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Abstract
The objective of this study was to investigate the impact of COVID-19 lockdown on dif-
ferent air pollutants in eight cities of Kazakhstan by employing the data from the National 
Air Quality Monitoring Network. We selected eight cities located in different regions of the 
country with varied climatic and geographic conditions and emissions sources, providing 
good conditions for studying the differences in responses of air quality to COVID-19. Due 
to severe winters, the heating season in Kazakhstan has a significant impact on air quality; 
therefore, annual winter/spring changes in air quality were also compared. The positive 
effect of the COVID-19 lockdown (spring 2020) on NO2 and CO levels was observed in 5 
and 3 cities, respectively (out of 8). Total Suspended Particles and SO2 exhibited a more 
complicated response to COVID-19 lockdown: cities had a varying effect. No impact of 
lockdown measures was observed in industrial cities (Ust-Kamenegorsk and Karagandy), 
but seasonal changes were significant. In addition, despite some improvements during the 
lockdown period, the air quality in seven out of eight cities was still below the safety levels. 
The atmospheric quality in urban areas of Kazakhstan has not improved significantly due 
to the lockdown measures. This study underscores the importance of imposing stricter air 
quality emission control over industrial enterprises and coal-fired power plants.

Highlights

•	 Response of air quality to COVID-19 lockdown in eight cities of Kazakhstan was 
examined

•	 The positive effect of the COVID-19 lockdown on NO2 and CO was observed in 5 and 
3 cities, respectively
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•	 The effect of the quarantine measures on SO2 and TSP was different in different cities
•	 Industrial cities were not affected by the lockdown, but seasonal changes were signifi-

cant
•	 NO2 and SO2 concentrations exceeded the WHO limits during the COVID-19 lock-

down period
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1  Introduction

The Central Asian region has only recently become well-known for its severe air pollu-
tion, owing to developments in real-time air quality monitoring in the past few years. Even 
though the population density is relatively low compared to other regions of Asia, Central 
Asian countries (including Kazakhstan) hold the leading positions in the world’s most pol-
luted country ranking. Kazakhstan was ranked 23rd most polluted country in the world, 
with an annual average PM2.5 (Particulate Matter) concentration of 23.6  µg/m3 in 2019 
(IQAir.com 2021). Despite the high IQAir ranking, the number of studies related to air 
quality in Kazakhstan according to the Web of Science Core Collection search is lower in 
comparison with such countries as the United States of America (USA), United Kingdom 
(UK), China, India, etc. (Table 1). In the wintertime, some cities of Kazakhstan (e.g., Nur-
Sultan, Almaty, Karagandy) are frequently among the top ten polluted cities globally, with 
PM2.5 concentration levels ranging between 100 – 200 µg/m3 (IQAir.com 2021).

The first SARS-CoV-2 infection (COVID-19) case was registered in Kazakhstan on 13 
March 2020. A nationwide emergency was declared in Kazakhstan three days later (on 
16 March 2020). To control the spread of COVID-19 in Kazakhstan, the Government of 
Kazakhstan announced several restrictive measures, including closing of schools, uni-
versities, non-essential business, production, and shopping centers. The exceptions were 
made for life-supporting facilities and strategic enterprises. As of 25 July 2021, 542,703 
cases and 5,538 deaths among the 18.9 million population were registered in Kazakhstan 
(Ministry of Healthcare of the Republic of Kazakhstan 2021). The application of severe 
and unprecedented restriction measures over several weeks led to the virtual absence of 
vehicle traffic, and the closure of small businesses, which significantly impacted people’s 

Table 1   Number of studies in 
keywords “Air Quality” and the 
name of the country on “world’s 
most polluted countries” IQAir 
ranking (IQAir.com 2021)

Country Number of Studies IQAir ranking

China 10,776 22
USA 5128 90
India 2499 5
UK 1302 94
Germany 1026 89
Indonesia 399 17
Bangladesh 194 1
Kazakhstan 50 23
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daily routines. Despite severe restriction measures, primary stationary sources of emissions 
continued to operate in Kazakhstan, including coal-fired power plants, metallurgical indus-
tries, and oil refinery plants. Restriction measures resulted in a substantial reduction of 
traffic movements in the cities of Kazakhstan in an unprecedented way, creating unique 
conditions to assess the impact of the traffic-free conditions on air pollution in the cities of 
Kazakhstan.

The global COVID-19 pandemic caused unprecedented impacts on the economies, envi-
ronment, and behaviours forming a new agenda for research (Helm 2020). The reduction 
in air pollution due to the decline of economic activities during lockdown was reported 
by many authors across the world (Mousazadeh et  al. 2021) (Supplementary Material 
(SM); Table  SM1). The positive effect of COVID-19 lockdown on air quality improve-
ment, mainly reduction of NO2 and CO concentrations, was observed in some parts of 
India (Allu et al. 2021; Bera et al. 2021; Chelani and Gautam 2021; Gopikrishnan et al. 
2022), Italy (Collivignarelli et al. 2020; Gautam 2020), China (Chen et al. 2020b; Gautam 
2020), Spain (Gautam 2020; Tobías et  al. 2020; Pey and Cerro 2022), France (Gautam 
2020), Vietnam (Nguyen et al. 2022), Russia (Ginzburg et al. 2020), Canada (Tian et al. 
2021), USA (Liu et al. 2021), Turkey (Şahin 2020) and Malaysia (Ash’aari et al. 2020). 
However, the impact of lockdown measures was not uniform across different pollutants 
and areas. Some  studies found insignificant changes in SO2 or PM10 concentrations (Pei 
et al. 2020; Kerimray et al. 2020b; Assanov et al. 2021a; von Schneidemesser et al. 2021; 
Bontempi et al. 2022), which can be explained by the contribution of the non-traffic emis-
sions sources. Despite the decrease in primary pollutants concentrations, it was observed 
that secondary pollutants levels, such as O3 increased (Li and Tartarini 2020; Sharma et al. 
2020; Kerimray et al. 2020b; Bera et al. 2021; von Schneidemesser et al. 2021; Lou et al. 
2022). Zangari et al. (2020) showed  no changes in air quality in New York City (USA) 
during the COVID-19 pandemic and assumed that improvement in air quality could occur 
in places with high levels of air pollutants compared to locations with relatively clean air. 
Also COVID-19 restrictions did not lead to a substantial reduction in air pollution levels in 
Beijing, Wuhan, Guangzhou (China) (Pei et al. 2020) and Almaty (Kerimray et al. 2020b), 
Ust-Kamenogorsk (Assanov et  al. 2021b) (Kazakhstan). Huang et  al. (2021) found that 
despite significant decreases in the concentration of primary pollutants during COVID-19 
lockdown, there were periods of heavy haze pollution in eastern China, which was caused 
by the enhancement of secondary pollution. In northern China, there was an unexpected 
PM2.5 and ozone increase during the COVID-19 outbreak, which was explained by mete-
orological factors and uninterrupted emissions from power plants and petrochemical facili-
ties (Le et  al. 2020). Hashim et  al. (2021) reported that PM10 and PM2.5 concentrations 
during the lockdown in Baghdad (Iraq) exceeded the WHO daily limits, indicating that sta-
tionary pollution sources contributed to air quality deterioration. Kroll et al. (2020) stated 
that chemical transformations in the atmosphere contribute to the extent to which COVID-
19-induced emission reductions impact air quality. Varying impacts of lockdown on air 
quality levels could be attributed to the different structure of emission sources, along with 
the unique local topography and meteorological conditions.

In Kazakhstan, the impact of COVID-19 restriction measures on air quality was studied 
in two cities: Almaty (Kerimray et al. 2020b; Ibragimova et al. 2021) and Ust-Kamenogorsk 
(Assanov et al. 2021b). Assanov et al. (2021b) reported that the concentration of Total Sus-
pended Particles (TSP) increased by 13–21%, while SO2 and NO2 levels did not change sig-
nificantly in Ust-Kamenogorsk (Kazakhstan) during the lockdown. In Almaty (Kazakhstan), 
concentrations of CO, NO2, and PM2.5 decreased by 49, 35 and 21%, respectively, with an 
insignificant increase of SO2 (Kerimray et  al. 2020b). The changes of volatile organic 
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compound concentrations during the lockdown in Almaty showed an increase in the levels 
of benzene and toluene by 2–3 times (Kerimray et al. 2020b) and in the levels of ethylben-
zene and benzaldehyde by 2–5 times (Ibragimova et al. 2021). Thus, air pollution could be 
substantially improved during the lockdown in the cities where transport was a major source. 
However, air quality improvement could be moderate in the areas with a more complex com-
bination of sources, with a substantial contribution of other sources, which were not affected 
by restriction measures (e.g., heavy industry, power plants).

