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Understanding the Impact of Forest Fire on Ambient Air Quality
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Abstract In 2022, significant large fire events occurred in Uljin and Gangneung, resulting in a damaged area exceeding
23,000 ha. Large forest fires release substantial amounts of air pollutants into the atmosphere, leading to a significant
degradation of air quality. Therefore, it is imperative to analyze the consequences of forest fires to assess their impact on the
surrounding environment. This study aims to investigate various substances emitted during the Uljin and Gangneung forest
fires and enhance our understanding of their effects on the atmosphere and the Earth’s surface. To accomplish this goal, this
study leverages satellite data, numerical weather models, and ground-level in-situ observations. The impact on the ground is
influenced by a combined effect of multiple factors such as meteorological conditions and topography. Among these factors,
the direction and speed of the wind, as well as the height of the atmospheric boundary layer, were the most significant.
Specifically, while wind plays a crucial role in the transport of air pollutants, ground-level concentrations are heavily
dependent on the height of the planetary boundary layer. Consequently, a diurnal cycle is observed instead of a continuous
high concentration. In addition, an inverse relationship between NO, and O; concentrations was identified, attributed to the
dramatic increase in NO, levels and the effects of photochemical reactions.
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Fig. 1. Study area and the specific locations designated for in-situ observations. The Air Korea, ASOS, and AWS stations are denot-
ed by yellow, blue, and red circular markers, respectively. The backdrop comprises a true color composite image from the

Sentinel-2 Multi-Spectral Instrument collected on March 5, 2022.
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Table 1. Primary data sources employed in the analysis along with the associated spatial resolution.

Source Variable (abbreviation) Spatial resolution

Sentinel-2 MSI True Color Image (TCl) 10mx10m
Carbon Monoxide CO Column (CO) 5.5km X 7km
Methane (CH,) 5.5km X 7km
Tropospheric NO2 (NO,) 5.5km x 3.5km

Sentinel-5P TROPOMI Total Ozone Column (O5) 5.5km X 3.5km
Surphur Dioxide SO2 (SO,) 5.5km X 3.5km
Aerosol Index (Al) 5.5km X 3.5km
Aerosol Layer Height (ALH) 5.5km X% 3.5km

Air Korea CO, NO,, 03, SO, PM, 5, PM; -
U-component wind (U)

LDAPS V-component wind (V) 1.5km x 1.5km
Planetary Boundary Layer Height (PBLH)
Wind direction

ASOS / AWS Wind speed -

SRTM Digital Elevation Model 90m X 90m

Table 2. Geographical coordinates (i.e., latitude and longitude) of eight Air Korea stations, along with the distances from the

Uljin and Donghae fires.

Distance from Distance from

Name Latitude (* Longitude () Uljin fire (km) Donghae fire (km)
uJ 36.9972 129.4029 10.49 58.38
NY 37.4426 129.1684 35.29 14.11
HJ 37.1629 128.9867 29.73 35.21
M 37.8937 128.8230 84.04 36.03
YW 37.1740 128.4625 75.54 62.34
cs 36.4293 129.0564 61.45 100.67
YD 36.4201 129.3638 58.20 105.21
UL 37.4841 130.9056 145.62 163.47

LDAPS), £37]4T= (Automated Synoptic Observ-
ing System, ASOS), ®A7]/d= (Automatic Weath-
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=R AlF == 3 arc-seconds A= Th-RIF

(https://earthexplorer.usgs.gov/).
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Fig. 2. Temporal variations of two particulate matter concentrations (PM,, and PM, ;) and four gaseous air pollutants (O3,
NO,, CO, and SO,) in eight Air Korea stations from March 1 to March 15. The units for PM;, and PM, 5 are expressed in pg/m?,
while gaseous air pollutant concentrations are denoted in parts per million (ppm). The ignition time for the Uljin fire is indicated

by a dashed black line.
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Table 3. First PM;, peak time and its concentration for each
Air Korea station.

Name Pea%k time Dis"tance from PM;o
(Date, Time in KST) Uljin fire (km) (ng/m3)

M March 04, 23:00 10.49 311
HJ March 05, 00:00 35.29 254
NY March 05, 01:00 29.73 212
uJ March 05, 01:00 84.04 242
UL March 05, 04:00 75.54 184
cs March 05, 05:00 61.45 276
ub March 05, 05:00 58.20 207
YW March 05, 11:00 145.62 202
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Fig. 3. (a~d) Temporal variations of air pollutants and ambient atmospheric conditions at four major Air Korea stations from
March 1 to March 15. The units of measurement for particulate matter, gaseous air pollutants, planetary boundary layer
height (PBLH), and wind speed (WS) are presented in pg/m3, ppm, m, and m/s, respectively. The ignition time for the Uljin fire
is indicated by a black dashed line.
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Fig. 4. Temporal variations of PM,yand planetary boundary
layer height (PBLH) at the UJ station. The units for PM;, and
PBLH are denoted in ug/m® and m, respectively.

