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ATMOSPHERE AEROSOL MODELING BY GEOS-CHEM
FOR THE AEROSOL-UA SPACE PROJECT VALIDATION

We used a global chemical transport model GEOS-Chem to compute monthly mean fine, coarse, and total aerosol volume concentration
for Minsk and Kyiv in the period from 2010 to 2015. We compared results of the model simulation with sun-photometer observations
at the ground-based AERONET network sites. We obtained that the aerosol volume concentrations retrieved from observations are in
reasonably good agreement with model-simulated ones. However, the agreement is not good enough for the validation of the satellite
measurements in the future space mission Aerosol-UA by the GEOS-Chem model simulation. To improve the accuracy of estimating the
spatial-temporal distribution of the aerosol volume concentration we decided to apply the optimal interpolation method for assimilating
AERONET data in GEOS-Chem model. The temporal correlation function for fine aerosol volume concentration is obtained on the
basis of measurements at AERONET Minsk site over the 2002— 2015 period and Kyiv site over the 2008—2015 period. We describe
the analyzed values of fine aerosol volume concentration at all temporal grid points over the period of 2002 to 2015 for Minsk site and
of 2008 to 2015 for Kyiv site, which were determined on the basis of the optimal interpolation method. We propose to use the optimal
averaging method for AERONET data on the basis of the temporal optimization interpolation method.
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INTRODUCTION tion and properties of atmospheric aerosols are still
not sufficiently known because of high spatial and
temporal variability of aerosol concentration, sourc-
es, and types. To fill a gap, several aerosol space mis-
sions are planned [1], and one of them is the Ukrai-
nian project Aerosol-UA [1, 2]. The main objectives
of the project are: to monitor the spatial distribution
of key characteristics of terrestrial tropospheric and
stratospheric aerosols; to provide a comprehensive
observational database enabling accurate quantita-
tive estimates of the aerosol contribution to the en-

© N. S. MIATSELSKAYA, V. P. KABASHNIKOV, . .
A.V. NORKO, A. P. CHAIKOVSKY, A. I. BRIL. ergy budget of the climate system; quantify the con-
G. P. MILINEVSKY, V. O. DANYLEVSKY, 2017 tribution of anthropogenic aerosols to climate and

Aerosols are an important component in the Earth's
atmosphere. Aerosols cause atmospheric pollution
which influence negatively on human health. They
affect the radiation balance of the atmosphere, re-
sulting in climate change.

Aerosol distribution in the Earth's atmosphere is
studied using measurements from many satellite and
ground-based instruments. However, the distribu-
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ecological processes [1]. The measurements of the
intensity and polarization of sunlight scattered by the
atmosphere and the Earth's surface are planned to be
obtained by using a multi-channel scanning polarim-
eter ScanPol and wide-angle multispectral imager-
polarimeter MSIP [2].

Data retrieved from the ScanPol and MSIP space-
borne polarimeters measurement are planned to be
validated using the methods applied in space born
missions [3—5]. One of the methods is use correla-
tive ground-based and satellite data sets (see ex. [4]).
The instruments of Aerosol-UA mission will be vali-
dated by comparing satellite data with ground-based
sun/sky photometer observations from AERONET
sites (AErosol RObotic NETwork, http://acronet.
gsfc.nasa.gov, [6—9]). The network consists of about
800 sites located throughout the world. The AERO-
NET inversion algorithm [10] provides information
on aerosol properties integrated over the atmospheric
column.

However, ground-based observations represent
specific point measurements and have limited spatial
coverage. Sun photometer measurements are re-
stricted to day-time and cloud-free conditions. Mod-
el simulations can be applied to obtain information
on aerosol concentration and composition with com-
plete spatial and temporal coverage [11, 12]. The
model must provide consistent information for satel-
lite measurements validation.

