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Abstract: The unprecedented escalation in frequency and severity of extreme wildfires presents profound challenges to
global climate-change mitigation and to the achievement of carbon neutrality. Recent analyses show that annual burned areas
now approach 4 million km” and release roughly 7.3 billion tonnes of CO,, equivalent to about 13 percent of anthropogenic
emissions. Boreal and Mediterranean ecosystems in particular have experienced longer, more severe fire seasons in response
to rising temperatures and prolonged drought, highlighting the urgent need for more adaptive monitoring and management
approaches. In China, although considerable progress has been made in deploying satellite remote sensing, unmanned aerial
systems, Internet of Things sensor arrays, 5G communications, and artificial intelligence analytics, these advances remain
fragmented across airborne, spaceborne, and ground-based platforms. As a result, fire detection is often delayed,
situational awareness varies throughout the fire lifecycle, and resource deployment remains suboptimal. Three principal
challenges have been identified; the lack of unified data standards and interoperable interfaces; underutilization of high-
resolution, real-time observations for precise fire-line mapping; and limited conversion of raw sensor outputs into actionable
intelligence for incident command and post-fire evaluation. To overcome these shortcomings, we propose an integrated
information-infrastructure framework comprising five interlinked modules that align with China’s carbon neutrality vision.
The first module is a centralized wildfire database that consolidates historical archives and live sensor feeds. The second
module forecasts fire risk by synthesizing meteorological, vegetation, and topographical inputs into fine-scale hazard maps.
The third module provides real-time monitoring through satellite thermal anomaly detection, unmanned aerial
reconnaissance , and ground surveillance to achieve rapid perimeter delineation. The fourth module is a command and control
platform offering interactive dashboards, Al-assisted decision-support for suppression tactics, and dynamic resource-
allocation tools. The fifth module conducts damage assessment by applying burn severity mapping and carbon-emission
quantification algorithms. These modules communicate via standardized data schemas and open application programming
interfaces, enabling seamless cross-platform analytics. This unified approach enhances early detection accuracy, accelerates
emergency response coordination, and improves the precision of carbon-emission estimates. Across the pre-fire, active-fire
and post-fire stages, the system supports four operational scenarios: predictive risk assessment, real-time incident
monitoring, suppression coordination and post-fire evaluation. Incorporating stakeholder training, iterative feedback loops,
and compliance with international data-sharing protocols ensures continuous optimization of the infrastructure in step with
emerging fire behavior research and technological innovation. By delivering precise situational awareness and robust decision
support, this framework will bolster China’s resilience to intensifying wildfire regimes and furnish the essential data and

analytical tools needed to meet national carbon neutrality commitments.

Key Words: global wildfire trends; wildfire management; climate change; fire monitoring; carbon estimation
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Jit, FETE 2020 5L TR BA EOR A EE AR T A SR bR, B R E R A R TR B
SR IUH A 7 A BRI , CO, HE ) 4 T 2030 AFFT A B, 45 )4+ BT 2060 4F 17 SEBAR AT, BF KRG
HbARAR b NS SR A S R G0 R 55 728 SR, S e Bk HE A i) 3282 A AR 2 — 2023 4 4Bk ko
IFGAF] 3.84 12 hm?*, KK T HTAY 2020 4F (3.51 12 hm?) 2021 4 (3.54 12 hm?®) Fl 2022 4E (3.29 12
hm*) ' 2EREF KRR CO,,2023 42 BREF K HECR A 2 T 25.24 42 v, Horp 30% 5k A & KA 28 5%
(9 KR ZET5 ) 2023 4F, 2 BRFH) CO, M EE T 15 F 419.3 x 107 mol/mol (TS Y . B4 EF K EFKINK  TEL
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ST S HE KAEAESTT SR — T R, NS E AT JE A RO B R A T ELNR IR S A B R T K
FRIE M HESN St 2 — BT AT 849% 1) I FIBF A, S TRIE 1 AN 2ET0 sh 5 1R . A SCR 7ELRIR S
PraseREFIOES FERIC R A S, b 7B JCR P B R i e A Pk AN BRI B AR B IS