In Kazakhstan, air quality improvement in spring 2020 compared to winter 2020 could be 
attributed not only to the lockdown but also to the end of the heating season, because heating 
systems (burning coal or natural gas) are frequently among the largest sources of pollutant 
emissions in the cities. Heating is an essential survival need in Kazakhstan due to the severe 
winter, particularly in the north. In Kazakhstan’s urban areas, district heating systems (using 
coal or natural gas) are widely used (Kerimray et al. 2017). The “heating season” starts when 
the average daily air temperature falls below 8 ºC for three consecutive days. Buildings that 
are not connected to district heating, rely on small-scale household-level heating stoves and 
boilers that burn coal, wood, or natural gas, depending on pipeline gas availability (Kerimray 
et al. 2017). The heating season starts in September in the north and October–November in 
the south and lasts until April (except for Shymkent where it ends in early April) (Table SM2). 
This study aims to explore the response of air quality not only to the lockdown, but also to 
analyze seasonal variations. The impact of the heating season on air quality in the cities under 
consideration was assessed by comparing air pollutant concentrations in the winter with spring 
in 2018–2019. To quantify the impact of the heating season, the 2020 year was not considered 
because the aim is to analyze the seasonal variations without a lockdown effect.

In this study, the impact of COVID-19 lockdown on air quality was estimated in the eight 
cities of Kazakhstan using data from 28 ground-based monitoring stations. Selected eight cit-
ies are in different regions of the country (North, South, West, Center, and East), characterized 
by different climatic and geographic conditions because of varying geographic latitudes (from 
42º 18’ N to 49º 57’ N). In addition, they are characterized by varying profiles of sources of 
emissions: urban populated cities (Almaty, Shymkent, and Nur-Sultan), cities with metallur-
gical industry, and/or heavy reliance on coal (Karaganda, Ust-Kamenogorsk, and Petropav-
lovsk), cities with oil industry (Aktau, and Atyrau). This research provides a unique possibility 
to study differences in responses to such factors as COVID-19 lockdown measures and heat-
ing season in selected eight cities located in different regions of Kazakhstan at a distance from 
each other. To the best of the authors’ knowledge, there has not been yet any comprehensive 
assessment of the air quality changes during the lockdown in Kazakhstan using data from dif-
ferent cities.

Concentrations of TSP, NO2, SO2, and CO (obtained from the National Air Quality Moni-
toring Network (NAQMN)) during the state of emergency (56 days, 16 March – 11 May 2020) 
were compared with those during the same period (56  days) in the previous years (2018, 
2019). Seasonal changes in air quality were also analyzed by comparing the air quality levels 
during the period of 20 January – to 15 March (winter) with 16 March – to 11 May (spring) 
for several years (2018–2020).
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2 � Methodology

2.1 � Study Area

In this study, air quality in eight cities of Kazakhstan was evaluated: Aktau, Almaty, 
Atyrau, Karagandy, Nur-Sultan, Petropavlovsk, Shymkent, and Ust-Kamenogorsk (Fig. 1). 
These cities accommodate 5.7 million people, representing 30% of the total population 
and 53% of the urban population of Kazakhstan. Almaty, Nur-Sultan, and Shymkent are 
separate administrative-territorial units and the three the most populous cities of Kazakh-
stan. Five other cities (Aktau, Atyrau, Karagandy, Petropavlovsk, and Ust-Kamenogorsk) 
are administrative centers of their respective regions. Aktau and Atyrau are located in the 
west of Kazakhstan, with oil fields located less than 200 km away from those cities. Kara-
gandy and Ust-Kamenogorsk are two industrial cities in Kazakhstan’s Central and Eastern 
parts. Petropavlovsk is the most northern major city of Kazakhstan. Table SM2 summa-
rizes information on the population at the beginning of 2020 (Bureau of National statistics 
2020a) and major stationary sources of emissions among selected cities (Akimat of Man-
gystau region 2017; International green technologies and investment projects center 2019; 
Akimat of Shymkent city 2020; Darynova et al. 2020).

Kazakhstan ranks ninth in the world’s largest countries, with a total area of more than 
2.7 million km2. All studied cities are in different administrative regions with consider-
ably varying geographic latitudes and topography. Since Almaty is in a mountainous area, 
frequent temperature inversions and calm winds may affect the air quality in the city. Ust-
Kamenogorsk is in a river valley surrounded by the Kalbinsky mountain ranges. Aktau and 
Atyrau are close to the Caspian Sea, creating conditions for the pressure difference and, 
as a result, constant strong winds. The lowland regions of Kazakhstan include Petropav-
lovsk, Nur-Sultan, Karaganda, and Shymkent. Each city has different climatic character-
istics from the other due to geographical and topographical differences. Southern cities 
(Almaty, Aktau, Atyrau, and Shymkent) have higher average annual temperatures of about 
10.4 – 13.3 ºC, while northern has an average annual temperature of about 2.5 – 3.9 ºC, 

EW
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Shymkent

Karagandy Ust-Kamenogorsk

Atyrau

Aktau

Nur-Sultan

Petropavlovsk

Fig. 1   Map showing the location of the studied cities
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implying that northern cities will have extended heating season than southern ones (Pogo-
daiklimat.ru 2022).

2.2 � Restriction Μeasures

The emergency due to the COVID-19 outbreak was nationally imposed on 16 March 2020 
in Kazakhstan. The scheme of activities regulated during the state of emergency (from 16 
March to 11 May 2020) by the selected cities is presented in Fig.  SM1. After the state 
of emergency was announced, quarantines were imposed in the eight cities studied, with 
slightly different start and end dates (Fig.  SM1) (Government decree 2020). The first 
lockdown was introduced in Almaty and Nur-Sultan on 19 March 2020 with the gradual 
removal of restrictive measures since April 27, 2020. The shortest lockdown period was in 
Karagandy (16 – 27 April 2020). The lockdown in Shymkent, Atyrau, Petropavlovsk, and 
Aktau was introduced on 27 March, 30 March, and 3 April 2020, respectively, with the 
consecutive opening of some enterprises from 26 – 27 April and 1 May 2020. The lock-
down in Ust-Kamenogorsk was started on April 2 with subsequent mitigation of restrictive 
measures on April 29, 2020. Because of various lockdown periods, the period between 
March 16 and May 11, 2020 (end of the state of emergency) was considered a lockdown 
period in all eight cities.

The COVID-19 lockdown was characterized by strict measures, including the prohibi-
tion of leaving the places of residence, with exceptions for work and basic needs (gro-
cery shopping and getting medical support). Movements by car or public transport within 
the city were allowed only with special permission. Air, railway, and inter-city travel were 
restricted, except for the state flights and movements of services that ensure public health. 
All educational institutions, such as schools, and universities were closed or transferred 
to online learning for the whole lockdown period. Places of entertainment and sports 
and  small and medium-sized enterprises that do not produce vital products were closed. 
Power plants and Heating boiler stations continued their operation during lockdown 
because they were listed as “life-supporting facilities”.

2.3 � Data Collection and Pre‑processing

TSP, NO2, SO2, and CO data for the eight selected cities were obtained for January 2018 
to August 2020 from the National Hydrometeorological Service of Kazakhstan “Kazhy-
dromet”, which is the owner and operator of the NAQMN. Measurements from 28 moni-
toring stations were analyzed in this study: two stations in Aktau, five stations in Almaty, 
two stations in Atyrau, four stations in Karagandy, four stations in Nur-Sultan, two sta-
tions in Petropavlovsk, four stations in Shymkent, and five stations in Ust-Kamenogorsk 
(Table SM3). TSP, NO2, SO2, and CO were measured using the gas sampler (aspirator) 
OP-824TTs, gas analyzer K-100 and filters AFA-PV-20–1 for the aspirator OP-280 (all 
made in Russia). “Kazhydromet” publishes data on air pollutants in information bulletins 
on a monthly and annual basis. Manual air quality measurements are carried out 3–4 times 
a day. Descriptive statistics of the pollutant concentrations over the spring period by years 
are presented in Table 2 and data over winter by years is presented in Table SM4.

The wind speed, wind direction, temperature, relative humidity, and precipitation were 
obtained from the http://​rp5.​kz website (Table  3) (Rp5.kz Reliable Prognosis-5  2021), 
which collects data from the National Oceanic and Atmospheric Administration (USA). 
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Locations of meteorological stations and descriptive statistics for the meteorology data are 
presented in Tables SM5 and SM6, respectively.

