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Assessment of Air Quality Impacts from a Large-Scale Wildfire
in Gyeongbuk, South Korea, in March 2025
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In March 2025, South Korea experienced massive wildfires in the Gyeongbuk region, resulting in the destruction

of approximately 48,239 hectares of forested land. In this study, we aimed to evaluate the effects of various combustion

by-products generated by the largest wildfire ever recorded in Korea had never experienced before on the surrounding and

wide-area air quality. Specifically, the emissions of CO, and CH,—two major greenhouse gases released during forest biomass

combustion—were theoretically estimated. The average PM, 5 concentration in Andong City during the wildfire period was

119.05 ug/m3, and it significantly exceeded the daily average national air quality standard (35 ug/m3). The elemental

concentration of PM;q in Seosan, hundreds of kilometers away from the wildfire area, increased by 88.77%, and Pb, a heavy
metal with well-known health risks, increased by 14.05%. In addition, the effect of wildfires in Gyeongbuk reached the west
coast of Japan, and PM, 5 concentrations increased by 20.83% and 5.75% in Ishikawa and Shimane prefectures, respectively.
The estimated emissions of CO, CO,, and CH, from the Gyeongbuk wildfires amounted to approximately 0.22 Mt, 3.13 Mt, and
0.015 Mt, respectively. The amount of CO, released corresponds to the annual uptake of approximately 2.7 X 107 trees with a

trunk diameter of about 30 cm.
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Fig. 1. Satellite image showing wildfire smoke moving toward the East Sea due to westerly winds (NASA Worldview/Reuters,

2025).

Mar. 27, 04:30

(gim?)

>101

51-100

31-50

0-30

Fig. 2. PM;, concentration map of South Korea at 04:30 AM
on March 27, 2025 (Kweather, 2025).
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Fig. 3. Emission amount of carbon monoxide and PM, 5 on South Korea before (non-episode) and during the massive wildfire
on March 2025 drawn through the Global Wildfire Information System (GWIS, 2025).
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Fig. 4. Three-dimensional distribution of PM, 5 concentrations (ug/m?>) in Gyeongbuk, South Korea, in March 2025.
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Table 1. Average concentrations of PM, 5, NO,, and CO before (non-episode) and during wildfires.
PM, s (ng/m?) NO, (ppb) CO (ppb)
Sites
Non-episode Wildfire Non-episode Wildfire Non-episode Wildfire
Gimcheon 21.08 29.84 13.41 13.22 350.15 354.92
Andong 21.81 119.05 13.38 14.20 541.99 992.06
Uiseong 17.96 80.06 7.88 10.67 339.00 566.03
Cheongsong 18.70 54.89 11.06 9.44 278.77 336.19
Yeongyang 19.80 47.47 10.49 10.88 330.34 392.06
Yeongdeok 14.92 24.36 5.11 7.64 299.27 580.32
Yecheon 17.68 47.84 6.35 9.83 362.75 518.89
7-site average 18.85 57.65 9.67 10.84 357.47 534.35
% increase 205.82 12.14 49.48
= 120
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. 100
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1 X H}‘/\H Z Q] 10122l g0l OG.B. vs. C.N.(r=0.96)
ot 29 selle Ahe 64 29~34 67 0] 268106059

AHE717E(3E 229~39 289) B AHE ddA <l
ZE(GB) ] PM, (g/m’) FE0} Q1 A A (55
CB., &9 CN, ¢4 L.C)Y =& 7H AAHAE Vet

et &, A=A o APt f5w 39 259 3

2692] PM,, HoJEl= 7oA BiASH3T

9 500 YRR 29 7 ATAIS (n) AR 9
A 7174 0.349014] 0.78S Bl WhA AHE 7|7 &
o= 0.56°14] 0.96. 0. & L}ERT A2 0 2 =0 Al
A4S Btk 59, S50 S A9 B¢ JeAs
()7F 242} 0959} 0.96 0.2 - ZJ et HEAS B
of, o] T 2 %9] PM,, Fiet= AR AR T

< 270 Beke Ao AR,

PM, (ng/m?)
2

40

20 40 60 80 100
PM, (ng/m?)

Fig. 5. Correlation between PM;, concentrations (ug/m3) in
Gyeongbuk and those in three neighboring regions (Chung-
buk: C.B., Chungnam: C.N., and Incheon: 1.C.) during the periods
before the wildfire (top: Non-episode) and during the wildfire
(bottom).
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Table 2. Element concentrations in two areas (Cheongju and Seosan) located away from the wildfire region.

(unit: ng/m3)

Cheongju Seosan
Ca K Cu Pb Ca K Cu Pb
Non-episode? 77.78 263.59 4.48 8.1 68.24 309.04 4.04 13.24
ADS + wildfire 369.23 450.83 6.67 11.96 454.80 456.71 4.72 15.44
Wildfire without ADS? 156.14 323.31 5.14 14.14 128.82 373.18 4.04 15.10
Increased by wildfire (b-a) 78.36 59.71 0.66 6.03 60.58 64.14 0.00 1.86
IRy (%) 100.75 22.65 14.67 74.36 88.77 20.76 0.06 14.05
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Fig. 8. Time-series variations of PM,o.,5 and PM, 5 concentrations (ug/m°) at two western costal sites (Ishikawa and Shimane

Prefectures) in Japan in March 2025.
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Table 3. PM concentration (ug/m?) at two western coastal sites in Japan in March 2025.

PMio2s (Hg/m3) PM; 5 (ug/m3)
Ishikawa Shimane Ishikawa Shimane
Non-episode® 3.58 7.46 12.06 16.28
ADS + wildfire 8.13 13.13 30.46 27.33
Wildfire without ADS? 5.02 8.51 14.57 17.22
Wildfire (b-a) 143 1.05 2.51 0.94
Rate increased by wildfire (%) 39.99 14.10 20.83 5.75
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Table 4. Estimated emissions of carbon compounds from
wildfires in Gyeongbuk, South Korea, in March 2025.

Gases W, (kg) F. MWrg AW, Gg (Mt)
co 0.1 28 0.22
Co, 9.6x108 0.888 44 12 3.13
CH, 0.012 16 0.015

Cr: UESF (kg) G BATFY](0.5) (Son et al., 2014)
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The data from NASA Worldview/Reuters, Kweather
(https://www.kweather.co.kr), the Global Wildfire Infor-
mation System (GWIS) (https://gwis.jrc.ec.europa.eu/),
the Japan Meteorological Agency (https://www.data.jma.
go.jp/env/kosa/fcst/), and AirKorea (https://www.air
korea.or.kr/web/) provided important references for the
data discussion and were highly helpful for data inter-

pretation in this study.
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