1 EKRFAEE

1.1 2 BREF AR FUSA TS B (H AR KR T AR T

BT PR B TR BRI S 1 255 PEAS s, 2001 4E 2 2019 AE4BR KBS 1 FRIS D T 27% 7 , iX
PR ka4 R AL AR KB R B KR FRITEL, 1998 4E 2 2015 4F, JLARRY B F R AL FRE T 419, i
AR R KBTS B g ka3t 1Y 52001 4EAH HE, 2019 4E AR K R 1 KBS TR ARG AN T 3 T F 07
ON L (TR 290 25 T ORI A [ mi A ) 1 G RRER AR kI T R e ) kS T VG VAR ) AP K R
T RBELLIARIE N T 49% " . INAEERIRER , Jb 7 BRI KU i 1A AR 2 1) 5 17 (69%—T73% ) , HEik
JE I (19%—22%) AT (17%—21% ) R FRAK (6%—9% )", 2001 4F & 2021 4F ], ERAE 4B k
B i i AU 398 7 kN MY T 6 ANEEAIE LA, 2021 AF A BRERA I KO ALR F ARG 9.3
T3 km? AR R A (PR BE S TR K ) = 2 — DL b, RS 2022 AR5 B —AEAH LA B R R, (23
2023 A, 45 4 K I B P — MR, A EREF K ELHE F 3 250 2 BT,

1.2 BPRRIER o B K 0 &

TR EBARTIFE LB, I 1979 4E3) 2019 4F | £ ERAYFHI4EFE AR BIIER T 144, Hedin k
PRSI MR A — 255K, 1979 4F 42 BK 25% A8 9 b 3% 32 W g K9 RS, 1T 2] 2020 4F 3 — 2 4E
Pl 3 Z AR KRR I HAER R 2804 8 R G ] SRR S B SR AU A TR At 3 Bk
JET R W IS SR, A BRI I 59 177 [R) B K BRI T 40 ARk T B ZERRET A I 110h S ki
RANY 5K IEAEFL AN B RAUBEET kS5, 7E95 0 ,2018 - 6 H 11 H, T 51 A MM R HE AR K, K
KEFFLET WU, b5 T 5400hm’ B ARAK 2018 4F 8 N ALFR A PR L KO A 2 T —& BRI T2 2
Ak, i K E AT 11.8 J7 hm®, 2018 4F 11 H 8 H, ikt b4y B R A A & Tz o8 b B Lk 3R
PEE I K, 18 86 AFET=,200 Ax N, ESEIT, £E 2000—2020 4E (0], 36 [E - B4R 35 J7 & b B 9k
BRER . T LA b I S 2 ) A AN R A M SR, AT ST T 21 2 DR R 14 35 8 i B A
(>10000km*) (% 1),

F 121 LR PR & BRI N R (>10000km* ) 5T
Table 1 List of extreme fires (>10000km?) globally since the 21st century

e KK P i KR km? E =BG
Ranking Wildfire Country Burned area References
1 2002—2003 Australian bushfire season R 540000 [17]

2 2019—2020 Australian bushfire season BIFIE 398000 [18]

3 2021 Russia wildfires 2 200000 [19]

4 2023 Canadian wildfires YN 185000 [20]

5 2009 Black Saturday bushfires TRAF 45000 [21]

6 2019 Siberia wildfires R 43000 [22—23]
7 2014 Northwest Territories fires JIEVN 35000 [24]

8 2020 California wildfires eS| 17800 [25]

9 2010 Bolivia forest fires B ) A W 15000 [26]
10 2011—2012 Australian bushfire season TAF 14000 [27—28]

11 2006—2007 Australian bushfire season KT 13600
12 2018 British Columbia wildfires JIE DN 13500 [29]
13 2017 British Columbia wildfires JIEPN 12000 [30]
14 2015 Russian wildfires e 11000 [31]
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1.3 HELCRMERS , R BREF K HOR 50 F R

H 1911 % 2021 4, 2RO R 470 R E R ED 10 AL ESET-AIEF K 0F , 2B 10 0 80 B k&
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Fig.1 Locations of 22 deadliest Wildfire Events in history
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Fig.2 Wildfire-climate feedback loop mechanisms
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Table 2  Satellite sensor parameters and characteristics for wildfire monitoring