2.4 � Method of Analysis

This study uses a comparative approach to analyze the impact of the COVID-19 lockdown 
on the atmospheric environment in the eight regionally representative cities. The period 
20 January–15 March will be mentioned herein as ‘winter’, while the period 16 March–11 
May will be mentioned as ‘spring.’ These terms were chosen to refer to the similar periods 
of pre-lockdown in previous years 2018 and 2019, and lockdown in 2020. The selection of 
the cities was based on their importance (administrative centers) and location in different 
regions of the country (North, South, West, Center, East). To distinguish trends in annual 
changes, the concentration of air pollutants during the ‘winter’ period was compared with 
the same period in the previous years (2018–2020). Additionally, meteorological param-
eters were assessed for the same periods, and their possible impacts on the air quality levels 
were discussed.

The mean of temperature, humidity, wind speed, pollutant concentrations, and the 
cumulative amount of precipitation during the winter and spring periods in 2018, 2019 and 
2020 were calculated. The percent difference between them was calculated according to 
the Eqs. (1) and (2):

Statistical difference was tested using the paired samples t-test (two-tailed) at a 95% 
confidence level. Concentrations of pollutants were log-transformed to reduce the skew-
ness and conform them to normality. Normality of data and outliers were identified using 
respective histograms and boxplots.

The correlation between meteorological parameters and log-transformed concentrations 
of pollutants was assessed using the Spearman correlation coefficients to find a core rela-
tionship between concentrations of pollutants as well as their relationship with tempera-
ture, relative humidity, and wind speed (Oduber et al. 2019) using daily average concentra-
tions in winter and spring periods of 2018–2020. Spearman’s rank correlation coefficient 
is a non-parametric degree of dependence of two variables described by a monotonic func-
tion. Coefficients of correlation have values between + 1 and -1, depending on the sign of 
the relationship.

3 � Results and Discussion

3.1 � Meteorological Data Analysis

Table  3 summarizes the meteorological data (air temperature, relative humidity, wind 
speed, and cumulative precipitation) for the selected cities for the winter and spring of 2020 
and the same periods of 2018 and 2019. In comparison to other cities, the most northern 

(1)% Difference between years =
C(2020) − C(2019 − 2018)

C(2019 − 2018)
⋅ 100

(2)% Seasonal dif ference =
C(spring) − C(winter)

C(winter)
⋅ 100
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cities in this study, Karagandy, Nur-Sultan, Petropavlovsk and Ust-Kamenogorsk, had the 
lowest average temperature values ranging from -12.4 ºC to -15.1 ºC in winter and from 2.8 
ºC to 6.3 ºC in spring for 2018–2020 (Table 3). Other cities are in southern latitudes and, 
thus, are characterized by higher temperature values (Fig. 2). The average temperature var-
ies from -3.8 ºC to 3.5 ºC during the winter and from 11.2 ºC to 14.4 ºC during the spring 
of 2018–2019. It should be noted that for all cities, except for Shymkent, the winter of 
2020 was characterized by higher temperatures than the winter of 2018–2019. In addition, 
the northern cities (Karagandy, Nur-Sultan, Petropavlovsk, and Ust-Kamenogorsk) experi-
enced significantly higher spring temperatures in 2020 than in 2018–2019.

The highest wind speed values for 2018–2019 were observed in Aktau, Atyrau and 
Petropavlovsk (from 3.4 to 3.9 m/s), and the lowest in Almaty (0.3 m/s). In other cities, 
the values for wind speed varied from 1.6 to 2.8 m/s. The values of cumulative precipita-
tion tend to increase from winter to spring in all cities, except for Shymkent in 2018–2019 
(Table 3).

The amplitude between winter and summer temperature values is considerable due to 
the severe continental climate. The natural transition from winter to spring causes signifi-
cant temperature differences before and during the lockdown. The average temperature in 
the winter of 2020 was 5.0, 1.4, 2.2, -7.1, -7.0, -6.9, 4.1, -6.3 ºC, and in the spring of 
2020 – 11.7, 12.8, 11.8, 7.7, 8.4, 7.5, 14.8, 8.5 ºC for Aktau, Almaty, Atyrau, Karagandy, 
Nur-Sultan, Petropavlovsk, Shymkent, and Ust-Kamenogorsk, respectively. In all consid-
ered cities, the relative humidity values were lower in spring than in winter 2020, with 
differences ranging from 9 to 21%. The relative humidity values in the spring of 2020 were 
lower than in the spring of 2018–2019. The spring period of 2020 was also characterized 
by lower precipitation values in Karagandy and Ust-Kamenogorsk, and higher precipita-
tion values in Shymkent compared to the spring of 2018–2019. The values for wind speed 
in the spring of 2020 did not change significantly compared to the spring of 2018–2019, 
except for Nur-Sultan (decreased by 15.4%) and Petropavlovsk (increased by 20.0%).

3.2 � Seasonal Variations of Air Pollutants

Table 4 presents the retrieved data on air quality parameters for the selected cities during 
the winter and spring of 2018–2020. The impact of the heating season on air quality in the 
cities under consideration was assessed by comparing air pollutant concentrations in the 
winter with spring in 2018–2019. Thus, the 2020 year was not considered in this subsec-
tion, because the aim was to analyze the seasonal variations without the lockdown effect.

Fig. 2   Average daily temperature from 20 January to 11 May in eight cities: 2018 – 2019 (left), 2020 (right)
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During the study period, selected cities are characterized by varying NO2, CO, TSP, 
and SO2 concentrations (Table 4). The results depicted that in most of the selected cit-
ies, CO and NO2 (in 6 and 4 cities out of 8, respectively) levels decreased in the spring 
compared to the winter, while the response to seasonal changes for SO2 and TSP was 
more complicated, as concentration levels decreased in some cities and increased in 
others.

Concentrations of CO dropped by 5–23% on average in spring in six cities (Aktau, 
Almaty, Karagandy, Nur-Sultan, Shymkent, and Ust-Kamenogorsk) compared to the 
winter concentrations in 2018–2019 (Table 4). NO2 levels declined in the spring (com-
pared to winter) in four cities: Almaty (31%), Atyrau (4%), Karagandy (12%), and 
Ust-Kamenogorsk (37%). Reductions in NO2 and CO can be explained by the seasonal 
decline of heat-production by coal-fired Combined Heat and Power plants (CHPs), 
which are one of the primary sources of NO2, and by the longer time required for auto-
mobile catalytic converters to reach operating temperature in winter (Gaffney and Mar-
ley 2009), which increases CO and NO2 emissions. The least significant reduction in 
NO2 was observed in Atyrau, where gas-fired power plants are used (Table  SM2). In 
contrast, there was a tendency for NO2 concentrations to increase in Shymkent (8%), 
and this is most likely due to the rapid increase of total vehicle number in the city by 
80% (26,719 vs 48,127 cars in December 2018 and May 2019, respectively) (Bureau of 
National Statistics 2020b).

In terms of SO2, the decline in concentration levels was observed in three cities: 
Almaty, Karagandy, and Ust-Kamenogorsk (by 15, 30, and 48%, respectively). In con-
trast, SO2 levels in Atyrau, Petropavlovsk, and Shymkent increased in the spring com-
pared to the winter levels (4%, 23%, and 17%, respectively).

In the spring compared to the winter, the concentrations of TSP decreased by 8%, 
9%, and 42% in Almaty, Petropavlovsk, and Ust-Kamenogorsk, respectively, whereas in 
Atyrau and Nur-Sultan, those levels increased by 29 and 100%, respectively. Previous 
studies attributed winter peaks in the TSP and PM2.5 levels to higher coal consumption 
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Fig. 3   Daily coal consumption in tones at the CHP-2 and CHP-3 in Almaty in 2018–2019 and 2020

 48  Page 16 of 26



Seasonal Variations and Effect of COVID‑19 Lockdown Restrictions…

1 3

during the heating season (Fig.  3) (Kerimray et  al. 2020a; Assanov et  al. 2021b) and 
poor dispersion conditions due to lower planetary boundary layer height (Ormanova 
et al. 2020; Tursumbayeva et al. 2022).

The days when NO2 and SO2 concentrations exceeded the WHO guideline limits for 
NO2 (25 µg/m3) and SO2 (40 µg/m3) show a general decreasing trend from winter to spring 
in the considered cities. In 2018, the number of days with NO2 exceedance in spring was 
7–80% lower compared to winter in studied cities, except Ust-Kamenogorsk and Petropav-
lovsk, where those increased by 79% and 16%, respectively. Most cities had low SO2 levels, 
except for industrial cities Karaganda and Ust-Kamenogorsk, which had colder weather 
conditions and days with SO2 levels exceeding the limit (Fig. 4). Karagandy had a sharper 
seasonal decrease of days exceeding SO2 (64% in 2018 and 68% in 2019) than Ust-Kame-
nogorsk (6.5% in 2019).