B4 5ot fraske gae AV el d
4). 39 7% 0AJoll PBLH7} ¥4 F0=2 Yol o]
o

& Qlste] of vhbE o] AR A& 7H WA= vrEr
Wk AHER R aEE A7 giFE2 di7138A
S offloll REsHA HE =, Al tirl e HE
A 57t ol ZA AWH Z o7 H It} (Peterson
et al, 2014). Y7173 AZ Eol= Roll= Aot
o= HAst= mf'lo] Utk (Han et al., 2023). 717
AZ o7t & dlol= ti7] & 93 =ge] &¥s
A st 2 s 7 edEd] sEe
dashr] 41 20| =R, Q71 BAS o7t W
2 o= Wit o] ZdgFo] UeRdTh (Peterson et al.,

B R
iy
Jo
>
e
>,
M, O
e,
ik
ﬂ
1
o
o
rJ
e
i)
32,

ok Al B
AL COE AEk 522 §A 517} 3E 7US
7102 thA =57} Z7bsl melo] BakE|Qch

PM, o7 PM, 5= BT Fds #5204 &

et
£
i}
o
i
M
il
32
o
A
o
)
ofn
r =]
I}
E>
rir
Bl
ry

of o b o] I et 23
A9 PM,, B PM, 5= COL IRIA 2 34 7
7|Her FE7F 7t sl WEEL
AE TEaolA= 3¢ 10€0] 7130 =itk

39 49 o]F 39 747 7| LEEA Ot W

1S o

o 2 B

&

330 30 U pre
——UJ post
NY pre
9 o ——NY post
300 4 60 HJ pre
=——HJ post
JM pre
L / 1mfs 2m/s 3myg #mis | M post
= i L
270° LN 90°
240° 120°
210° 150°

o

180

Fig. 5. Average wind direction and speed for four Air Korea
stations (UJ, NY, HJ, and JM). The term “pre” designates the
average values from March 4 to March 6, while “post” refers
to the average values calculated between March 7 and 9.

A {AY el vletel gt A7), 2l o]
AA% 019l Ggol 7 Aoz BARg BA

gulstel vlete] il Shels] e FHFe]
AlshS BT 4 UIIEHIH 5). 5 39 49
o 62 Fre] vlze
vieh B0 B qlglom], YAS] W vig &wst
Agstol gl 9113 A1

$718 % Ql2ich wvle] 39 7R EE vgre) u
o] A vHRII 717} SFeARA HhEE 0GB
of gl el A4 AH3 B1A7] RS A
o Asi9lek B ohjeh 39 427 627

o H7AAIT ol = =4 A=, t7]
AT w7t wo Yg wjof visto] wiEE i7]
LHEEES0] t7] TLz SE7| 4% x30] 5
Bz 23] nAle e tha gasH e 5
ATHH 3).

FAE TELA Al 520 BIshA F A o

27} 39 1092 T4 22 7ERe APH 29 7]

Sh=i7|EEstElX| M40 E M 1 &



1500

o
[=3
=}

Elevation
& Height [m]

Distance [m]

Fig. 6. Elevation and planetary boundary layer height (PBLH)
variations spanning from the Uljin fire location on the left to
the HJ Air Korea station on the right.

135°0'0'E

Air Korea stations

(a) 130°0'0"E

2 ; 03/04 03:00 UTC
03/04 15:00 UTC
03/05 03:00 UTC

40°0'0"N

03/05 15:00 UTC
03/06 03:00 UTC
03/06 15:00 UTC

35°0'0"N

03/07 03:00 UTC
0100200 400 km

03/07 15:00 UTC

/

Attotect-

130°0'0"E

/ 130°0'0"E

135°0'0"E

(b)

0 30 60 120 km

130°0'0"E

Fig. 7. (a) Forward air trajectory results from Mar 04, 2022 to
Mar 07, 2022. (b) The zoomed image of (a). The time interval
between points is one hour.

A= 2Mo| = 7|20 0jxl= gl tigt ofah 111

w
=
«
[+3]
o
<
z
~
<
~
(3]
-
[
*
[+
e
=2
o
®
al
Q
<
@
L
[
=

06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 00

03/05 03/06 03/07 03/08

Fig. 8. Forward air trajectory results with vertical distribu-
tion from Mar 04, 2022 to Mar 08, 2022. The time interval
between points is six hours.

Fo 2 <lstol 7] @ GRgo] 47 SArEIA] 2ol
= 498 Aow BAHItHIH o).

