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SIMULATION OF AIR POLLUTION IN KYIV CAUSED
BY WILDFIRES IN THE FALL OF 2024

Introduction. Air pollution in Kyiv is frequently influenced by wildfires occurring outside the city, although
their contributions are not always readily identifiable.

Problem Statement. Quantitative analysis and prediction of wildfire-induced air pollution require ac-
curate assessment of emission rates, which can be derived from satellite data such as MODIS fire products.

Purpose. This study aims to implement a methodology for assessing air pollution following wildfires
by combining existing parameterizations of pollutant emissions with state-of-the-art atmospheric trans-
port models, and to validate this methodology using measurements collected during a real air pollution
episode in Kyiv in September 2024.

Materials and Methods. MODIS fire products and established methods for their processing have
been employed. Atmospheric transport has been simulated with the dispersion module of the RODOS
system. Meteorological input is taken from the WRE-Ukraine numerical weather prediction system.
Observational data on PM2.5 concentrations in Kyiv have been used for validation. Lagrangian atmo-
spheric transport modeling methods have been employed.

Results. A methodology for estimating wildfire emission rates has been developed by integrating pa-
rameterizations of particulate matter emissions from individual MODIS fire detections with methods
for evaluating time-integrated fire radiative energy. The resulting emission estimates have been used to
simulate PM2.55 pollution in Kyiv during the real pollution episode on 20 September 2024. The model
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has skillfully reproduced both the plume arrival time and the temporal evolution of PM2.55 concentrations in com-
parison with measurements. The 24-hour average wildfire-induced PM2.5 concentrations have ranged from 11.6 to
34.7 ug/m? across different parts of Kyiv, exceeding the regulatory maximum permissible value of 25 ug/m’.
Conclusions. The developed methodology has demonstrated its suitability for operational forecasting of wildfire-
related air contamination and for retrospective analyses of historical pollution episodes, enabling quantification of

wildfire contributions to observed air quality degradation.

Keywords: air pollution, atmospheric dispersion, wildfires, RODOS, MODIS, PM2.5.

Episodes of heavy air pollution regularly happen
in Kyiv, and this causes considerable public con-
cerns [1—3]. Different researchers studied various
aspects of the problem of air pollution in Kyiv
[4—9]. As shown by several investigators, in ma-
ny cases, especially during dry periods, heavy pol-
lution episodes with increased levels of particu-
late matter (PM) were caused by wildfires outside
cities [6, 7]. The ongoing war led to an even worse-
ning of the impact of wildfires on the problem of
air pollution in Ukraine and in Kyiv [9]. Because
on the one hand, air pollution in cities is created by
many sources, and on the other — because pollu-
tants could be brought by wind from wildfires, lo-
cated quite far from cities, the impact of wildfires
was not easily recognized in many particular cases.

Forecasting of air pollution episodes including
those created by wildfires is important for timely
warning of population regarding hazardous situa-
tions. Uncovering the role of wildfires in case they
influence air pollution is equally important for bet-
ter understanding the reasons for unfavorable con-
ditions and for adequate planning of measures to
reduce the number of harmful air pollution epi-
sodes. Satellite programs effectively monitor wild-
fires, and the respective resources are available [10].
The satellite data, describing regions encompassed
by wildfires and their radiative power are however
insufficient to forecast air pollution. The emission
inventories are to be first derived from the available
information and secondly, atmospheric transport
of combustion products is to be simulated. The goal
of the present study is thus to implement a method-
ology for the assessment of air pollution following
wildfires by combining available parameterizations
of pollutant emission with the state-of-art models
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of atmospheric transport and to validate it against
measurements collected in real-case episode of air
pollution in Kyiv in September 2024.