COMPARISON OF THE MODEL SIMULATION
WITH AERONET DATA

One of the widely used global chemical transport
models is GEOS-Chem (see http://acmg.seas.har-
vard.edu/geos, [13]). GEOS-Chem is a global 3-D
chemical transport model driven by assimilated me-
teorological data from the Goddard Earth Observing
System at the NASA Global Modeling Assimilation
Office (http://gmao.gsfc.nasa.gov). Meteorological
input includes winds, temperature, humidity, con-
vective mass fluxes, cloud properties, surface proper-
ties, precipitation, mixed layer depth and other fields.
The model uses inventories for fossil fuel, biomass
burning, biofuel burning, biogenic, and aerosol emis-
sions. The GEOS-Chem model provides spatial and
temporal distribution of atmospheric species con-
centrations including major aerosol types such as sul-

4

phate, nitrate, ammonium, elemental (black) car-
bon, organic aerosol, mineral dust, and sea salt.

We compare aerosol volume concentration from
the model simulation with observations from AERO-
NET sites for the 2010—2015 period. Volume con-
centration in pm3um-2is defined as a total volume of
aerosol particles in the atmospheric column divided
by the surface area of the atmospheric column cross
section. AERONET website (http://aeronet.gsfc.
nasa.gov) represents the fine mode VolCon-F (par-
ticles radius ranges from 0.05 to 0.6 um), coarse mode
VolCon-C (radius ranges from 0.6 to 15 ym), and to-
tal VolCon-T aerosol volume concentrations along
with other retrieval products.

To calculate the volume concentration we use the
NOx-0Ox-hydrocarbon-aerosol GEOS—Chem simu-
lation at 4°x5° horizontal resolution with 47 vertical
levels up to 80 km of altitude with GEOS-5 meteorol-
ogy. The volume concentration of fine mode aerosols
is calculated as the sum of the fine mode particles vol-
ume concentrations including sulfates, nitrates, am-
monium, mineral dust with the effective radius of par-
ticles less than 1 um, inorganic carbon, organic aero-
sol, and sea salt with the effective particle radius <0.5
um. The volume concentration of coarse mode aero-
sols is calculated as the sum of the aerosol coarse par-
ticles volume concentrations including mineral dust
with the effective particle radius >1 um, and sea salt
with the effective particle radius >0.5 um. The hygro-
scopic growth of the hydrophilic particles is taken into
account. Hygroscopic growth factor at ambient rela-
tive humidity for each aerosol type is provided by the
GEOS-Chem simulation. The dry particles density
for different aerosol types is taken from [14].

The comparison of the monthly mean fine, coarse
and total aerosol volume concentrations measured by
sun photometers and simulated by the GEOS-Chem
model is shown in Fig. 1 for Minsk and for Kyiv.

The model captures the magnitude and seasonal
cycle of the monthly mean fine, coarse and total aero-
sol volume concentrations. However, the agreement
between model results and measurements is not good
enough. For example, for the fine aerosols over Minsk,
some of the individual discrepancies can reach 0.03—
0.04 pm3pm-2 while the mean measured volume con-
centration is 0.025 pm3um-2 with standard deviation
0.013 pm3pm=2, and the mean modeled volume con-
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Fig. 1. Monthly mean aerosol volume concentrations measured by sun photometer at Minsk and Kyiv AERONET sites and
simulated by the GEOS-Chem model: @ — fine mode, b — coarse mode, ¢ — total aerosol

centration is 0.027 um3um2 with standard deviation
0.008 pm3um-2. Therefore, the data simulated by the
GEOS-Chem model can be hardly used directly for
Aerosol-UA validation. To improve the fidelity of the
GEOS-Chem aerosol simulation, the data assimila-
tion methods can be applied.

We plan to use an optimal interpolation technique
for AERONET data assimilation to obtain the most
likely true estimate of the spatial and temporal distri-
bution of aerosol volume concentration.
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DATA ASSIMILATION
PROCEDURE

Data assimilation techniques combine observational
data with a background field often consisting of a
model forecast in order to produce accurate analyses
of the state of the system. The optimal interpolation
approach for data assimilation was initially deve-
loped for meteorological applications [15, 16], and
was later applied to air pollution study [17].
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Fig. 2. Time interval dependence of the observation minus
background correlation: a — for Minsk site, b — for Kyiv site