9l Aol it ZAE AlAlSkLA HYSPLIT 29
9] A4 AIE FE31%.2, Global Data Assimil-
ation System 7|/37%-S &-85to] 4 Ay F o<l
39 4¢ 03 UTCHE uff 124]7Hatct 2 124]17H9]
HYSPLIT forward trajectory 2@ &2 =35}t A
ZF N AHE A9 1 E VeEshe] 250 m=
A5kt

male] FoHg 1A% 142 4 Az FE

AT A, 39 5WAE PO R wEA o]5s
L 9 396U s FHeIA vlwE el

o] FotHA B4 HORO| PP YR = o=
EPTH( R 7). ol A, A T
2 O71B8AT Eol FRE 0|85

°
By
2
>
1o
=

Hir
b
£
A
=
=
jus)
I
el

2 QAT ek E, 0% WP olefel AN B
Z4t 20 9 £ BEEGO, & B4 vl
A &7 BE2A o] Bt SEY e} ekt
RS SIS Gtk 24 BE40 T 25 B2
dollA] o] WSk ASHE ol A WA

J. Korean Soc. Atmos. Environ., Vol. 40, No. 1, February 2024, pp. 103-117



112 AR 2, Holl, A

) A5 o= 5], 5, o3 A Telute] W
5] fvbo]l FFS WS 4 9, A oF AMe] A7t 29 F 2L BAGHATH (https//kfem.orke/
Q7 gon A5otA A8 e WA & p=232067). 38 4LHE 6L7HAE AE A o] 2
97 Wolch(1H 8). go] A&H Lo, 3¢ 7UREE FE AL vt

o] SAlslo] FAF BEA47} LR SreIA0} ARk

3.3 RESEYE 2=A0 0R ST 2N o] F5k A Gl YIS = (™ 5). ol 2fet

9 AE Fote] EAER dSAd FFES vl 71 20 wskel dHA Rart FAF A HeA]
2 Aol A vegen, 288 . M9 50,5k o] ¢gle g FAHch
7F o Agelstiz] mieell 22 sk HakE v O,& Aitzor HE BERA FARE AIAD
SHT CO, PMyg, PM, & &3 #5404 w0 sk W3t g Hol9la, AHE g 219l 39
e 7P HEEE B S0, BAE 5L 4YRE ¥} Aol 2S FAEHHA oF 347 s
o 7H Y= Wol & A= HEilth =2 FASIAH. O Al A% 3t B2 BEE

SO = Bt EFolut AE &2 ARl el /AL A= Wi o] Higlo] NO,ollA AL
o) HiEE & o F= oY =] A, i th NOy= 25]8 AR T 2921 39 44 o] % oF
Az, i A E2 IE B5o] SRt HiEdelld 247 AeEE fAISHTE 0,71 B AtolES 1=
Rt (Lee et al., 2011). BF2EAg 2w oh= Al7]oh FAlo s Aol Uerdth 0, 3
2023 3 = S L0] ZRE AR ZE dlo] ZAE

! 0.06
I
3 i —_
= £ 0.04
g 2 i 2
£ ! i
8 il ! <z) 0.02
O i s = S T = | 1Y ol ! e
Mar 01 Mar 04 Mar 07 Mar 10 Mar 13 Mar 01 Mar 04 Mar 07 Mar 10 Mar 13
2022 2022
1000 I 0.1 I
I I
— 800 | 0.08 | HJ
mE | X Lo — M
= 600 I € 0.6 n A Wb lll — NY
1S : o /i ol N — uJ
= o 7 LON A\ | \
= 400 ' = 0.04 o Al | \! |
e 1 d ‘ W J \} W
= 200 L M A O o0 1 |
a 0 ot : . DA ‘*4 Ay 2 0 1
Mar 01 Mar 04 Mar 07 Mar 10 Mar 13 Mar 01 Mar 04 Mar 07 Mar 10 Mar 13
2022 2022
1000 T 0.015 T
I 1
— 800 | HJ |
ME ! — JM —_ !
= 600 . — NY 1S .
£ 1 o 1
= I — W Q
= 400 i o
n N
I’ | (o}
S 200 | (%)
o | =
0‘,,,, - s AR oy = —— = -- 0 s
Mar 01 Mar 04 Mar 07 Mar 10 Mar 13 Mar 01 Mar 04 Mar 07 Mar 10 Mar 13
2022 2022

Fig. 9. Substance-specific temporal variations of air pollutant concentration at the four Air Korea stations. The ignition time
for the Uljin fire is indicated by a black dashed line.