ALGORITHM
OF EMISSION ESTIMATION

In this work estimates of PM emission during wild-
fires are based on processing satellite data regar-
ding fires and burned areas of the Moderate Reso-
lution Imaging Spectroradiometer (MODIS, [10]),
as available on the Fire Information for Resource
Management System (FIRMS) website, operated
by NASA (https://firms.modaps.eosdis.nasa.gov/
active_fire). Namely, the parameterization that
relates the intensity of PM emission from a single
MODIS detect of the wildfire to its fire radiative
power FRP [M]/s], proposed in [11] was used. As-
suming 100% burned area per detect, the parame-
terization [11] reads as: Q = 20[g-MJ/s]- FRP,,
Here Q[g/s] — is the emission rate of PM10
(PM with mean aerodynamic diameter less than
10 pm) from the corresponding area, represented
by MODIS detect, and FRP,;, is the FRP of the cor-
responding detect. To evaluate the average emis-
sion rate of continuous release over a particular
time interval (0, T) and from a certain area Q, we
must first evaluate the integral of FRP through
the corresponding time interval and over the res-
pective area, using discrete measurements of FRP
from MODIS detects. To do that we use a simple
representation of the observed FRP diurnal cycle
proposed in [12]:
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Fig. 1. Locations of wildfires around Kyiv on September 20, 2024, according to MODIS
data (rhombuses); pins symbols indicate measurement stations, which data were used in

this study

where t[hrs] is time, the parameter h[hrs] corres-
ponds to the local time at which the value of FRP
reaches a maximum, FRP,..[M]/s]. The standard
deviation o[hrs] and nondimensional b are the
other parameters of the distribution, described as
follows. To estimate the values of b, o, h the study
[12] suggested their empirical dependencies on the
ratio of measured FRP by satellites Terra and Aqua:
x = FRP(Terra)/FRP(Aqua) for a given region. Here
FRP denotes the total sum of FRP from pixels over
the whole simulation area () and summed over the
considered time interval. According to the proposed
parameterizations, the parameters of distribution (1)
depend on x: h = -1.23x + 14.57, ¢ = 3.89x +
+1.03, b = 0.86x* - 0.52x + 0.08. The value of FRP, .
is then evaluated with the next formula [13]:

FRP FRE,
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where ¢, is the time of observation (typically 1 <i < 3),
FRP,, is the sum of FRP from both satellites over
all pixels within a given computational area, and
the considered time interval.

Then, substituting all these formulas into (1), we
can find the total fire radiation energy FRE [M]],
emitted from the area Q:

FRE = jFRP(t) dt. (2)

We integrate the expression (2) numerically
by the trapezium formulas with the time-step of
1 second.

Finally, we adapt the abovementioned param-
eterization [11] for the estimation of the release
rate from the considered area Q) over the time in-
terval (0, T) in the following way:

Q=20-FRE/ 1. (3)
Here 1 is in seconds.
ISSN 2409-9066. Sci. innov. 2026. 22(1)
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Fig. 2. Map of sea level pressure, analyzed by WRF-Ukraine NWP system for September
20, 2024, 00 h UTC. The interval between the isolines is 150 Pa

The described above algorithm was implemen-
ted in a software code that evaluates emission rates
of PM, Q(x;, ¥;>t;), with time resolution T =, - f;_,
(the default value is T = 24 h), from the grid cells
of the sizes dx, dy, centered at points (x, y,), and
covering the user-specified geographical area. The
user specifies south-west and northeast corners of
the grid, grid resolution dx, dy (in meters), start
and end dates, and time of simulation.

MODEL CHAIN
OF ATMOSPHERIC TRANSPORT

For the assessment of the atmospheric transport
of air pollutants, created by wildfires, in this work,
we used the atmospheric dispersion model LASAT
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Fig. 3. Time dependence of observed and forecasted
by WREF-Ukraine wind direction in Kyiv (Boryspil).
Time is in hours starting from September 20, 2024,
00 UTC
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of the EU nuclear emergency response system
RODOS [14]. This model was successfully used
for the simulation of the atmospheric transport of
radioactive pollutants created by wildfires in the
Chernobyl Exclusion Zone [15]. The model requi-
res input fields from the numerical weather predic-
tion (NWP) model. For that purpose we used the
operational forecasts of the WRF-Ukraine NWP
system, functioning in the Ukrainian Hydrome-
teorological Center, and used for supply of the
RODOS-Ukraine nuclear emergency response
system with operational NWP data [16]. The ope-
rational forecasts are calculated on the sequence
of nested grids [16]. In this work, we used results
from the nested computational domain of WRF-
Ukraine that covers the northwestern part of Uk-
raine (domain D02). The spatial resolution of this
domain is 0.05° dec. deg. (154 x 167 computatio-
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Fig. 4. Time dependencies of observed and simulated
concentrations of PM2.5 [ug/m?] at different measure-
ment stations in Kyiv; time is in hours starting from
September 20, 2024, 00 UTC. Measurement data were
obtained from: https://asm.kyivcity.gov.ua

nal nodes in south-north and west-east directions
respectively).

