch to gas-powered vehicles, and the
development of electric transport (BS-VI standard) provide ready guidelines for
modernizing the transport sector.

Thus, Kazakhstan, while maintaining its own achievements and regulatory
framework, can draw from Asian experience primarily the mechanisms for institutional
control and governance: fixing quantitative targets and directly linking them to the
personal responsibility of regional authorities; centralized and independent monitoring
with mandatory data publication; development of flexible city plans with predefined
emergency measures; implementation of strict MRV and QA/QC procedures; and
economic and technological incentives for the decarbonization of heating and transport.
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Strengthening the role of regional ecology departments as a link between the Committee,

the akimats, and Kazhydromet, granting them the functions of coordinators of city plans

and operators of regional MRV systems, will establish a sustainable vertical of

responsibility and ensure more effective implementation of Kazakhstan’s air-quality
management strategy, drawing on the best practices of China and India.

Conclusion

The analysis indicates that Kazakhstan already possesses core elements of a
modern air-quality management system: the 2021 Environmental Code is in force, the
National Plan through 2028 is being implemented, integrated environmental permits and
best available techniques (BAT) are introduced, the network of automatic Kazhydromet
stations is expanding, and an administrative control vertical is established through the
Committee for Environmental Regulation and its regional departments. At the same time,
high levels of air pollution in industrial centers and recurring winter smog episodes
persist, requiring further strengthening of institutional mechanisms and improvements in
management practice.

Comparative analysis of Asian experience shows that China and India, despite
comparable scales of industrial burden, have achieved significant progress through a
combination of strict vertical accountability, transparent and independent monitoring,
multilevel planning, and flexible emergency-response protocols. For Kazakhstan,
especially valuable are the Chinese practice of setting quantitative targets and personal
responsibility for regional authorities, centralized automated monitoring with real-time
data publication, and the mechanism of unscheduled inspections, as well as the Indian
approach to “non-attainment city” plans, the Graded Response Action Plan (GRAP), and
the large-scale expansion of low-cost sensors and CAAQMS stations.

Integrating these elements into Kazakhstan’s existing AQM architecture will
create a durable vertical of institutional control, significantly increase the accountability
of regional authorities, speed the transition to low-carbon energy sources, and ensure
faster responses to episodes of high pollution. Strengthening the role of regional ecology
departments as a link between the Committee, the akimats, and Kazhydromet will be key
to adapting the best Asian practices, ultimately ensuring reduced morbidity over time,
greater public trust, and the achievement of the strategic goal-clean air as Kazakhstan’s
national priority.
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Baiirazunos ’K.A., MambipoexoB A.M., Kymaguios K.11I., Myxamenusipo
H.2K.

TYMAHMEH KYPECYJEI'T ABUSIJIBIK TOCIUIAEP: KASAKCTAHHBIH
AYA CAITACBI CTPATETHSICBIH HBIFAUTY YIIIH KBITAW MEH
YHAICTAHHBIH CABAKTAPBI

AnHoTanus. Makanana Kazakcranna arMmocdepaliblK ayaHbIH CalachlH XKyHeni
oackapynei  (Air Quality Management, AQM) kaxerTimiri Herizgenemi: Aswus
Toxipudenepi — Kpitaii MeH YHAICTaH — CalIBICTBIPMAIIbI Ta1aybl HET131HE OJIapIbIH
WITTHIK HHCTUTYIITMOHAIIBIK OpTaFra OeiiMenyi OaraiaHabl.

HopmatuBTik akTijep MeH CcTpaTerusjapra, MOHUTOPHUHI JEpeKTepiHe,
pElCH3MsUIaHFaH 3ePTTEYJIep MEH CallajlbIK eCemTepre >KYpri3iireH MoHApajblK IOy
HETI31H/Ie, JIACTaHyFa €H Kol yJIeC KOCAThIH/Iap — TYPMBICTBIK )KOHE KOMMYHAIIJIBIK KaTThI
OTBIHMEH O KBUIBITY, OHEpPKOCINl JKOHE KOJIK €eKEHI KOpCEeTUIl; MEeTEOpOJIOTHUSIIBIK
(akropnap (KbIc ME3TiTiHE HIEKapAIBIK KAOATTHIH TOMEH OOJTYbI) MCH XaJIBIKTBIH MiHE3-
KYJIBIK €peKIIEeNIKTepl CMOI SIMU30JTapbIHbIH JKUUIEYIHE XOHE COFaH OaillaHbICThI
JIeHCayJIbIKKa TOHETIH KayiNTepiH apTyblHa BIKIAN eTell.

