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Aerosol emissions from different sources can contribute to
the modification of meteorological processes through direct
and indirect aerosol effects, thereby impacting weather at
regional and local scales. Considering the role of aerosol
effects in complex atmospheric feedbacks and the need for
seamless modeling approaches for such research, the
Ukrainian Hydrometeorological Institute (UHMI) established
research and modeling activities within the framework of the
D ———E——————————— Pan-Eu_rasia_n EXperim_ent_(PEEX) in clpse collabor_ation with
climate-effects/ the University of Helsinki (UHEL), using the Environment—
Hlgh Resolution Limited Area Model (Enviro-HIRLAM)
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Studying the role of black carbon from wildfires emissions during the heat-wave episode
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Abstract. Biomass bumning is onc of the biggest sources of atmospheric black carbon (BC), which negatively
impacts human health and contributes o climate forcing. In this work, we explore the horizontal and vertical
variahility of BC concentrations over Ukraine during wildfines in August 20010, Using the Enviro-HIRLAM
modelling framework, the BC atmospheric transport was modelled for coarse, accumulation, and Aitken mode
acrosol particles emitted by the wildfire, Elevated pollution levels were ohscrved within the boundary layer. The
influcnce of the BC emissions from the wildfire was identificd up to 530 hPa level for the coarse and sccumulation
modes and at distances of shout 2000 km from the fire arcas. BC was mainly transported in the lowest 3 km layer
and mainly deposited at night and in the moming hours due to the formation of strong surface temperature:
imversions. As modelling is the only available source of BC data in Ukraine, our results were compared with
ground-lcvel measurements of dust, which showed an increasc in concentration of up to 73 % during wildfires
in comparison to average values. The BC contribution was found to be 10 %—20% of the total acrosol mass
near the wildfires in the lowest 2 km layer. At a distance, BC contribution excecded 10 % only in urban arcas.
In the arcas with a high BC content rep d by both ion and coarsc modes, downwelling surface
long-wave radiation increased up to 20W m 2, and 2m air temperature increased by 1-4°C during the midday
hours. The findings of this case study can help to understand the behaviour of BC distribution and possible direct
acrosol effects during anticyelonic conditions, which are often observed in mid-latitudes in the summer and lead
to wildfire occurrences.

1 A rollut

1 Intreduction CAUSCS F [ i around burncd ar-
cas (e.g. Virkkula ct al., 20714b; Wu ct al., 2018; Castagna et

al., 2021). BC content and different acmsol constituents in

Black carbon {BC), next to carbon dioxide, is the component

of fine particulate matter {PM 5) that is considered to be one
of the contributors toclimate forcing (Bond et al., 2013; Kur-
ganskiy ct al., 2016) and that has a highly probable harm-
ful health impact {Janssen et al., 2001, 2012; (°Dell et al.,
2020). BC is formed as a product aficr incomplete combuas-
tion of biomass and fossil fucls (c.g. Forbes cal., 2006; Bond
ctal, 2013). A large amount of BC is emitted into the atmao-
sphere from biomass buming {Konovalov ct al., 2008) as a
part of total chemical species flux during wikifires (Amiro ot
al_, 2001; Barnaba et al., 2001; Virkkula ct al_, 2014a), which

the case of huge emissions are frequently cstimated by us-
ing atmospheric modelling (Hodzic et al., 2007; Bessagnet
cf al_, 2008; Konovalow ct al., 2018; Singh ct al., 2018; Ma-
galhacs et al., 201%; Kostrykin ct al,, 2021) and somctimes
by in =it measurements (Yittri ot al., 2007; Elcftheriadis et
al., 2009; Singh ct al., 2018; Jia ct al., 2021). In contrast o
other acrosol compounds, BC typically causcs a positive ra-
diative forcing (Bond et al., 2003; Stjern ct al., 2017), whose
intcnsity depends on the particle size (Matsui ct al., 2018).
Consequently, the heating effect is gencrally observed from
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In areas with high BC content represented by the accumulation and coarse modes, downwelling long-wave radiation

with direct aerosol effects was higher by 20-25 W m~2 during the midday hours. The 2 m air temperature was 1-4 °C
higher in these regions, with coarse mode BC exceeding 20—-30 ppb.

