
Russian MegaGrantȰMegapolis ɀÈÅÁÔ ÁÎÄ ÐÏÌÌÕÔÉÏÎ ÉÓÌÁÎÄȱ 

WP3 REPORT

The interaction of atmospheric aerosol with solar 

radiation and heat island in the urban environment and 

the synergy of the influence of heat waves and air 

pollution on population mortality.

LOMONOSOV MOSCOW STATE UNIVERSITY 

Natalia Chubarova on behalf of WP3 group participants

January 14 , 2022

UNIVERSITY OF HELSINKI



WP3. The interaction of atmospheric aerosol with solar radiation and heat island in the urban 
environment and the synergy of the influence of heat waves and air pollution on population mortality

Å ȵɋɖɋɝɋɓɢ Tasks ɖɆɇɔɝɋɉɔ ɕɆɐɋɘɆ 

UNIVERSITY OF HELSINKI LOMONOSOV MOSCOW STATE UNIVERSITY 

Working Plan of the WP3 for 2021:
Task 3.1 The analysis of long-term variability of atmospheric aerosol and its dynamics during the COVID-
19 pandemic and their relationship with heat island:

1. Quantitative estimates of long-term variations of AOT and solar radiation for the period up to 2020 in 
Moscow, features of atmospheric pollution and aerosol properties in the spring of the COVID-19 
pandemic. (Results - Archives, results of primary data analysis, results of aerosol pollution assessment 
during the COVID period. Radiation measurements, calibration of instruments based on the Moscow 
State University MO.)

2. Preparation of data for the estimates of spatial features of aerosol pollution from satellite data, long-
term estimates of aerosol pollution from ground measurements in the atmospheric column (Results -
Archives of aerosol optical thickness according to MODIS MISR satellite instruments, results of 
preliminary assessments of aerosol properties of the atmosphere based on satellite data.);

3. Determination of parameters for testing model results in the Moscow region to assess the cloud-
aerosol interaction (Results - The results of the preparation of satellite data for the assessment of cloud 
characteristics with different aerosol in the atmosphere for testing model calculations. The results of 
preliminary numerical experiments to evaluate the radiation effects of the cloud-aerosol interaction).



WP3. The interaction of atmospheric aerosol with solar radiation and heat island in the urban 
environment and the synergy of the influence of heat waves and air pollution on population mortality

Å ȵɋɖɋɝɋɓɢ Tasks ɖɆɇɔɝɋɉɔ ɕɆɐɋɘɆ 

UNIVERSITY OF HELSINKI LOMONOSOV MOSCOW STATE UNIVERSITY 

Task 3.2. Atmospheric urban aerosols in the city environment with account of its morphology, and their 
relationship with solar radiation and the urban heat island.
1.Development of the COSMO-ART model complex taking into account the urban component and preparation of 
emission data for the assessment of aerosol-radiation and temperature effects. (Results - The results of the 
preparation of input parameters for modeling the features of the heat island and its relationship with radiation-
aerosol characteristics in the spring of 2020 compared to the typical spring period of 2019 in Moscow, the results of 
preliminary experiments, testing of techniques, data analysis)
2. Formation of input databases of parameters of the underlying surface for subsequent regional (WRF-ARW) and 

microclimatic RANS modeling within the framework of the Project for the Moscow region and conducting test 
model experiments for wind speeds and biometeorologicalparameters.(Results - The results of initial assessments 
and a prototype database of the influence of trees and buildings within the experimental site (MSU) on the 
formation of both stagnation zones and squally gusts of wind.)
Task 3.3. Synergistic effects of heat waves and air pollution on urban mortality.  Carrying out work on the 
formation of databases (statistical meteorological, pollution, etc.), preparation of cartographic bases, selection of 
statistical models and their approbation (Results - Statistical model of the impact of urban heat island and pollution 
on public health)
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atmosphere.

AERONET aerosol robotic 
network since 2001 at the 
MSU MO

The monthly change in AOD, Fine-
mode AOD fraction and water 

vapor content W per year 
according to linear regression 

model 

y = -0,0048x + 0,2169
wч Ґ лΣтмфм

0

0,05

0,1

0,15

0,2

0,25

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

2
0

1
7

2
0

1
8

2
0

1
9

2
0

2
0

A
O

D,

Year ˶͙͔͚ͤͤ͊Ύ όYear)

3.1.1. Quantitative estimates of long-term variations of AOD and solar radiation for the period up to 2020 in 
Moscow, features of atmospheric pollution and aerosol properties in the spring of the COVID-19 pandemic.