H A ZE [ R

HRREE TR HWRAH GIRAVE e Revisit Spatial s 735 EZ PN
Sensor Satellite Launch date Agency P . Advantages Disadvantages References
frequency resolution
ORI Fsf 1) .
OLS DMSP(8-15) 1972 NOAA 1d 560m ?ﬂw Rl J6 R H A [68]
K
Landsat(5,7 Do e
TW/ETM+/0LL ¢ %) 1972 USGS 16d 30m K751 A i) 2B AR [69]
AVHRR NOAA(6-19) 1978 NOAA 1—2d 1.1km AR5 23 i) 73 Bk [70]
e/ Ak 23 [ BERAR (87T
IMAGER GOES(8-15) 1994 NOAA 30d Sk I B 3 R e SelRF I, 2 i E [71]
" 76 335K A
VIRS TRMM 1997 NASA 1—2d — — — [72]
VGT SPOT(4-5) 1998/2002 ESA 1d 1km ZE A PR — [73]
%ot 52 i 5 i A
250m/500m/ Gy ARI, BT ZS ) 3.9um U B AE 500K
MODIS TERRA,AQUA  1999/2001 NASA 1d o . 74—175
AQ 1000m FORHABRR WA, L B )
400K {11
BAPRILINE L,
2] y
Suomi AS \ B
VIIRS ;liffi l\lzip/ 2011/2017 Egi’z/ 1d 400—800 15, BERE R NEL ﬁ(ﬁfﬁ? [76]
FAEHE KK ’
] 43 FE i, gk
Himavwari-8 Himavari- 8 2014 JMA 10min 0.5—2km [ WSS SEAHERIC [77]
H [ AR X

OLS : A H 95 R 48 Operational Linescan System; DMSP; 58 [H 75 ZE [H B L% T B 7141 Defense Meteorological Satellite Program; TM ; % il B {{ Thematic
Mapper; ETM+; 145 % 8% X Enhanced Thematic Mapper Plus; OLI:; i #1 s f% X Operational Land Tmager; AVARR : S5 5 /0 B % 55 5 1 Advanced Very High
Resolution Radiometer; NPP; [ % % # %1 78 k £ T National Polar-orbiting Partnership; NOAA ; 3% [ & % ¥ v Al K5 %% 1% National Oceanic and Atmospheric
Administration; VIRS : F[ W36 52T /MAH X Visible and Infrared Scanner; VGT: fHHfZ &% Vegetation Instrument; MODIS : H1 43 HF % i £ 3 X Moderate Resolution
Imaging Spectroradiometer; VIIRS ; 1] WL 36 £ b it 1% 4 4% Visible Infrared Imaging Radiometer Suite; GOES; HbEK [F] 42 7 3135 X 4 TL&E Geostationary Operational
Environmental Satellite; TRMM ; #1745 TL& Tropical Rainfall Measuring Mission; SPOT; Bk Wil T/ &2 Satellite for Earth Observation ; USGS; 3% [E ik 4% 5
United States Geological Survey ; NASA ; 32 E i fiii K J7) National Aeronautics and Space Administration; ESA ; BRI i K J& European Space Agency;JMA; HAS AT Japan

Meteorological Agency
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Table 3 Typical systems and information platforms for global wildfire monitoring

B e 4 7 fiT g o st e
Database name Description Website link
FIRMS ( Fire Information for Resource PR A ER S A KT W I A RS AR R 55, T

Management System) NASA {5 MODIS il VIIRS $HE. https ;: //firms. modaps. eosdis. nasa. gov/ map/

BRI BRANC BUR B MK W U PR R ,
UNEP *ﬂ&"iﬂ‘l%ﬁ%‘ﬂ}éﬁﬁ%{FPAL‘;E’JA?EFEEIU PR/ gwis. Jie- cc.cdfopa.eu

FIF NASA [ VIIRS F1 MODIS T 5 % £2 {1t 4> hitos.// lobalforestwatch.org/map/
S : www. globallorestwatch. or; mayj
BRI ST RIS R 5 ps: 8 P

Global Wildfire Information System ( GWIS)

Global Forest Watch Fires (GFW Fires)
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