MOHHUTOPHHT JKENICIH KaMTyJarbl JKOHE CalaHbl KaMTaMachl3 eTy/carmaHbl
6akputayna (QA/QC OoiibiHINA cantaHbl KAMTaMachl3 eTy/carmanbl 0aKbLIay) OJKBUIBIKTAP
Oapbl aHBIKTANIbl, COHAAW-aK AareHTTIKTEp MEH YKIMeT JeHreisaepl apachIHIarbl
yinecripyneri kemmitikrep Oap ekeHi Oadkamnsl, Oyn skarmaimap BAT (en y3mik
KOJDKETIMJII TEXHOJIOTHSIIAp) KOHE Y3/IKCi3 SMHUCCHsUIapIbl OakplIay >KYHeNlepiHiH
(CEMS) aykbIMBIH KeHelTyne 6aceH ey GpakTopiap eKeHi aHbIKTaIbI.

KpITaiiapiy, BepTUKaIAbl yirici (KaTaH eCEeNTiTiK »OHE OpPTalbIKTaHbIPhUIFaH
MOHUTOPHUHT) MeH YHuicraHHbIH KemaeHrein tocinnepin (NCAP - ¥nurTeIK Tasa aya
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O6arnmapnmamacel, GRAP - Jlenrelinenaipinren opeker ery sxkocmapel, NAMP - Aya
carachlH 0aKbUIayIbIH VATTHIK Oarmapiaamacel /CAAQMS - Kopiiaran ayaHbIH canachiH
y3aiKci3 OaKkpLIay CTaHIMSIAPhI) CANBICTRIPY Herisinge Kasakcran yiiH apanac MOIeIb
yChIHBUTABl. HaKThIpak aifTcak: HETi3ri HbICaHAap/Aa MIHIETTI Y3/AIKCi3 SMUCCUSIApAbI
Oakputay okyienepin (CEMS) opnary Tamam ereTiH WITTBIK CTaHZApTTap MCH
OIpIKTIpUITEH pyKcaTTapabl Oepy; KbUIBITY JKYHECiH JexapOOHHU3aIslayFa >KOHE
aBTOMNAPKTI )KaHAPTYFa 0aCBIMIBIK OEPETiH KaJIaJIbIK KOCTapiap; eJIey, ecern 0epy KoHe
Bepudukanus xyieci (MRV) sxylieciH yiinecTipy >KoHE alllbIK JIEPEKTepAi KEHEHTY;
WHCIICKITUSHBIH €CENTLIIN MEH HOTH)KE KOPCETKIIITEPIH XKaKCaAPTY.

Ocpl yaAriHI KY3€re achlpy XalblK JICHCAYNBIFBIH JKaKCapTyFa, SKOHOMHUKAIBIK
HIBIFBIHIAP/Bl a3alTyFa, TYPAKTBUIBIK TIEH KOFaMIIBIK CEHIMII apTTBIPYFa JKOHE Ta3a
ayaHbl YITTHIK OaCBIMIBIK peTiHe OEKiTyre MyMKiH/IIK Oepesi.

Kinr ce3nmep: aya camachl; XajablKapaiblK TaxipuOe, aTMochepaliblK JacTaHy,
PM2.5; AQM; BAT; CEMS; MRV, Kazakcran; KpiTaii; YHaicTaH; UHCTUTYIIHOHAJIBIK
casicat; CaJbICTBIPMAJIbl TAJAAY.

Baiirazunos ’K.A., MambipoexoB A.M., Kymagunos K.1I., Myxamenusipos H.2K.
A3BUATCKHE IOAXO/JbI K BOPBBE CO CMOI'OM: YPOKHU KUTAA U
NHANU JJIA YKPEIIVIEHUSA CTPATETI'NN KA3BAXCTAHA I10 KAYECTBY
BO3YXA

AnHoTauusi. B cratee 00OCHOBBIBaETCSI HEOOXOIMMOCTH CHCTEMHOTO
yrnpaBieHusT KadecTBoM aTtmocdepHoro Bo3ayxa (Air Quality Management, AQM) B
Kazaxcrane Ha OCHOBE CpPaBHUTEIBLHOIO aHAJIM3a a3UaTCKUX MpakTUK — Kurtas u Uuann
— U OLICHKH MX aJallTUPYEMOCTH K HallMOHAJIbHOM MHCTUTYLIMOHAJIBHOM cpejie.