3.3 � The Effect of the Lockdown on the Concentration of Air Pollutants

Reduction of NO2, CO, TSP, and SO2 concentrations was observed during the lockdown 
in 2020, compared to respective periods in 2018–2019 for most cities. Compared to the 
same period in 2018–2019, NO2 concentrations have significantly decreased in four cit-
ies (Table 4). The highest decrease of NO2 concentrations was detected in Atyrau (-48%), 
while it was 15%, 28%, and 34% in Aktau, Almaty, and Petropavlovsk, respectively. Simi-
larly, there was a reduction observed for Almaty during lockdown by 35% (Kerimray et al. 

//

/ /

Fig. 4   Number of days exceeding WHO daily limit values during winter (A) and spring (B)
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2020b). This drop can be attributed to the limitations imposed on  transport usage in the 
cities, where in all cities, except Atyrau, only life-supporting facilities and delivery of 
essential goods were allowed to operate during the lockdown. Similar reductions have been 
reported in many other cities around the world, such as Wuhan (57%) (Pei et al. 2020), Ber-
lin (40%) (von Schneidemesser et al. 2021), Madrid (50%) (Baldasano 2020), Barcelona 
(62%) (Baldasano 2020), New York (40%) (Chen et al. 2020a) and others. In other stud-
ied cities, the change in NO2 concentrations during the lockdown period was insignificant 
compared to the same period in 2018–2019.

In some cities annual air quality changes occurred, which were estimated by comparing 
winter 2020 with the same period in the previous years. The reduction in NO2 pollution in 
Atyrau during the lockdown can be only partially related to restrictions since the city expe-
rienced a general decline in NO2 in winter 2020 compared to winter 2018–2019 (-35%). 
The NO2 concentrations in Shymkent did not change considerably during the lockdown 
period compared to the same period in 2018–2019. However, considering that the NO2 
concentrations have an increasing annual trend in winter, the concentrations of NO2 show a 
sharp decrease during the lockdown measures (Table 4).

Despite the reduction in NO2 levels caused by the lockdown period, the number of days 
with NO2 concentrations exceeding the WHO limits stayed nearly the same in all studied 
cities except Petropavlovsk. In this study, the results for NO2 in Ust-Kamenogorsk are com-
parable with those of Assanov et al. (Assanov et al. 2021a). However, there is a difference 
in obtained results on CO, SO2, and TSP in this study compared to the study by Assa-
nov et al. (2021a), which are likely due to the differences in the definition of treatment (or 
studied) periods (emergency period vs. lockdown), years (2018–2020 vs. 2016–2020) and 
methodology.

The substantial decline of CO concentrations during the lockdown period was also 
observed in five considered cities. The reductions in the level of CO in Almaty, Shymkent, 
Atyrau, Petropavlovsk, and Nur-Sultan varied from 13 to 65%. Nur-Sultan and Petropav-
lovsk did not conclusively demonstrate that the lockdown measures solely caused the 
observed decrease because winter 2020 was characterized by a similar decrease in CO. 
Even though air quality in Atyrau has also improved annually in 2020, an unusual sea-
sonal drop in CO in 2020 (-31%) was observed, which may indicate that quarantine meas-
ures contributed to this improvement in spring. Data from additional monitoring stations 
allowed the earlier studies (Kerimray et al. 2020b) to identify the declining trend in CO 
detected in Almaty. CO levels fell in numerous other cities worldwide with COVID-19 
limitations (Collivignarelli et al. 2020; Allu et al. 2021; Bera et al. 2021; Tian et al. 2021).

SO2 levels decreased significantly in three cities (Aktau, Almaty, and Shymkent), while 
in Ust-Kamenogorsk and Petropavlovsk, SO2 climbed by 19% and 25%, respectively, dur-
ing the lockdown period compared to the same periods in 2018–2019. General air qual-
ity trends may be partially responsible for reduced SO2 in Aktau and increased SO2 in 
Petropavlovsk during the lockdown period. In Nur-Sultan, Atyrau, and Karagandy, changes 
in SO2 level were negligible during the lockdown compared with spring in 2018–2019. 
The lockdown measures did not impact the operation of industries and power and heating 
plants, and this can explain the slight changes or increases in SO2 concentrations during 
the lockdown. Similar findings with varying trends of SO2 concentration in different cities 
within the country were described in other studies (Filonchyk et al. 2021).

The concentrations of TSP declined significantly by 6–72% in Nur-Sultan, Petropav-
lovsk, Aktau, Karagandy, Shymkent, and Ust-Kamenogorsk during the lockdown period in 
comparison with spring in 2018–2019. For all cities, except Shymkent, the effect of restric-
tions was unclear due to a comparable 14–58% reduction in TSP in winter in 2020. Only 
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in Aktau and in Nur-Sultan atypical seasonal TSP trends in 2020 could imply that restric-
tion contributed to TSP decline. On the contrary, the concentrations of TSP increased in 
Almaty during the lockdown, and a similar increase was observed in winter.

Ust-Kamenogorsk and Karagandy are cities located in the north (with severely cold 
winters) and they are industrial centers where coal-burning and industry are strongly 
affecting air quality. Only these two cities (out of 8 cities) experienced days that exceeded 
SO2 limit values established by WHO in the winter period (16–49 of 57 days) and in the 
spring period (8–57 of 57 days) each year in 2018–2020. Improvements in air quality dur-
ing the lockdown were not noticed in Ust-Kamenogorsk and Karagandy, where most indus-
trial facilities and coal-based CHPs continued to run normally. The only exception to this 
was TSP levels. At the same time, a decline in TSP levels in both cities did not indicate the 
lockdown effect, as reductions in TSP levels were observed in winter 2020 compared to 
the same period in 2018–2019. For China, SO2 decreased in 309 out of 366 cities during 
the lockdown due to reduced emissions from secondary industries, which activities were 
prohibited during the pandemic (Wang et al. 2020). SO2 levels in Ust-Kamenogorsk dra-
matically increased by 19% during the lockdown compared to spring 2018–2020, possibly 
to the rise of coal burning by households.

3.4 � Spearman’s Correlation Analysis

Table  5 presents the correlation coefficients between air pollutants (NO2, CO, TSP, and 
SO2) and meteorological parameters in the cities of Kazakhstan during the winter and 
spring periods of 2018–2020.

Concentrations of air pollutants showed weak to strong correlation with each other, as 
well as with meteorological parameters (ρ varied from 0.01 to 0.76) (Table 5). Wind speed 
can substantially impact air quality (Li et al. 2019). Wind speed had a significant negative 
correlation (two-tailed, p < 0.0005) with concentrations of CO (in 4 out of 8 studied cit-
ies), with NO2 (in 2 out of 8 cities), with SO2 (in Karagandy and Ust-Kamenogorsk). TSP 
concentrations negatively correlated with wind speed in Karagandy and Ust-Kamenogorsk, 
improving the air quality due to horizontal dispersion. However, Atyrau wind speed had a 
strong positive correlation with TSP (ρ = 0.70), indicating possible contribution of wind-
carried suspended particles. A similar positive but insignificant correlation was observed 
for Aktau. It is noteworthy that both cities are located near the Caspian Sea, which could be 
a common source of particles (Prijith et al. 2014). Horizontal dispersion with wind speed 
was also observed for NO2 in Almaty and Ust-Kamenogorsk; both cities have low average 
wind speed with frequent calm weather (Table 3).