In the optimal interpolation scheme, an analysed
state is related to the forecast state by the equation:

x?=xB + K(y — H(xb)), (1)

where: x? is a vector containing estimated values at
regular grid points, x? is a vector containing values of
a first guess at regular grid points (background), y is a
vector containing values of observations at the obser-
vational points, K is a matrix containing weight coef-
ficients, H is an observation operator (a function
from background state space to observation space).
The first guess (background) is based on some a
priori information, such as previous analysis, or re-
sults of the modeling. Weight coefficients are chosen
to minimize the mean-square error in the estimate:

K=GH'(HGHT), )

where G is a covariance matrix of deviations of obser-
vations from first guess values at the observational
points. Weight coefficients can be expressed in terms
of errors:

K=P HI(HP HT + R, (3)
where P is a covariance matrix of background errors, R

is a covariance matrix of observation errors. A covari-
ance matrix of analysis errors P can be calculated as

Pt =(I— KH)PP, (4)

where [ is an identity matrix.

APPLICATION OF OPTIMAL
INTERPOLATION TO AERONET DATA

The AERONET sun photometers provide data on
aerosol volume concentration only under restrictive
observing cloud-free conditions. Therefore, even at
the site location, the observations are presented as
data series corresponded to cloud-free days, with
lack of data at cloudy periods. To fill this gap, we use
the temporal optimal interpolation method. We im-
plement the method to data observed at Minsk and
Kyiv AERONET sites.

The AERONET data are divided into three quality
levels: Level 1.0 for unscreened raw data, Level 1.5
for cloud-screened data, and Level 2.0 for cloud-
screened and quality assured data [7, 18]. For calcu-
lations we use Level 2.0 data, nevertheless some
measured values of the volume concentration look
too high mainly due to influence of cloudy condition.
We have eliminated the volume concentration values
measured at three cases: 10.09.2002 at 7:09:04,
13.09.2002 at 12:08:01, and 30.04.2006 at 04:27:56.
Observations always contain some errors; however,
we assume here that the measurement data are free of
uncertainties.

The covariance matrix G is defined by a correla-
tion function. We assume that correlations between
temporal grid points depend on the length of time in-
terval only and do not depend on time itself. In this
case the single correlation function can be estimated
from observational data with the temporal correla-
tion length adjusted empirically. Observational data
of fine aerosol volume concentration at Minsk site
over the period of 2002 to 2015 and at Kyiv site over
the period 2008—2015 provide statistical informa-
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Fig. 3. Results of implementation of optimal interpolation for the fine aecrosol volume concentration at Minsk site: a — April—
June 2013, b — July—September 2014, ¢ — June—August 2015, and Kyiv site: a — August—October 2008, b — April—June
2010, ¢ — June—August 2014
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tion that we use to obtain correlation function. We
define background as the mean volume concentra-
tion averaged over 2002—2016 for Minsk site and
2008—2015 for Kyiv site, assuming stationarity. Fig. 2
shows the normalized, smoothed time interval de-
pendence of the observation minus background cor-
relation with the correlation interval 14 days for
Minsk site and 8 days for Kyiv AERONET sites.

However, the weight matrix is not time invariant,
because the observation points are distributed un-
evenly in time, so we have to calculate a new weight
coefficients for every grid point. We restrict the ob-
servations used for each grid point to those observa-
tions which are within the correlation interval. Once
weight coefficients have been calculated, the ana-
lyzed value of volume concentration at the grid point
may be determined from (1).

Fig. 3 shows example of the implementation re-
sults of optimal interpolation for the fine aerosol vol-
ume concentration at Minsk and Kyiv sites in several
periods of observation.

An optimal averaging method for AERONET data
can be proposed on the basis of the temporal optimal
interpolation method. Monthly mean AERONET
data are often used for comparisons with results of
satellite observations and model simulations. In
AERONET, monthly mean is computed using the
daily averages available in the month [18]. This aver-
aging scheme implies that when observations are not
available in some day, the volume concentration in
this day is taken equal to monthly mean values com-
puted from the available daily averages. It is obvious
that this assumption is not optimal. We propose to
use optimal interpolation method to calculate values
of volume concentration in the days when observa-
tions are not available, and use the calculated values
to obtain monthly mean.