Ha ocHoBe MexaucUUIIIMHAPHOTO 0030pa HOPMATHUBHBIX AKTOB M CTpaTErui,
MOHMTOPHMHIA JIaHHBIX, PELEH3UPYEMBIX MHCCIENOBAaHUN M OTPACIEBBIX OTYETOB
MOKa3aHO, YTO OCHOBHOM BKJIaJ B 3arps3HEHHE BHOCAT OBITOBOE M KOMMYHaJIbHOE
OTOILIEHUE TBEPABIM TOILJIMBOM, IIPOMBIIUIEHHOCT U TPAHCIIOPT; METEOPOJIIOITMUYECKUE
(dakTopbl (HHU3Kas BbICOTA MPU3EMHOIO CJI0S 3MMOM) M MOBEJEHUYECKHE OCOOEHHOCTU
HACEJICHUs yBEJINYMBAIOT 3MMU30/1bl CMOTa U CBSI3aHHBIE C HUMU PUCKH JUISI 310POBBS.

BrlisiBreHBI HEJOCTATKU B OXBaTe CETH HAOJNIOIEHUH U IIpoLeayp obecreueHus u
KOHTpOJIsI KadecTBa (oOecredueHne KayecTBa/KOHTposb kadecTBa, QA/QC), a Taxxke
npoOenbl B KOHKYPEHLIMH MEXIy BEJIOMCTBAMHU M YPOBHSIMU BIJIACTH, KOTOpBIE
3aMmeusitoT MacmrabupoBanue NDT (Hammyummx coBpeMeHHbIX TexHosoruil, BAT) u
CUCTEM HEIpepbIBHOTO MOHUTOpHHTa BbIOpocoB (CEMS).

Ha ocHOBe cpaBHEHUS C KHUTalCKOM BepTUKalIbHON MoJenblo (cTporas
MOJIOTYETHOCTh, LIEHTPAIU30BAaHHBI MOHUTOPUHT) M HWHAWWCKOM MHOTOYpOBHEBOU
Mojenbio — HarronansHo# nporpammoit yrcroro Bo3ayxa (NCAP), ITnanom neiicTuit
no rpaxyupoBaHHoMy pearupoBanuio (GRAP) u pacmmupennem HanmonamsHOM
nporpaMMbl MOHUTOpHHTra KadectBa Bozayxa (NAMP)/CtaHuusMu HenpepbIBHOTO
MOHMTOpHMHTra KauecTBa oOkpyxkaromero Bozayxa (CAAQMS) — mia Kazaxcrana
npejuiaraeTcsi rHOpuaHas CTPYKTypa: HalMOHAJIbHBIE CTaHAAPTHl U KOMIUIEKCHBIE
paspelieHusi ¢ 00sA3aTeNbHBIMU CHCTEMaMH HEMPEPHIBHOTO MOHMTOPHUHIA BBIOPOCOB
(cucTeMbl HETIPephIBHOIO MOHUTOpHHIa BeIOpocoB, CEMS) Ha KpyHmHBIX MCTOYHHUKAX;
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TOPOJICKHE TUIaHbl, OTJAIOUINE PUOPHUTET JAeKapOOHU3AIMH OTOIUICHHUS U OOHOBJICHHIO
aBTOMApKa; COIVIACOBAHHAS CHUCTEMa W3MEPEHUH, OTUYETHOCTH U BepuduKanmu
(Measurement, Reporting and Verification, MRV) 1 oTKpbITBIC JaHHBIE; TIOJJOTYETHOCTh
WHCIIEKIUH 1 MeTprudecKas 3pPeKTUBHOCTb.

Peanuzamust 5TOi MOJENM MO3BOJUT CHU3UTH 3a00JIEBAEMOCTh U TSXKENbIE
MOTEPH, TOBBICUTH YCTOMYHUBOCTH U OOIIIECTBEHHYIO 0€30MTACHOCTh U 3aKPETHUTh «IUCTHIH
BO3/IyX» B KaUeCTBE HAI[MOHAJILHOTO MPHUOPHUTETA.

KiroueBble c¢j10Ba: KavyecTBO BO3/yXa; MEKIYHAPOIHBIM OIBIT; 3arpsi3HEHUE
atmMocdepsr; PM2.5; AQM; BAT; CEMS; MRYV; Kazaxcran; Kwuraii; Wugus;
WHCTUTYIIUOHATbHAS TIOJMTHKA; CPABHUTEIIHHBINA aHAIIN3.
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