Temperature is one of the main factors influencing atmospheric air pollution (Barzeghar 
et al. 2022). A strong negative correlation with temperature was observed for CO concen-
trations in all studied cities, especially for Almaty, Karagandy, Ust-Kamenogorsk, and 
Nur-Sultan, indicating improved air quality during warmer periods. TSP concentrations 
significantly negatively correlated with temperature in Karagandy, Ust-Kamenogorsk, and 
Petropavlovsk (ρ = -0.27, -0.61, and -0.20, respectively), most probably due to the end of 
the heating season and thus lesser amount of coal use. SO2 concentrations had similar cor-
relations with temperature with significant and strong negative correlation in Karagandy, 
Ust-Kamenogorsk, as well as in Almaty. All three cities are heated with coal during winter, 
therefore, warmer periods have improved air quality due to lesser fossil fuel use. 4 out of 8 
studied cities had an insignificant correlation of NO2 with temperature, except for Almaty, 
Atyrau, Karagandy, and Ust-Kamenogorsk due to similar reasons.
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Table 5   Spearman correlation 
between the concentration of 
pollutants and meteorological 
parameters in 2018 – 2020

City Parameter TSP SO2 CO NO2

Aktau TSP 1.0* 0.56* 0.02 0.28*
SO2 0.56* 1.0* 0.15 0.57*
CO 0.02 0.15 1.0* 0.28*
NO2 0.28* 0.57* 0.28* 1.0*
Temperature 0.01 -0.01 -0.22* -0.05
Humidity -0.26* -0.02 0.19* -0.02
Wind speed 0.09 -0.07 -0.26* -0.15

Almaty TSP 1.0* 0.25* 0.44* 0.26*
SO2 0.25* 1.0* 0.29* 0.33*
CO 0.44* 0.29* 1.0* 0.59*
NO2 0.26* 0.33* 0.59* 1.0*
Temperature 0.14 -0.15* -0.28* -0.37*
Humidity -0.49* 0.02 -0.07 0.04
Wind speed -0.03 -0.1 -0.25* -0.23*

Atyrau TSP 1.0* 0.07 0.03 -0.01
SO2 0.07 1.0* 0.0 -0.09
CO 0.03 0.0 1.0* 0.76*
NO2 -0.01 -0.09 0.76* 1.0*
Temperature 0.17 0.13 -0.25* -0.29*
Humidity -0.26* -0.05 0.2 0.23
Wind speed 0.7* -0.03 -0.02 -0.11

Karagandy TSP 1.0* 0.28* 0.45* 0.34*
SO2 0.28* 1.0* 0.48* 0.39*
CO 0.45* 0.48* 1.0* 0.43*
NO2 0.34* 0.39* 0.43* 1.0*
Temperature -0.27* -0.63* -0.41* -0.32*
Humidity -0.1 0.28* 0.05 0.16
Wind speed -0.25* -0.31* -0.46* -0.19

Nur-Sultan TSP 1.0* -0.02 0.13 0.04
SO2 -0.02 1.0* -0.07 0.06
CO 0.13 -0.07 1.0* 0.16*
NO2 0.04 0.06 0.16* 1.0*
Temperature 0.07 0.0 -0.43* -0.02
Humidity -0.07 0.06 0.09 0.06
Wind speed -0.02 0.12 -0.17 -0.03

Petropavlovsk TSP 1.0* 0.11 0.18* 0.07
SO2 0.11 1.0* -0.15 0.13
CO 0.18* -0.15 1.0* 0.06
NO2 0.07 0.13 0.06 1.0*
Temperature -0.2* 0.2* -0.2* 0.11
Humidity 0.04 -0.06 0.04 0.19*
Wind speed -0.18 0.13 -0.21* -0.15
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Relative humidity (RH) had no significant correlation with concentrations of NO2 
and CO in the majority of the cities. A few significant positive correlations are partially 
due to the common correlation of concentrations of these pollutants and RH with tem-
perature since winters are generally characterized by high relative humidity (Table 3). 
There was a significant negative correlation of TSP in Aktau, Almaty, and Atyrau with 
RH (higher than their correlation with temperature). This may be due to the settling 
effect of RH since it hinders the movement of coarse particles in the air. On the other 
hand, in Ust-Kamenogorsk, a significant positive correlation of TSP with RH was 
observed, which is probably due to a stronger correlation of TSP with temperature. Sig-
nificant correlation with RH for SO2 was observed only for Karagandy and Ust-Kame-
nogorsk mostly due to their common correlation with temperature.

SO2 concentrations correlated (two-tailed, p < 0.0005) with TSP in 5 out of 8 selected 
cities. Although most of them had a significant positive correlation, it was exceptionally 
strong in Ust-Kamenogorsk and Aktau (ρ = 0.63 and 0.53), suggesting their common 
source in these cities. A moderately strong positive correlation between NO2 and SO2 
was observed for most cities (ρ from 0.33 to 0.65), except for Atyrau, Nur-Sultan, and 
Petropavlovsk.

In general, Petropavlovsk is characterized by a low correlation of air pollutants 
concentration with meteorological parameters and between each other, and often with 
drastically different trends, compared to other cities with similar emission sources. 
This indicates this city’s highly complex nature of air pollution, which requires further 
detailed analysis.

TSP concentrations correlated with CO moderately strongly in most of the studied cit-
ies, except for Aktau, Atyrau, and Nur-Sultan. This may suggest that fossil fuel use is the 
major contributing source to the concentration of suspended particulates in Almaty, Kara-
gandy, Petropavlovsk, Shymkent, and Ust-Kamenogorsk. Moderate positive correlations of 
TSP with NO2 were observed for Karagandy, and Ust-Kamenogorsk, Almaty, and Aktau.

Table 5   (continued) City Parameter TSP SO2 CO NO2

Shymkent TSP 1.0* 0.29* 0.68* 0.25

SO2 0.29* 1.0* 0.39* 0.56*

CO 0.68* 0.39* 1.0* 0.42*

NO2 0.25 0.56* 0.42* 1.0*

Temperature -0.24 0.02 -0.22* 0.02

Humidity 0.01 0.11 0.01 0.08

Wind speed 0.1 0.02 0.09 0.02
Ust-Kamenogorsk TSP 1.0* 0.63* 0.6* 0.64*

SO2 0.63* 1.0* 0.43* 0.65*
CO 0.6* 0.43* 1.0* 0.42*
NO2 0.64* 0.65* 0.42* 1.0*
Temperature -0.61* -0.52* -0.39* -0.48*
Humidity 0.34* 0.25* 0.19 0.33*
Wind speed -0.36* -0.31* -0.11 -0.31*

* – statistically significant (p ≤ 0.0005)
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NO2 concentrations significantly correlated with CO concentrations in 7 out of 8 stud-
ied cities, except for Petropavlovsk. A strong correlation was observed for Atyrau, Almaty, 
Karagandy, Shymkent, and Ust-Kamenogorsk (ρ from 0.42 to 0.76), probably because they 
are emitted from a single major source.

4 � Conclusions

The effect of the heating season, meteorological parameters, and COVID-19 lockdown on 
air quality in eight cities in Kazakhstan were investigated using the National Air Quality 
Monitoring Network data. The studied eight cities are spread across Kazakhstan, with var-
ying topography, meteorological conditions, and emissions sources with varying meteoro-
logical, topographical, and emission sources. The selected cities have different air emission 
profiles: Almaty, Shymkent, and Nur-Sultan are urban populous cities; Karaganda, Ust-
Kamenogorsk, and Petropavlovsk are cities with metallurgical industry and/or high reli-
ance on coal; Aktau and Atyrau are cities with the oil industry.

There were varying responses to the COVID-19 lockdown by city and by pollutant. 
NO2 and CO concentrations exhibited a decline in 5 and 3 cities out of 8 studied, respec-
tively. During the lockdown, the mean NO2 concentrations decreased from 14 to 48% in 
Aktau, Almaty, Atyrau, Shymkent, and Petropavlovsk, while CO average concentrations 
in Almaty, Atyrau, Nur-Sultan, Petropavlovsk, and Shymkent fell by 13–65%. However, in 
some cases, there were annual trends for improvement/worsening of air quality levels. As 
an example, the decrease in CO concentration in Petropavlovsk and Nur-Sultan was associ-
ated with an annual trend, which showed a decrease in CO levels in winter and spring 2020. 
SO2 concentration responses to the lockdown are quite geographically dependent. The SO2 
concentrations decreased in Aktau, Almaty, and Shymkent, increased in Ust-Kamenogorsk 
and Petropavlovsk, and kept unchanged in Atyrau, Karagandy, and Nur-Sultan. In con-
trast, the COVID-19 lockdown exerted a significant influence on TSP concentrations and 
resulted in a decline from 17 to 72% in 3 out of 8 cities.

Analysis of the seasonal variations (winter/spring) in 2018–2019 demonstrated that the 
response was also different by pollutant type and city. Significant differences were found 
in the response of TSP, NO2, CO, and SO2 to the heating season. The findings showed 
that CO and NO2 levels reduced in the spring compared to the winter in most of the exam-
ined cities (6 and 4 cities out of 8, respectively). The response to seasonal fluctuations for 
SO2 and TSP was more convoluted as concentration levels declined in some cities while 
increasing in others.