S 280 7 JAH T} (Jaffe et al., 2004). £5], NO,
L7} e AL NO,9 Z7171 0,9] Z71e9t
H|g5hH, gt 2 VOC 527t W2 X794= NO,
9] Z717F 05 &9 7R FA| o]o]2|A] ¢l 7]
2] vOC9] s of ]ttt (Shon et al., 2010). &

= OE 50 Hof H2aRe] iy 248
o] ehfotal Qlo], X1 4HE TAY A At O
VOC7t HH&EH 9 Aoz Holtt 39 49 94
sHEo] HAYSHHA NO, F&7t 555k, ool o
gt 7] F ARt 4l 0; AFEE o] BiEsHA =HH
A geke} gkgo] &ihs] dojuk NO, 5% ©F 0;
T A FA435] F7IeE A0 Helrt 39 5U R
= PBLH7F A 0 &2 oA 11 AFAF vigo] 7
SHA| BHA Aol ofef AR wiEH 13} ti7] ¢
=4o| Folf £O=& o5 9 gHitsto] o] EXFNO, &
L7b o9 ol = oFo] yEhgTH(I|™ 9). 12

o EIAE 0,5 44 D Rofd 4 = D
”FO

o |o

L1l

2 1o g8 ©

boofy 1%
O

ik

i

o\

Arspgo] REATA ST 717§t 0,7 Lk
F718 BASKT ALHQ DEEE fAT AR
oItk 39 79N e 2 554 vl 2]

=
AlErsh Hi7legede] WsEder olFsier
NO, =7k Ak 7ok Fde Easkt. w2t
A, 05 A3 Fsi7t &S dold = e =
o] FXEWUA GRst F71E du% Aos wd

e},

3.4 TROPOMIE S¢t Ci7| S0i|lAM2
HSE W}

TROPOMI AIAE F5to] 7] FolA9] e dEd
HiE 2 QI HgkE yharstalz} 61¢l oL AL NO, T
A 42 Qlole A A W A& A5o] Ay
StAL AR QIRE HiE EA ol &-8-5t7]of At
& AFESHA] EoFith TROPOMI AlA = XS
&7 L= o] 0; AA=E AAtskAIRE, tiRd
T AR 0| A% 715 W] JFE A = A Y
Q1 91% —200014 205 Afo]o] A z]Hofl tisfARt
AFEBR AT A= DS 0; & A=)

A= 2Mo| = 7|20 0jxl= gl tigt ofah 113

7}-85FATh (Kang et al., 2021). A& O, & AR=
QEZo] f1AIskaL glo] A ti7] 5 052 90%7F <l
25k A 5EE Xgols gor, AER gt
A0 &gstr]ol= ofFol STk s0,9]
Abz ApA oA ALZL 2K T 2 o) ofo]RE0] &

2] QUTH(ESA, 2023). WEkA|, 7] Alg=He E%
EA A E g A AR EA 0 2 9l5)o] o o] 2 F
o] FE5IRd T Al7]<t Aol A FaETE e A
Z51A] E5lo] AHER QIS HjE BEA o= AMESHA
ALY AR HjE A] ZHFHQ] ofoj2F B STt

v}

50] ol B4 7H8 T A= F5o] ofele B8
© W 714 02 AHolol & Bast Qe

4] GF Aglel et 7= B
72 F459r 39 42 1A &

ol 2Lo] Al FFo]l 6 oA R I
Fote A2 0T 4= AATHIH 10). ATV} I

1
T, 27 olozE dAkEol EAIRH A

o
oN o
)
Rl
it
i
1
)
1o
-0,
rl

)
N

o)<l 7
el 4= Atk (Torres et al., 2020). 39 5Yof 7450
M 4HEo] HARE F, T Aol BE =2 AL

o] Tt 38 8Uoll= &5 AlEo] HA Zst=
o] Al gto] 1 A A3} FARE FEO = SJEE o

=il AtEe N7 A5 0 R w2 Al ghe
HA 39 2UFEE F A9 Ahze] tiFs 1
SEjof, At A 2199 Al gro] 9 A 93} A
th=2] oot 53] 39 57l = AFol = Al
Zo]olA] ofozEo] S Hoz olFstA o 6
HE Y52] F&0] Sol5HA ooj=Ee] ivew
T SHrE7] ARfehelt. o2fet Avte Hi71E B
2o ti7| e A= Fke Woket dSole ANE
HojEn

J. Korean Soc. Atmos. Environ., Vol. 40, No. 1, February 2024, pp. 103-117



03/04

—Wind direction
® Fire
Air Korea

30"

36°N

128% %

. . “0
129° 3 130°€ 3 131° ¥

- \—Wind direction
® Fire
Air Korea

36N

O] 9
128°E *°

: : ol
129° 3 130°€ 3 131° ¥

Fig. 10. Spatial distribution of the aerosol index from March 4 to March 9. The wind direction is calculated from LDAPS u and

v vector data (U and V).
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Fig. 11. Spatial distribution of NO, vertical column density from March 4 to March 9. The wind direction is calculated from

LDAPS u and v vector data (U and V).
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