Under specific conditions, BC can enhance
unfavorable near-surface temperature regime
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HPC

High Performance Computing Europa-3 (HPC-Europa3)
Transnational Access programme (INFRAIA-2016-1-730897)

1) Integrated modelling for assessment of potential pollution regional
atmospheric transport as result of accidental wildfires

2) Integrated modelling and analysis of influence of land cover
changes on regional weather conditions/patterns
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Abstract: Wildfires frequently oceur in Ukraine dnrllls agnr:ullum] open-burming seasons in -tpruls
and autumn. High aerosol bons from fi ignificantly affect

processes via direct and indirect serosol effects. To study these impacts, we selected a severe wlld fire
episode from April 2020 in the Chomobyl Exclusion Z (CEZ} and its ding area as a case
study. We employed the Enviro-HIRLAM modeling system REF) Jogical

conditions, along, with direct (DAE), indirect (IDAE), and combined (COME) serosol efects. Tn our
simulations, black carbon (BC) and organic carbon (OC) comprised 70-80Y% of all asrosol mass in the
region, represented in two layers of higher ane near the surf: d the other 34 km
above the surface. Our simulations showed that the inclusion of aerasol effects into the modeling
framework led to colder {up o —3 °C) and drier (relative humidity drop up o —20%) conditions near
the surface. We also observed localized dhanges in loudiness, precipiation (mainly redistibution),

chesk or and wind speed (up to-£4m /5, partcularly during the of almaspheric cold frant. Langer
Cotaone Savencis, M. mode] lations when direct | effects
i M, A'Nm':mil L] ’ Quanh[,mg the aerosol effects is crucial for predicting and pmmplly deh.-du\g changes that mu]d
e, Kl M e . ble weather conditi d wildfires. Such & g tial foe improving
Scambess Modeling of Dinet aed the i of B respanse
it Acresl Efets i, Apei
n Ukrnine. y cl iy jon Zone; forest fires; black carbon; organic carbon; Enviro-HIRLAM
Abmospher: 2024, 15, 550, hitpsc/ {
oo/ 103390, stimes | SIS0RS
Academic Edilor. CGrisa Motk 1. Introduct
Reockerd: 5 Maach 204 Wildfires are a major natural source of aerosols, affecting both air quality [1] and
Herviaend: 19 Apeil 2024 atmospheric processes [2]. Globally, large areas are burned every year, with a concerning.
Acorspleat. 26 Apel 2124 trend towards increased wildfire frequency due to climate change [3,4]. This problem is
Fublished. 29 April 20024 particularly relevant for Ukraine, where the wildfire frequency is rising [5], exacerbated
by the negative impact of the Russia_Ukraine war [6,7]. Among the most dangerons were
(@O wildfires in the Chomnobyl Exclusion Zone (CEZ) that accur in the abandoned radioactively

contaminated areas. In April 2020, a few sporadic fires turned into one of the most dev-

COPYRERL 4 204 by the dulhues astating wildfire epo-ode_f. in Ukraine and raised concern among scientists because of the

Licensce MUPL, Based, Switrerlaed.

Thia articke is n open soess artick: Pfﬁmu-: i ces, e, air quahry impacts [4], emission of radioactive
distrbuted under the bermes and Is [9], and pheri tm""‘li'“‘"l and d of radi lides [10].
conditions of the Croative Comenoes A Is induce cli logical and ical changes at the global [11,12], re-

Adtrbistion (U0 BY) licerse (hatpse s/ giomal [13,14], and local [15] scales through direct and indirect aersol effects [16]. Including
coslivecomemoen.oig lerses /by aernsol effects in numerical weather prediction (NWF) models can notably enhance weather
40/} and air quality forecasts [17]. Previous studies have reported that biomass burning aerosols

Atmusphere 204, 15, 550. https:/ /doi.org,/ 10590,/ atmas 1 5050550 hitps:/ /www.mdpi.com /journal /atmasphere
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Highlights
= Aerosol effects are dependent on certain synoptic conditions.
= Most aerosol effects on meteorology are localized.

= Biomass burning aerosols caused local warming and drying behind
the warm front.