In two industrial cities located in cold regions (Ust-Kamenogorsk and Karagandy), the 
air quality did not improve during the lockdown, possibly because most industrial facilities 
and coal-based Combined Heat and Power plants (CHPs) continued to run normally during 
COVID-19 lockdown. While in these two industrial cities seasonal variations were most 
pronounced compared to other cities. Consequently, the response to COVID-19 lockdown 
was not uniform by pollutant and city. Air quality levels exceeded WHO limit values dur-
ing the lockdown. Therefore, understanding the contribution of sources in the considered 
cities is still vague.

This research has raised the significant air pollution issues in big cities of Kazakh-
stan, which requires a vast amount of further investigation, mainly concentrating on 
source apportionment. The complex relation between emissions, meteorology, diurnal, 
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and seasonal variations, and chemical transformations in the atmosphere in the cities of 
Kazakhstan needs to be explored in future research studies.

The strengths of this study include: i) a relatively large number of observations for air pol-
lutants concentrations with good spatial and temporal granularity; ii) selection of eight cities 
with different climatic and geographic conditions, and varying profiles of sources of emissions 
(urban, industrial); and iii) study effect of traffic-free conditions on air quality improvement. 
The limitations of this study are linked to air quality monitoring: i) manual sampling methods; 
ii) Total Suspended Particles were analyzed instead of PM2.5 (for which monitoring data is not 
yet sufficient and/or available); and iii) lack of data on the concentration of the major air pol-
lutants such as ozone and volatile organic compounds.

The obtained results of the study could be used to develop action plans for improving air 
quality. Decision-makers should focus on improving the continuous and reliable air monitor-
ing system, increasing the number of stations, and the number of monitored pollutants, espe-
cially by separate monitoring of TSP fractions: PM10 and PM2.5. Moreover, action plans for air 
quality improvement should include strict techniques for reducing, eliminating, or preventing 
air emissions. The low-grade with a high ash content coal used by households and CHPs for 
obtaining electricity and heating should be gradually banned, replaced with better quality, or 
with alternative fuel types (natural gas). CHPs and vehicles should use advanced emission 
control technologies. Strict standards for transport, industries, and power plant emissions are 
urgently required. This study provides the different contexts of air quality changes, which is 
extremely important for a large country like Kazakhstan. Since other countries in Central Asia 
also suffer from air quality challenges and often share similar conditions, this study can also 
have comprehensive applications to other countries.

Supplementary Information  The online version contains supplementary material available at https://​doi.​
org/​10.​1007/​s40710-​022-​00603-w.

Acknowledgements  The authors would like to thank RSE “Kazhydromet” and Non-profit Public Fund 
“AirVision.kz” for providing data. The authors are grateful to Mr. Ravkat Mukhtarov and Dr. Madi Abilev 
(Al-Farabi Kazakh National University) for their comments and improvements to the final version of the 
manuscript.

Author’s Contributions  NB and AK contributed to the study conception and design. Data collection and 
analysis were performed by AO, AM and MT. OI and BB wrote the first draft of the manuscript and all 
authors commented on previous versions of the manuscript. All authors read and approved the final 
manuscript.

Funding  This research was funded by the Science Committee of the Ministry of Education and Science of 
the Republic of Kazakhstan (Grants No. BR10965258) and the Ministry of Education and Science of the 
Republic of Kazakhstan (Ph.D. scholarship of Madina Tursumbayeva).

Data Availability  The datasets generated during and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations 

Competing Interest  No potential conflict of interest is reported by the authors. The authors declare that they 
have no known competing financial interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Page 23 of 26 48

https://doi.org/10.1007/s40710-022-00603-w
https://doi.org/10.1007/s40710-022-00603-w


N. Baimatova et al.

1 3

References

Akimat of Mangystau Region (2017) Development program of Aktau 2016–2020. https://​caspiy.​kz/​wp-​
conte​nt/​uploa​ds/​2020/​04/​progr​amma_​razvi​tiya_​mangi​staus​koj-​oblas​ti-​na-​2016-​2020-​gody.​pdf. 
Accessed 14 June 2022

Akimat of Shymkent City (2020) Development program of the city of Shymkent for 2021–2025. https://​
shymk​ent-​masli​hat.​kz/​ru/​progr​amma-​razvi​tiya-​shymk​ent-​2025/. Accessed 14 June 2022

Allu SK, Reddy A, Srinivasan S, Maddala RK, Anupoju GR (2021) Surface ozone and its precursor 
gases concentrations during COVID-19 lockdown and pre-lockdown periods in Hyderabad City, 
India. Environ Process 8:959–972. https://​doi.​org/​10.​1007/​s40710-​020-​00490-z

Ash’aari ZH, Aris AZ, Ezani E, Ahmad Kamal NI, Jaafar N, Jahaya JN, Manan SA, Umar Saifuddin MF 
(2020) Spatiotemporal variations and contributing factors of air pollutant concentrations in Malay-
sia during movement control order due to pandemic COVID-19. Aerosol Air Qual Res 20:2047–
2061. https://​doi.​org/​10.​4209/​aaqr.​2020.​06.​0334

Assanov D, Kerimray A, Batkeyev B, Kapsalyamova Z (2021a) The effects of COVID-19-related driving 
restrictions on air quality in an industrial city. Aerosol Air Qual Res 21:200663. https://​doi.​org/​10.​
4209/​aaqr.​200663

Assanov D, Zapasnyi V, Kerimray A (2021b) Air quality and industrial emissions in the cities of 
Kazakhstan. Atmosphere 12:314. https://​doi.​org/​10.​3390/​atmos​12030​314

Baldasano JM (2020) COVID-19 lockdown effects on air quality by NO2 in the cities of Barcelona and 
Madrid (Spain). Sci Total Environ 741:140353. https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​140353

Barzeghar V, Hassanvand MS, Faridi S, Abbasi S, Gholampour A (2022) Long-term trends in ambient 
air pollutants and the effect of meteorological parameters in Tabriz. Iran Urban Clim 42:101119. 
https://​doi.​org/​10.​1016/j.​uclim.​2022.​101119

Bera B, Bhattacharjee S, Shit PK, Sengupta N, Saha S (2021) Significant impacts of COVID-19 lock-
down on urban air pollution in Kolkata (India) and amelioration of environmental health. Environ 
Dev Sustain 23:6913–6940. https://​doi.​org/​10.​1007/​s10668-​020-​00898-5

Bontempi E, Carnevale C, Cornelio A, Volta M, Zanoletti A (2022) Analysis of the lockdown effects due 
to the COVID-19 on air pollution in Brescia (Lombardy). Environ Res 212:113193. https://​doi.​org/​
10.​1016/j.​envres.​2022.​113193

Bureau of National Statistics (2020a) Population of the Republic of Kazakhstan by regions and capital. 
https://​stat.​gov.​kz/​offic​ial/​indus​try/​61/​stati​stic/7. Accessed 14 June 2022

Bureau of National Statistics (2020b) On the number of passenger cars. https://​stat.​gov.​kz/​api/​getFi​le/?​
docId=​ESTAT​400240. Accessed 14 June 2022

Chelani A, Gautam S (2021) Lockdown during COVID-19 pandemic: A case study from Indian cities 
shows insignificant effects on persistent property of urban air quality. Geosci Front 101284. https://​
doi.​org/​10.​1016/j.​gsf.​2021.​101284

Chen LA, Chien L, Li Y, Lin G (2020a) Nonuniform impacts of COVID-19 lockdown on air quality over 
the United States. Sci Total Environ 745:13–16. https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​141105

Chen Q-X, Huang C-L, Yuan Y, Tan H-P (2020b) Influence of COVID-19 event on air quality and their 
association in Mainland China. Aerosol Air Qual Res 20:1541–1551. https://​doi.​org/​10.​4209/​aaqr.​
2020.​05.​0224

Collivignarelli MC, Abbà A, Bertanza G, Pedrazzani R, Ricciardi P, Carnevale Miino M (2020) Lock-
down for CoViD-2019 in Milan: What are the effects on air quality? Sci Total Environ 732:1–9. 
https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​139280

Darynova Z, Amouei Torkmahalleh M, Abdrakhmanov T, Sabyrzhan S, Sagynov S, Hopke PK, 
Kushta J (2020) SO2 and HCHO over the major cities of Kazakhstan from 2005 to 2016: influ-
ence of political, economic and industrial changes. Sci Rep 10:12635. https://​doi.​org/​10.​1038/​
s41598-​020-​69344-w

Filonchyk M, Hurynovich V, Yan H (2021) Impact of COVID-19 pandemic on air pollution in Poland 
based on surface measurements and satellite data. Aerosol Air Qual Res 21:200472. https://​doi.​org/​
10.​4209/​aaqr.​200472