CONCLUSIONS

Comparison of the aerosol volume concentrations
simulated by chemical transport model GEOS-Chem
and data retrieved from observations at AERONET
sites shows that the model captures the magnitude
and seasonal cycle of the monthly mean fine, coarse
and total aerosol burden. However, the agreement
between model results and measurements is not good
enough for direct use of the model data for aerosol

satellite measurements validation in the future
Ukraine space project Aerosol-UA. To improve the
fidelity of the aerosol simulation, an optimal interpo-
lation method can be proposed for AERONET data
assimilation in GEOS-Chem model. Implementa-
tion of the optimal interpolation method makes it
possible to estimate the values of the aerosol volume
concentration when measurements are not available.
An optimal averaging method for AERONET data
can be proposed on the basis of the temporal optimal
interpolation method.
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! Tncturyt disukn HauioHansHoi akanemii Hayk Binopyci,
MiHncek, binopych

2 KuiBchKWii HALiOHATBHMI YHIBepcuTeT iMeHi Tapaca
IlIeBuenka, KuiB, Ykpaina

3 l'onoBHa acTpoHoMiuHa o6ceppatopis HanionansHoi
akaneMii Hayk Ykpainu, KuiB, YkpaiHa

4 suniHcpkuit yHiBepcuTeT, MixKHApOIHMII IEHTpP HayKU
MaiioyTHboro, YaHuyns, Kutait

MOJE/TIOBAHHA BMICTY AEPO30JIIO

B ATMOC®EPI 3A TOTTOMOTI'OO MOJEJIIT
GEOS-CHEM 114 BAJIIJIALIII KOCMIYHOIO
ITPOEKTY «AEPO30JIb-UA»

B pamkax rno6anbHoi XiMiko-TpaHcnopTHoi Monei GEOS-
Chem po3paxoBaHO PO3MOIIT CEPEIHbOMICIYHOI 00'€MHOL
KOHLEHTpalii aepo30Jiio i oro ApiOHOAMCHEPCHOI i KpyT-
HomucnepcHoi dpakuiii 11t MiHcbka i KueBa 3a mepion
2010—2015 pp. Pesynbratu MomeNbHUX PO3PaxXyHKIB 3i-
CTaBJICHO 3 BUMipaMM Ha CTaHLisIX Ha3eMHOI (DOTOMETpUY-
Hoi Mepexxi AERONET. IToka3aHo, 1110 30ir € 3a10BiIbHUM,
ajie HeJJ0CTaTHIM [IJIs1 Baslifallii CymyTHUKOBUX BUMipIOBaHb
MaiiOyTHBLOTrO MpoekTy «Aepo3osib-UA» 3a 101OMOrowo pe-
3y/bTaTiB MOJEMOBaHHS. U1l MiABUIIIEHHSI TOUHOCTI OLIHKHU
IPOCTOPOBO-YaCOBOIO PO3MOIiIYy 00'€MHOI KOHLIEHTpalliiae-
PO30JII0 MTPOIOHYETHCSI BUKOPUCTATU aCUMIJISILIII0 BUMIpIO-
BaHb Mepexki AERONET y mogens GEOS-Chem Ha ocHOBI
METO/y ONTUMAaJbHOI iHTepriosLii. [lodynoBaHo TMMYaco-
BY KOpEJAILiHY (PYHKIIiIO 11T 00'€éMHOI KOHIIEHTpallii 1pid-
HOIMCIepcHOi (pakilii aepo30i0 3a JaHWUMHU BUMipIOBaHb
Ha ctaHUisx AERONET Mincek 3a niepiog 2002—2015 pp.
ta KuiB 3a niepiog 2008—2015 pp. Ha ocHOBi MeToay OrnTu-
MaJIbHOI iIHTEPITOJISIIT OTPUMAHO OIIIHKY 06'€MHOI KOHIICH-
Tpallil apiOHOAMCIEPCHOI (PpaKilii aepO30J1t0 ISl YCiX TOUOK
TUMYACOBOI IIKaJTU. 3arPOIIOHOBAHO METOJ ONITUMATHHOTO
ycepenHeHHs1 naHuX BumiptoBaHb Mepexi AERONET Ha
OCHOBI TUMYACOBOT'0 METO/IY ONTUMAJIbHOI IHTEPIOJISILIII.