Negativelinear trendsof aerosol optical depth (AOD), aswell
asthe AODfraction of fine aerosolfor the period from 2002 
to 2020were obtainedfor almostall monthsof the year,. For
annualvalues, they are0.04 and3% respectivelyper decade
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A new radiation complex equipped with the most accurate 
instruments has been installed. Special software has been 

developed following the highest BSRN standards for 
vizualizationand processing the radiative data. 

3.1.1. Quantitative estimates of long-term variations of AOD and solar radiation for the period up to 2020 in 
Moscow, features of atmospheric pollution and aerosol properties in the spring of the COVID-19 pandemic.
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The analysis of the long-term variability of global solar radiation from 1958 to 2020 was made. 
In the temporal variability there is a tendency of decrease until 1980s, which was later replaced 
by its growth. The measurement data of the new radiative complex will be  added  in studies of 

long-term  radiative changes at MSU since 2022. 
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3.1.1. Quantitative estimates of long-term variations of AOD and solar radiation for the period up to 2020 in 
Moscow, features of atmospheric pollution and aerosol properties in the spring of the COVID-19 pandemic.
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Synergy use of aerosol and solar irradiance dataset with the 
application of reconstruction model. ( Volpert, Chubarova 2021)

Shortwave irradiance trend due to AOD negative changes according to 
reconstruction model is about +0.4% per decade since 1979.

3.1.1. Quantitative estimates of long-term variations of AOD and solar radiation for the period up to 2020 in 
Moscow, features of atmospheric pollution and aerosol properties in the spring of the COVID-19 pandemic.



All cases Only northern advection

PM10 ςParticulate matter  of particles with the diameter smaller 10 micron. 

Diurnal cycle of PM10 
(mgm-3) before 

lockdown (01.03-29.03), 
during the first stage of 
lockdown (30.03-12.04), 
the second stage (13.04-

08.06), and after 
lockdown (09-30.06)

typical situation on the 
streets during rush hour 

streets during lockdown 
period

Monthly mean values of the PM10 mass concentration (C, mgm -3) observed in 
2020, and in the 2015ï2019 period (Cm, mgm-3) and relative differences D (in %).

The correlation between daily mean mass concentration 
(C, mgm-3) of PM10 with self-isolation index, SII

Chubarovaet al., 2021

3.1.1. Quantitative estimates of long-term variations of AOD and solar radiation for the period up to 2020 in 
Moscow, features of atmospheric pollution and aerosol properties in the spring of the COVID-19 pandemic.

A significant decreasein PM10of 30-40% during the period of lockdown against PM10  over 
the 2015-2019period  wasobserved due tothe reduction in emissionsand the influenceof
atmosphericcirculationfeatures. However, in similar meteorological conditions we also see 
a decrease in PM10 due to lockdown emission reduction compared with PM10 before and 
after lockdown. A statisticallysignificantnegativerelationshipwasobtainedbetweenself-
isolation indices(accordingto the Yandexserver) andaveragedaily PM10.



AOD 470 nm, MODIS/MAIAC, 2017-2021 AOD 470 nm, MODIS/MAIAC, 2001-2017

3.1.2. Preparation of data for the estimates of spatial features of aerosol pollution from satellite data, long-term 
estimates of aerosol pollution from ground measurements in the atmospheric column;

Preliminary results:
According to MODIS/MAIAC data with a grid step of 1 km and according to MISR data with a grid step of 4.4 km, aerosol 
data archives have been prepared for the period from 2001 to 2021 , which include quantile estimates of AOD and some 
other aerosol parameters for the territory of the Moscow region and two AERONET stations (Moscow MO and  
Zvenigorod). The preliminary analysisof the temporal dynamicsin spatialAOD distribution from satellite data revealed
pronouncedAODchangesin the Moscowregionanda significantdecreasein AODin recentyears, especially at South-
Westdue to the termination of the activephaseof constructionin the NewMoscowarea.