Gaffney JS, Marley NA (2009) The impacts of combustion emissions on air quality and climate - From 
coal to biofuels and beyond. Atmos Environ 43:23–36. https://​doi.​org/​10.​1016/j.​atmos​env.​2008.​09.​
016

Gautam S (2020) COVID-19: air pollution remains low as people stay at home. Air Qual Atmos Heal 
13:853–857. https://​doi.​org/​10.​1007/​s11869-​020-​00842-6

Ginzburg AS, Semenov VA, Semutnikova EG, Aleshina MA, Zakharova PV, Lezina EA (2020) Impact of 
COVID-19 lockdown on air quality in Moscow. Dokl Earth Sci 495:862–866. https://​doi.​org/​10.​1134/​
S1028​334X2​01100​69

 48  Page 24 of 26

https://caspiy.kz/wp-content/uploads/2020/04/programma_razvitiya_mangistauskoj-oblasti-na-2016-2020-gody.pdf
https://caspiy.kz/wp-content/uploads/2020/04/programma_razvitiya_mangistauskoj-oblasti-na-2016-2020-gody.pdf
https://shymkent-maslihat.kz/ru/programma-razvitiya-shymkent-2025/
https://shymkent-maslihat.kz/ru/programma-razvitiya-shymkent-2025/
https://doi.org/10.1007/s40710-020-00490-z
https://doi.org/10.4209/aaqr.2020.06.0334
https://doi.org/10.4209/aaqr.200663
https://doi.org/10.4209/aaqr.200663
https://doi.org/10.3390/atmos12030314
https://doi.org/10.1016/j.scitotenv.2020.140353
https://doi.org/10.1016/j.uclim.2022.101119
https://doi.org/10.1007/s10668-020-00898-5
https://doi.org/10.1016/j.envres.2022.113193
https://doi.org/10.1016/j.envres.2022.113193
https://stat.gov.kz/official/industry/61/statistic/7
https://stat.gov.kz/api/getFile/?docId=ESTAT400240
https://stat.gov.kz/api/getFile/?docId=ESTAT400240
https://doi.org/10.1016/j.gsf.2021.101284
https://doi.org/10.1016/j.gsf.2021.101284
https://doi.org/10.1016/j.scitotenv.2020.141105
https://doi.org/10.4209/aaqr.2020.05.0224
https://doi.org/10.4209/aaqr.2020.05.0224
https://doi.org/10.1016/j.scitotenv.2020.139280
https://doi.org/10.1038/s41598-020-69344-w
https://doi.org/10.1038/s41598-020-69344-w
https://doi.org/10.4209/aaqr.200472
https://doi.org/10.4209/aaqr.200472
https://doi.org/10.1016/j.atmosenv.2008.09.016
https://doi.org/10.1016/j.atmosenv.2008.09.016
https://doi.org/10.1007/s11869-020-00842-6
https://doi.org/10.1134/S1028334X20110069
https://doi.org/10.1134/S1028334X20110069


Seasonal Variations and Effect of COVID‑19 Lockdown Restrictions…

1 3

Gopikrishnan GS, Kuttippurath J, Raj S, Singh A, Abbhishek K (2022) Air quality during the COVID–
19 lockdown and unlock periods in India analyzed using satellite and ground-based measurements. 
Environ Process 9:28. https://​doi.​org/​10.​1007/​s40710-​022-​00585-9

Government decree (2020) In which cities of Kazakhstan lockdown and what is the regime in them. 
https://​online.​zakon.​kz/​Docum​ent/?​doc_​id=​34591​808. Accessed 14 June 2022

Hashim BM, Al-Naseri SK, Al-Maliki A, Al-Ansari N (2021) Impact of COVID-19 lockdown on NO2, 
O3, PM2.5 and PM10 concentrations and assessing air quality changes in Baghdad, Iraq. Sci Total 
Environ 754:141978. https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​141978

Helm D (2020) The environmental impacts of the coronavirus. Environ Resour Econ 76:21–38. https://​
doi.​org/​10.​1007/​s10640-​020-​00426-z

Huang X, Ding A, Gao J, Zheng B, Zhou D, Qi X, Tang R, Wang J, Ren C, Nie W, Chi X, Xu Z, Chen 
L, Li Y, Che F, Pang N, Wang H, Tong D, Qin W, Cheng W, Liu W, Fu Q, Liu B, Chai F, Davis SJ, 
Zhang Q, He K (2021) Enhanced secondary pollution offset reduction of primary emissions during 
COVID-19 lockdown in China. Natl Sci Rev 8:nwaa137. https://​doi.​org/​10.​1093/​nsr/​nwaa1​37

Ibragimova OP, Omarova A, Bukenov B, Zhakupbekova A, Baimatova N (2021) Seasonal and spatial 
variation of volatile organic compounds in ambient air of Almaty City, Kazakhstan. Atmosphere 
12:1592. https://​doi.​org/​10.​3390/​atmos​12121​592

International Green Technologies and Investment Projects Center (2019) National report on the transi-
tion of the Republic of Kazakhstan to a “green economy” 2017 - 2018. https://​igtipc.​org/​images/​
docs/​2020/​proekt_​dokla​da01.​pdf. Accessed 14 June 2022

IQAir.com (2021) World’s most polluted countries 2020 (PM2.5). https://​www.​iqair.​com/​world-​most-​
pollu​ted-​count​ries. Accessed 14 June 2022

Kerimray A, Azbanbayev E, Kenessov B, Plotitsyn P, Alimbayeva D, Karaca F (2020a) Spatiotemporal 
variations and contributing factors of air pollutants in Almaty, Kazakhstan. Aerosol Air Qual Res 
20:1340–1352. https://​doi.​org/​10.​4209/​aaqr.​2019.​09.​0464

Kerimray A, Baimatova N, Ibragimova OP, Bukenov B, Kenessov B, Plotitsyn P, Karaca F (2020b) 
Assessing air quality changes in large cities during COVID-19 lockdowns: The impacts of traffic-
free urban conditions in Almaty,  Kazakhstan. Sci Total Environ 730:139179. https://​doi.​org/​10.​
1016/j.​scito​tenv.​2020.​139179

Kerimray A, Rojas-Solórzano L, Amouei Torkmahalleh M, Hopke PK, Gallachóir Ó, BP, (2017) Coal 
use for residential heating: Patterns, health implications and lessons learned. Energy Sustain Dev 
40:19–30. https://​doi.​org/​10.​1016/j.​esd.​2017.​05.​005

Kroll JH, Heald CL, Cappa CD, Farmer DK, Fry JL, Murphy JG, Steiner AL (2020) The complex chem-
ical effects of COVID-19 shutdowns on air quality. Nat Chem 12:777–779. https://​doi.​org/​10.​1038/​
s41557-​020-​0535-z

Le T, Wang Y, Liu L, Yang J, Yung YL, Li G, Seinfeld JH (2020) Unexpected air pollution with marked 
emission reductions during the COVID-19 outbreak in China. Science 369:702–706. https://​doi.​
org/​10.​1126/​scien​ce.​abb74​31

Li J, Tartarini F (2020) Changes in air quality during the COVID-19 lockdown in Singapore and asso-
ciations with human mobility trends. Aerosol Air Qual Res 20:1748–1758. https://​doi.​org/​10.​4209/​
aaqr.​2020.​06.​0303

Li R, Wang Z, Cui L, Fu H, Zhang L, Kong L, Chen W, Chen J (2019) Air pollution characteristics 
in China during 2015–2016: Spatiotemporal variations and key meteorological factors. Sci Total 
Environ 648:902–915. https://​doi.​org/​10.​1016/j.​scito​tenv.​2018.​08.​181

Liu Q, Harris JT, Chiu LS, Sun D, Houser PR, Yu M, Duffy DQ, Little MM, Yang C (2021) Spatiotem-
poral impacts of COVID-19 on air pollution in California, USA. Sci Total Environ 750:141592. 
https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​141592

Lou B, Barbieri DM, Passavanti M, Hui C, Gupta A, Hoff I, Lessa DA, Sikka G, Chang K, Fang K, 
Lam L, Maharaj B, Ghasemi N, Qiao Y, Adomako S, Foroutan Mirhosseini A, Naik B, Banerjee 
A, Wang F, Tucker A, Liu Z, Wijayaratna K, Naseri S, Yu L, Chen H, Shu B, Goswami S, Peprah 
P, Hessami A, Abbas M, Agarwal N (2022) Air pollution perception in ten countries during the 
COVID-19 pandemic. Ambio 51:531–545. https://​doi.​org/​10.​1007/​s13280-​021-​01574-2