= The diverse aerosol effects detected during the cold front passages.
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& Petdja, T. (2026). Diverse aerosol effects revealed
during wildfire and dust storm events in Ukraine in
April 2020. Atmospheric Pollution Research, 102906.
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Abstract

A wide range of natural disasters and anthropogenic upheavals, including military actions,
have led to additional pollutant emissions into the atmosphere. Aerosols with diverse
chemical compositions and physical properties exert significant direct, semi-direct, and
indirect effects on meteorological conditions. Emitted during natural and anthropogenic
disasters, aerosols can amplify complex interactions and feedbacks in the atimosphere,
altering radiative transfer, temperature, moisture, wind regimes, as well as cloudiness and
precipitation patterns. Using remote sensing data and seamless numerical modeling
results, we present a compilation of studies examining how atmospheric aerosols,
influenced by natural and anthropogenic processes, impact local and regional

metenralneical conditions We foens nn the aftermath of the Kakhavlea Dam dectrction
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and Feedbacks. In: Zagorodny, A., Bogdanov, V.,

Zaporozhets, A., Ermolieva, T. (eds) Nexus of
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April 2020 wildfire case in the Chornobyl Exclusion Zone

Black carbon (BC) and organic carbon (OC) comprised 70-80% of all aerosol mass in the region, represented in
two layers of higher concentrations: one near the surface and the other 3—4 km above the surface.
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The inclusion of aerosol effects into the modeling framework led to colder (up to -3 °C) and drier (relative humidity
drop up to -20%) conditions near the surface. We also observed localized changes in cloudiness, precipitation (mainly
redistribution), and wind speed (up to +4 m/s), particularly during the movement of atmospheric cold fronts.

Under specific conditions, biomass burning aerosols can
enhance unfavorable moisture regime at a local scale
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Studying impact of biomass burning and dust aerosols under various synoptic patterns
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* Aerosol effects are dependent on certain synoptic conditions.

* Most aerosol effects on meteorology are localized.

* Biomass burning aerosols caused local warming and drying behind the warm front.
* The diverse aerosol effects detected during the cold front passages


https://doi.org/10.1016/j.apr.2026.102906

IC patterns

ious synopt

d dust aerosols under var

ing an

burn

lomass

tofb

INg iImpac

Study

© ~~ N MO O
- o © © N © <+ ®© N 0N YO : s <

88 w¥3 9 caae P2I_33ee v 2adr <o o ? 5 on o

® - > I | el - .
o M S T )

[ s O | T | . : ” ; ©

i i f ' Y @ ’ i | | .

i i \ i , | ;

| 1 1 b y i 1,

| o ] ' { o \ m ! 1 m

| 1 1 ¥ o 4 | ' | |

| | N oleg b T (N T 8 N f--g---1 RS | kp R DD G N

1= 7 T i - i > | ! o | , 7 T ©

" ! ! ' g : " : | 1

! ! i | ) I | l

| ) ' 1 I L} 1
L { ! b ! | i | i i
Ty i i ! S , o . Rd . T % =
T4 e R ¥ oo h o .y R

! ! R

R _ —ala > ,V =y ¥ " ;
o & | o el b S 2T
| i | e 1 | !
| el __4 i S ;. R 1o |__3N e e - . o
Om:ll‘lllllllllw..im ! ] ] o | ; i | AN
Ol L ) I ¥ ' L L
k e $ | | ! i

. ! ¢ - Y 240 o

| 1 1 1 ] 1 ] 1 - 1 U 1 1 -

| | | | eg | ' @D o ! | | @ o

e s +-OR D (--F--- B -+ 8 - T P = O&

3 1 1 , i

N | - | ] =] " ; _ " m..

\ | ' D ) 1 D ! L | L

| No ‘opnie D | § No‘opniye ] | L Bl oo ! b 5

| No "8pnijer] ! i 5 £ 2 ] =1 ' No @pnien 1 e

- 0000 R I B e ) TN | h S oo ' ) N ©

o~ -~ o Iy T — o @ N oy — o ) 2

> o 3 < 0 ¥} 0 < v} ) 0 <

wwwwwwwwwwwwwwwwwwwwwwwwwwwwww (2l

I [ % lllllllllllllllllllllllllllll %" 4 v ™

i b i | ,

i ; i | |

| i i \ ;

i h i g

i \ i ' |

| NREEN. . SN LESE 3 NN N § T— LIMER 8 A% WP o o

\ | j | I |

| | : | i 1

i | | i V ,

| i t i | (

R., “““““““““““““ T G B it s i Rt s e @i T P R 7 YR R

{ | : | \

o 1l I
1 | o " —~ e & '