We evaluated the developed methodology aga-
inst measurements collected during an air pollu-
tion episode that happened in Kyiv on September
20, 2024. On the morning of that day, Kyiv City
Administration informed about the increased level
of air pollution [3]. The possible indicated reason
for that situation was wildfires in Kyiv Oblast. The-
refore, we applied the described above model chain
to analyze this episode quantitatively.

At first, we analyzed MODIS data of wildfires of
September 20 between 0 h and 12 h UTC in the rec-
tangle region having a size of 160 x 120 km around
Kyiv. This region was subdivided into square com-
putational cells, each having a size of 10 x 10 km?.
The active wildfires fell in a single computational
cell, located approximately 60 km to the north of
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Fig. 5. Map of time-integrated concentration of PM2.5 [ug - s/m?], calculated between
20240920:00 h UTC and 20240921:00 h UTC. Values of isolines are shown on the right of

the figure

Kyiv (Fig. 1). The total release rate of particulate
matter PM10 from this cell, evaluated using for-
mulas (1)—(3), was equal to 4.2 kg/s.

The atmospheric transport of fine particulate
matter with a mean aerodynamic diameter less than
or equal to 2.5 pm (PM2.5) was simulated using the
described above model chain of the WRF-Ukraine
NWP model and the atmospheric dispersion mo-
del of the RODOS system. The simulation was
performed for the next 24 hours starting from the
20240920:00 h UTC. As the fraction of PM2.5 in
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many cases consists =90% of the total release of
PM10 from the wildfires [17, 18], in the simula-
tion we conservatively considered the release rate
of PM2.5, equal to the above-evaluated release
rate (4.2 kg/s between 0 h and 12 h UTC).

The meteorological conditions in Ukraine on
24 Sep. 2024 were influenced by a high-pressure
system, centered over the Baltic Sea (Fig. 2). The
high-pressure system extended to the east and
south-east directions, leading to pressure rise and
clear-sky, low-wind conditions. On the preceding
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day (19 Sep. 2024) the dominant wind direction
was NNE (Fig. 3). Wind direction changed on the
next day (September 20) to the almost stable nor-
thern wind (Fig. 3). The dynamics of wind direc-
tion was skillfully forecasted by WREF-Ukraine
NWP system (Fig. 3).

Time dynamics of simulated and observed con-
centrations of PM2.5 in Kyiv are shown in Fig. 4.
Both measurements and simulations show maxi-
mum concentration between 5 and 6 h UTC. In
contrast to measurements, simulated concentra-
tions are zero at the beginning of the simulation,
because pollution in Kyiv is created not only by
the wildfire but also by other sources [8] that are
not considered in this study. However, after the
plume arrived in Kyiv at about 4.5 h UTC the si-
mulated and observed concentrations were well
correlated. By 16 h UTC concentrations reduce to
zero due to a reduction in wind speed and the
cease of wildfires and a correspondent reduction in
pollutant flux into Kyiv from the upwind regions.

Figure 5 shows a map of the time-integrated
concentration of PM2.5 [ug - s/m’] by the end of
the simulation period (September 21, 00 h UTC).
As it is seen from the data, presented on the map,
the 24-h time-integrated concentration in Kyiv crea-
ted by wildfires varies from 1E6 to 3E6 ug-s/m’.
The corresponding time average concentration
varies from 11.6 to 34.7 pg/m’. Thus in part of Kyiv
territory the PM2.5 concentrations created by this
single wildfire exceeded the maximum permissible
values of 25 ug/m’, recommended by the Euro-
pean Union as a regulatory value for daily average
concentrations of PM2.5 [19].

In this work, the methodology for the assess-
ment of air pollution following wildfires was imp-
lemented by combining available parameteriza-
tions of pollutant emission with the state-of-art
models of atmospheric transport. The methodo-
logy of emission rate estimation is based on the
processing of publicly available MODIS fire pro-
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MOJETIOBAHHS ATMOC®EPHOTO 3ABPYJIHEHHS m. KUIB,
CIIPMYMHEHOTI'O TAHAITAOTHMMMU [TOXKEXKXAMM BOCEHU 2024 p.