Karouosi caoea: aepo3ofib, XiMiKO-TpaHCIIOPTHA MOJIENb
GEOS-Chem, acumisisuist JaHUX, COHSIYHUI (hpoToMeTp.
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! UnctutyT dusukn HalmoHambHOI akageMiy HayK
benapycu, MuHck, benapych

2 KueBcKUil HALMOHANBHBIN yHUBepcUTeT MMeHHn Tapaca
IeBuenko, Kues, YkpanHa

3 ['maBHas acTpoHOMUYecKas obcepsaTopusi HalmoHanbHoi
aKkaleMuu Hayk YkpauHbl, KueB, YkpauHa

4 13unnHcKuit yHUBEpCUTET, MeXIyHapOAHBIi LIEHTD
Hayku Oynyuero, Yanuyns, Kurait

MOJEJIMPOBAHUNE COAEPKAHUA ADPO30JIA

B ATMOC®EPE C TOMOILIbIO MOAEIN
GEOS-CHEM UIA BAJIMAALIM KOCMHWYECKOT O
[MPOEKTA «ABPO30J1b-UA»

B pamkax m1o0aJibHON XMMUKO-TPAHCIIOPTHON MoAeIu
GEOS-Chem paccurtaHbl pacripefieieHus cpeaHeMecs u-
HOU 00BEMHOI KOHIEHTPALIUK adPO30JIsi U eTO MEJIKOIUC-
MEePCHOM M KpyMHOOMCIIEPCHOM (pakumii mig MuHCKa u
Kuea 3a nmepuon 2010—2015 rr. Pe3yabraTbl MOAEIbHBIX
pPacy€ToB COMOCTABIEHbI C U3MEPEHUSIMU Ha CTaHIUSIX Ha-
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3emHoOI oTomerpruueckoii cetu AERONET. Iloka3zaHo,
YTO COBMAJAEHUE SIBJISIETCS] YAOBIETBOPUTENbHBIM, HO He-
JIOCTATOYHBIM TSI BaJIMAALIMU CITYTHUKOBBIX M3MEPEHUI B
Oynyuiem npoekrte «A3po3onib-UA» ¢ MOMOIIBIO pe3yibTa-
TOB MOjenupoBaHus. [Jisl TIOBBIIIIEHUSI TOYHOCTU OIIEHKU
TPOCTPAHCTBEHHO-BPEMEHHOTO pPacIIpeieieHus 00bEMHOM
KOHIEHTPALMK a3po30Jisl TpeiaraeTcsl UCIoIb30BaTh ac-
cumMmisiLinio naHHbiX uamepenuii cetun AERONET B monenb
GEOS-Chem Ha ocHOBe MeToIa ONTUMAJIbHOW MHTEPITO-
Jsuuu. [octpoeHa BpeMeHHas KoppeasiuoHHast GyHKIMS
IU1sT OOBEMHOI KOHIIEHTPALIUK MEJIKOUCTIEPCHOM (hpaKInu
a3p030JIs1 1O JaHHBIM M3MepeHuit Ha cTaHuussx AERONET
Munck 3a mepuona 2002—2015 rr. u Kues 3a nepuox 2008—
2015 rr. Ha ocHoBe MeToma ONTUMAJIbHON WHTEPIOJISILINU
MOJTy4YeHbl OLIEHKU OOBEMHOI KOHLEHTPALUM MEJKOIUC-
MepCHOM (pakIMKu a’po30Jist IS BCEX TOYEK BPEMEHHOM
mKanel. [IpemiokeH METOI ONTUMATbHOTO YCPeTHEeHUS
naHHbIx n3MepeHnii cett AERONET Ha ocHOBe BpeMeHHO-
TO METOJa ONTUMAIBHON MHTEPITOJSIIIUY.

Karouesvie caosa: aspo30iib, XMMUKO-TPAHCIIOPTHAsI MOJIE/b
GEOS-Chem, accuMuIsiLIMS JaHHBIX, COJTHEUHbIM (poTomeTp.
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