Ministry of Healthcare of the Republic of Kazakhstan (2021) Statistics of COVID-19 cases in Kazakh-
stan. https://​www.​coron​aviru​s2020.​kz/. Accessed 14 June 2022

Mousazadeh M, Paital B, Naghdali Z, Mortezania Z, Hashemi M, Karamati Niaragh E, Aghababaei M, 
Ghorbankhani M, Lichtfouse E, Sillanpää M, Hashim KS, Emamjomeh MM (2021) Positive envi-
ronmental effects of the coronavirus 2020 episode: a review. Environ Dev Sustain 23:12738–12760. 
https://​doi.​org/​10.​1007/​s10668-​021-​01240-3

Page 25 of 26 48

https://doi.org/10.1007/s40710-022-00585-9
https://online.zakon.kz/Document/?doc_id=34591808
https://doi.org/10.1016/j.scitotenv.2020.141978
https://doi.org/10.1007/s10640-020-00426-z
https://doi.org/10.1007/s10640-020-00426-z
https://doi.org/10.1093/nsr/nwaa137
https://doi.org/10.3390/atmos12121592
https://igtipc.org/images/docs/2020/proekt_doklada01.pdf
https://igtipc.org/images/docs/2020/proekt_doklada01.pdf
https://www.iqair.com/world-most-polluted-countries
https://www.iqair.com/world-most-polluted-countries
https://doi.org/10.4209/aaqr.2019.09.0464
https://doi.org/10.1016/j.scitotenv.2020.139179
https://doi.org/10.1016/j.scitotenv.2020.139179
https://doi.org/10.1016/j.esd.2017.05.005
https://doi.org/10.1038/s41557-020-0535-z
https://doi.org/10.1038/s41557-020-0535-z
https://doi.org/10.1126/science.abb7431
https://doi.org/10.1126/science.abb7431
https://doi.org/10.4209/aaqr.2020.06.0303
https://doi.org/10.4209/aaqr.2020.06.0303
https://doi.org/10.1016/j.scitotenv.2018.08.181
https://doi.org/10.1016/j.scitotenv.2020.141592
https://doi.org/10.1007/s13280-021-01574-2
https://www.coronavirus2020.kz/
https://doi.org/10.1007/s10668-021-01240-3


N. Baimatova et al.

1 3

Nguyen TPM, Bui TH, Nguyen MK, Nguyen TH, Vu VT, Pham HL (2022) Impact of Covid-19 partial 
lockdown on PM2.5, SO2, NO2, O3, and trace elements in PM2.5 in Hanoi, Vietnam. Environ Sci Pollut 
Res 29:41875–41885. https://​doi.​org/​10.​1007/​s11356-​021-​13792-y

Oduber F, Calvo AI, Blanco-Alegre C, Castro A, Vega-Maray AM, Valencia-Barrera RM, Fernández-
González D, Fraile R (2019) Links between recent trends in airborne pollen concentration, meteoro-
logical parameters and air pollutants. Agric for Meteorol 264:16–26. https://​doi.​org/​10.​1016/j.​agrfo​
rmet.​2018.​09.​023

Ormanova G, Karaca F, Kononova N (2020) Analysis of the impacts of atmospheric circulation patterns on 
the regional air quality over the geographical center of the Eurasian continent. Atmos Res 237:104858. 
https://​doi.​org/​10.​1016/j.​atmos​res.​2020.​104858

Pei Z, Han G, Ma X, Su H, Gong W (2020) Response of major air pollutants to COVID-19 lockdowns in 
China. Sci Total Environ 743:140879. https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​140879

Pey J, Cerro JC (2022) Reasons for the observed tropospheric ozone weakening over south-western Europe 
during COVID-19: Strict lockdown versus the new normal. Sci Total Environ 833:155162. https://​doi.​
org/​10.​1016/j.​scito​tenv.​2022.​155162

Pogodaiklimat.ru (2022) Climate monitor. http://​www.​pogod​aikli​mat.​ru/​monit​or.​php. Accessed 14 June 
2022

Prijith SS, Aloysius M, Mohan M (2014) Relationship between wind speed and sea salt aerosol produc-
tion: A new approach. J Atmos Solar-Terrestrial Phys 108:34–40. https://​doi.​org/​10.​1016/j.​jastp.​2013.​
12.​009

Rp5.kz Reliable Prognosis-5 (2021) Weather for 243 countries of the world. https://​rp5.​kz/​Weath​er_​in_​the_​
world. Accessed 14 June 2022

Şahin ÜA (2020) The Effects of COVID-19 Measures on air pollutant concentrations at urban and traffic 
sites in Istanbul. Aerosol Air Qual Res 20:1874–1885. https://​doi.​org/​10.​4209/​aaqr.​2020.​05.​0239

Sharma S, Zhang M, Anshika GJ, Zhang H, Kota SH (2020) Effect of restricted emissions during COVID-
19 on air quality in India. Sci Total Environ 728:138878. https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​
138878

Tian X, An C, Chen Z, Tian Z (2021) Assessing the impact of COVID-19 pandemic on urban transporta-
tion and air quality in Canada. Sci Total Environ 765:144270. https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​
144270

Tobías A, Carnerero C, Reche C, Massagué J, Via M, Minguillón MC, Alastuey A, Querol X (2020) 
Changes in air quality during the lockdown in Barcelona (Spain) one month into the SARS-CoV-2 
epidemic. Sci Total Environ 726:138540. https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​138540

Tursumbayeva M, Kerimray A, Karaca F, Permadi DA (2022) Planetary boundary layer and its relationship 
with PM2.5 concentrations in Almaty, Kazakhstan. Aerosol Air Qual Res 22:210294. https://​doi.​org/​10.​
4209/​aaqr.​210294

von Schneidemesser E, Sibiya B, Caseiro A, Butler T, Lawrence MG, Leitao J, Lupascu A, Salvador P 
(2021) Learning from the COVID-19 lockdown in Berlin: Observations and modelling to support 
understanding policies to reduce NO2 Atmos Environ X 12:100122. https://​doi.​org/​10.​1016/j.​aeaoa.​
2021.​100122

Wang Y, Yuan Y, Wang Q, Liu C, Zhi Q, Cao J (2020) Changes in air quality related to the control of 
coronavirus in China : Implications for traffic and industrial emissions. Sci Total Environ 731:139133. 
https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​139133

Zangari S, Hill DT, Charette AT, Mirowsky JE (2020) Air quality changes in New York City during the 
COVID-19 pandemic. Sci Total Environ 742:140496. https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​140496

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article is 
solely governed by the terms of such publishing agreement and applicable law.

 48  Page 26 of 26

https://doi.org/10.1007/s11356-021-13792-y
https://doi.org/10.1016/j.agrformet.2018.09.023
https://doi.org/10.1016/j.agrformet.2018.09.023
https://doi.org/10.1016/j.atmosres.2020.104858
https://doi.org/10.1016/j.scitotenv.2020.140879
https://doi.org/10.1016/j.scitotenv.2022.155162
https://doi.org/10.1016/j.scitotenv.2022.155162
http://www.pogodaiklimat.ru/monitor.php
https://doi.org/10.1016/j.jastp.2013.12.009
https://doi.org/10.1016/j.jastp.2013.12.009
https://rp5.kz/Weather_in_the_world
https://rp5.kz/Weather_in_the_world
https://doi.org/10.4209/aaqr.2020.05.0239
https://doi.org/10.1016/j.scitotenv.2020.138878
https://doi.org/10.1016/j.scitotenv.2020.138878
https://doi.org/10.1016/j.scitotenv.2020.144270
https://doi.org/10.1016/j.scitotenv.2020.144270
https://doi.org/10.1016/j.scitotenv.2020.138540
https://doi.org/10.4209/aaqr.210294
https://doi.org/10.4209/aaqr.210294
https://doi.org/10.1016/j.aeaoa.2021.100122
https://doi.org/10.1016/j.aeaoa.2021.100122
https://doi.org/10.1016/j.scitotenv.2020.139133
https://doi.org/10.1016/j.scitotenv.2020.140496

	Seasonal Variations and Effect of COVID-19 Lockdown Restrictions on the Air Quality in the Cities of Kazakhstan
	Abstract
	Highlights
	1 Introduction
	2 Methodology
	2.1 Study Area
	2.2 Restriction Μeasures
	2.3 Data Collection and Pre-processing
	2.4 Method of Analysis

	3 Results and Discussion
	3.1 Meteorological Data Analysis
	3.2 Seasonal Variations of Air Pollutants
	3.3 The Effect of the Lockdown on the Concentration of Air Pollutants
	3.4 Spearman’s Correlation Analysis

	4 Conclusions
	Acknowledgements 
	References