Beryn. 3abpynHenHs noitps y Kuesi yacTo cnpuymHeHO MTiCOBMMU MOXKEXaMI 32 MEXaMy MiCTa, Xo4a IXHil
BIUIVIB HE 3aBXXIM JIETKO PO3ITi3HATH.

ITpo6nemaruka. KinpkicHuil aHai3 Ta IPOrHO3yBaHHA 3a0pyAHEHHs HOBITPs MIC/IA NTiCOBYUX IOXKEXX BYMArae
OLIiHKM PiBHSA BUKUJIB, AKYy MOYKHA OTPMMATH 3 CyIIyTHUKOBMX JAHMX, TaKuX sAK ga"i MODIS.

Meta. BripoBagnuTyi METOZO/IOTII0 OLIIHKM 3a0pyRHEHH IOBITPs MiC/Is IICOBUX TOXKEX LIISIXOM IOERHAHHS
ROCTYIIHUX IapaMeTpu3alliil BUKU/IB 3a0pY/HIOIUNX PEeUOBUH 13 CyJaCHMMIU MOJEIAMY aTMOC(EPHOro Iepe-
HOCY Ta IepeBiputy il Ha OCHOBI BUMIipIOBaHb, 310paHNUX IIiJj Yac peaJbHOrO eNi3ofy 3a0pyfHEeHHs HOBIiTps B
Kuesi y Bepecni 2024 poxky.

Marepianu it MeTogu. Bukopucrano gani MODIS 10750 OXXeX Ta METOAM IX 06pOOKI, 3aCTOCOBAHO MOZLY/Ib
arMocdepHoro poscitopannsa cuctemyt RODOS, naHi 4ncenbHOro IporHo3yBaHHsA noropu cucremn WRF-YkpaiHa,
JaHi BUMipIOBaHb 3a6pynHeHHﬂ nositpss PM2.5 y Kuesi. 3acTocoBaHo marpaH>koBi MeTOM MOZeNTIOBaHHA IUC-
nepcii arMochepHIX 3a0pyIHEHb.

Pesynbratn. Po3po6eHO MeTO[ OL[iHKY IIBMAKOCTI BUKMAIB IIUIXOM ITOESHAHHS [apaMeTpusarnil BUKU/iB
TBEPAUX YaCTMHOK 3 OfHOro gereKkryBaHHA MODIS 3 MeTofaMu OLIiHKM iHTeTpa/bHOI 32 4acoM pajialiliHoi
eHeprii moxexxi. OTpuMaHi OL[iHKM BUKNAIB OY/I0 BUKOPUCTAHO /I MOZIE/IIOBAHHS 3a0py/HeHH: oBiTpsa PM2.5
y Kuesi nig gac peanbHoro enizony 3a6pynHeHH: noBiTpsa 20 BepecHs 2024 poky. Yac npuOyTTs XMapy Ta 4acoBi
pAnM KoHIeHTpanin PM2.5 ycmimHo po3paxoBaHi Ta ysropkyBanucs 3 BuMipamu. CepenHs 24-roguHHa KOH-
neHTpania PM2.5, MillHOCTHI micoBuMU NoXkexxaMy B pisHuX yacTuHax Kuesa, konnBanacs Bif 11,6 no 34,7 mMxr/
M’, [0 TIepeBUIIlYe HOPMATUBHE I'PAHNTHO SOIYCTMMeE 3HAUeHHS 25 MKT/M’.

BucHOBK. 3apOIIOHOBaHY METOMKY MOYKHA BUKOPMCTOBYBATH JI/Is1 OIIEPaTMBHOIO IPOTHO3YBaHHSA 320y
HEHH: NOBITPs, IIOB’I3aHOTO 3 JTICOBUMI ITOXKeXKaMU, Ta JI/Is aHa/Ti3y ICTOPUYHMX eIi30/1iB 3a0py/IHEHH A MOBITPA
1070 Ki/IbKiCHOI OLIIHKM POJIi JIICOBYUX IIOXKEX Y TAKUX IOJiAX.

Knwouosi cnosa: 3abpymHeHH: MOBITpsI, aTMOoCcdepHe TepeHeceHHs, TicoBi oxxexxi, RODOS, MODIS, PM2.5.
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