= | () | | |
L | ~ |~ ; )

i | : i | |
A_.v.‘..‘..,yy;.‘.‘.....;:.p;.An0 | ISP (SN ORUSRPOUNRIN| [N LS ORI 5. <> L AR S LoD e A o
Q| i ) ” £ | i ” 2
— N 1 I 1 1 ¥ Ar

| g , ¢ i i

" L w B " ; ; ¢

| e Lo i i A )

! ) )

;;;;;;;;;;;;;;;;;;;;;;; = . ) o ! ! ! kel [e)}

t | - R R Tl R SRR Sl B L o B I RO R R SRR S B s 4

" -1k g \ ' 2 o

! —_ = 1 1 I —

" ! = = I ! ” 2

{ ; i | ' : ; | S

| No ‘@pnmien ] ' No ‘@pnie v 9 ! No ‘@pnine ” 3

oy .o I (PR it B L N I S R Sl - <SS - - @

N o i T e s N
o o (2]
10 :10 “ bl 3& & % @ 3& ....... WlM..‘...‘.hOw ...... %‘.:3
7 0 T I D T W T ey i i Tl ©
1 ' [l ' 1 v ! ! '
W i d 1 | : i il i | i
| | \ A 1l ' 1 7 ” 1 )
i 1 [ i g ! 1
m ” ' 1 “ ' 1 > ” " ” &
i ' h | ; ] b
| == L LI > R A LR rh--1 & o A v i i 5 2 ®
| : ! \ i 1
| | [ 1 u [ i | | “ " ”
{ i { | ' G ; (
L | ! | ! S ! ' i 1 ,
L m ........ M.-_M_,L, ““““ - B2t B e A T W | Py
I 1 ; 3
R | i | | ' s | | ! !
| ! | | N )\ /, | | [ ) '
v = ¥ i 1 e | N I
w7 | RS ! g

7 ' [ 1 ' 1 ' " " “ o
G e e g 8 j-4i---3 W e -8 B3 - am S - ®
(m)y ! y | _ _ , " .

| 1 Cw “ AR 4 AE “ ’ " { w

W h | © | I+ ‘ i | © I o

' ' o | ' 1 ' - ' |

i i (] | i | L © I | Q| 5

=3 ---- - m e S - ——— - T 1 m. ....... e ————— [T (PR dug Bl o o UV TSR | d.2

. 217 : N NERRE | ' El

, | <) i | i § 5 i ‘ =)

- 5 P . g 5 . ” S

| No @pnjjen [l ' No "@pnjieT] i .& 9 ' No "®pnjje’ i i

| - N OO T .. jood @l ) s e 4 b ) " o - = = e N i a

o - [=1 =3 o - o o o~ - o o

w wn w0 < w n w < wn w [to} <

ainjesadwsa) Jie w-g Aupiwny oyoads w-

33

30 31 32
- I b
11 13 15 17

dust
coarse mode

29
05 0.7 09

No ‘apnyneT

33 28

31 32
N opb

0.05 0.07 0.09 0.11 0.13 0.15 0.17 0.19

30

Dust storm, 16 April 2020

dust
accumulation mode

Longitude, °E
29

28

ABiaua onauny JusNgJny

by Savenets et al. (2026), https://doi.org/10.1016/j.apr.2026.102906


https://doi.org/10.1016/j.apr.2026.102906

20242027

QQQQQQQ
...................
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ﬁ Pan-Eurasian Experiment +
A ]

CSC

PEEX-MP-at-CSC

1) ACM-EWAL: “Effects of Aerosol-Cloud-Meteorology interactions on

Extreme Weather events under Anthropogenic Impact”
2) ACM-LCC: “Influence of Aerosol-Cloud-Meteorology interactions on
extreme weather events under Land use/ land Cover Changes”
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Envirog§& = 9.4

on ECMWF HPC

Enviro-PEEX(Next) on ECMWF
Research and development for seamless modelling of
meteorology — atmospheric composition on multi-scales for
the Pan-Eurasian EXperiment (PEEX) domain for weather, air
quality and climate applications
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IRISCC

AMITRA

Fast-TrackCall 4" I

“AMITRA - Aerosol-Meteorology Interactions during

TRAnsboundary pollution cases”.
IRISCC Fast-Track Call for Access.

Supported by the European Commission under the Horizon 2020 — Research and Innovation Framework
Programme, H2020-INFRAIA-2020-1, Grant Agreement number: 101008004



Studying complex aerosol-meteorology interactions

Difference fields between IDAE and REF (IDAE minus REF)
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