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Post-Fire Recovery Trajectories of Cold-Temperate Forests and
Their Response to Climatic Factors
YAN Mengyun'?, PENG Shuangyun'?, CAI Fapeng', WANG Weihang', CUI Biting', XIANG Yezhou'
(1.Faculty of Geography, Yunnan Normal University, Kunming 650500, China; 2.The Engineering Research Center of GIS
Technology in Western China, Ministry of Education, Kunming 650500, China)

Abstract: [ Objective] Accurate assessment of post-fire vegetation recovery trajectories and their driving
mechanisms is crucial for understanding forest ecosystem resilience. In particular, how burn severity modulates
the sensitivity of recovery processes to climate change is especially critical.[ Methods ] Based on the Google Earth
Engine (GEE) platform, Landsat time-series data from 2006 to 2024 and the LandTrendr algorithm were used
to systematically analyze the 18-year vegetation recovery process following the 2006 megafire in the Gala
Mountain Forest Farm, Heilongjiang Province.[ Results] 1) The overall post-fire vegetation recovery exhibited
a "fluctuating upward" trend, with the normalized burn ratio (NBR) increasing by 0.01 per year on average. The
pre-fire NBR level was exceeded in approximately 10 years, demonstrating strong ecosystem resilience. All
burned areas recovered to 80% of the pre-fire level in the first year after the fire (Y2R80=1) , reflecting an
extremely fast initial recovery rate. 2) Burn severity significantly shaped the recovery trajectories. Although high-
severity burned areas suffered the most severe initial damage (ARI=—68% ) , they exhibited the fastest long-

term recovery rate, suggesting a recovery pattern potentially reliant on pioneer species regeneration. In contrast,
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the recovery processes in low- and moderate-severity burned areas were more stable. 3) Multiple linear
regression models confirmed that land surface temperature (LLST) significantly inhibited recovery (p<<0.01) ,
whereas precipitation (Pr) significantly promoted recovery (p<C0.01). Critically, the intensity of climatic factor
impacts was significantly modulated by burn severity. The model’s explanatory power for high-severity burned
areas (R*=34.91%) was much higher than that for low-severity burned areas (R?*=26.77% ), and the negative
effect of LST was strongest in high-severity burned areas. [ Conclusion] The findings reveal that severely
damaged ecosystems are more sensitive to climate change, particularly to high-temperature stress. This study
provides a key scientific basis for differentiated and climate-adaptive ecological management of post-fire cold-
temperate forests.

Keywords: forest fire; vegetation recovery; burn severity; ecosystem resilience; normalized burn ratio (NBR) ;

climate change
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2015 4FE M) ART®E # 1 100.00 % , 52 B kR AR g AR
AABE . SR, KRt AR A R E T S R ™ B R
BEREAML, BEVFEEEZA YO R,
e T DX AR I sl dR R (0.052) , B 3 T E
(0.048) A FE (0.046) [X 5k , & B 52 41 5 ™ & 1 A 25
R G AR 2o A8 v G A B P 45 A8 T Ok BURR

TER 5 )5 W1 (2016—2024 4F ) , R4 i A X 38 (1)
Vi 52 K ST 340 4 5 A v 00, (ALK B R RV ) R B
B 25 5 o ™ B R RE X AR W ) A2 i Lo
TR U Bl e R, {H H S 010 52 1Y 4 XoF 38 (i 2019—
2024 4 ART Y38 IR D R BLIE | i 30 45 o ) < Ik 52
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Table 3 Calculated results of ARI and RRI under different burn severity levels
0 ARI RRI
(iNEREy e TR R fei L AR IR BE A e RS i B AR

2006 —51.48 —59.34 —68.00 0 0 0
2007 15.35 18.72 15.38 129.82 131.55 122.60
2008 —30.99 —32.11 —39.90 39.78 45.88 41.00
2009 —14.59 —13.06 —12.98 71.87 78.00 80.90
2010 —1.26 —1.86 —5.74 97.55 97.00 91.50
2011 —14.48 —14.30 —15.67 71.88 75.90 76.90
2013 62.99 68.80 67.40 221.00 215.80 199.00
2014 108.74 114.82 110.00 309.00 293.50 262.00
2015 111.96 118.83 113.30 315.00 299.00 267.00
2016 84.86 90.87 85.20 263.00 253.00 225.00
2017 68.39 72.99 69.20 232.00 222.00 192.00
2018 62.67 68.05 61.10 221.00 214.00 181.00
2019 52.67 57.33 52.70 202.00 196.00 177.00
2020 52.95 61.38 58.20 203.00 203.00 186.00
2021 89.76 94.20 89.50 272.00 259.00 232.00
2022 60.00 60.70 58.40 230.00 202.00 186.00
2023 73.46 75.50 77.90 245.00 227.00 215.00
2024 91.19 97.25 91.80 277.00 264.00 235.00

24 SEEFHEREENZME
M2 4], Z2ou LRk M 40 #r 2 0, M R IR
(LST) 5 # w0 ¥k & 8 50 (NBR) 7E A [5) Bk 5 ™ 5 F Jif

IX ol 34 AR G, B LST F s 0 A gk &, B
) 5 i R o 7™ L A o R 4 5 (R P R
B R LST & 5043k — 40.06. — 47.60, — 48.36) ,
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Table 4 Multiple linear regression models for NBR under
different BS levels

Wk e bR . Fit
N - N hpe — § 7R - g 2
FIRIE T A E R R B g 2 MOME o, TR RS
18 -5 WL B S B B RS A SRR B AR B, constant 1154.98 0.32  3663.90
R TR i A 35 06 B 9 T T R A R T 6 LST 4006 001 —2735.73 2077 93276
XA o AR LR A IE X KK IGESBE Pr 33.23 0.10 321.02
PRSI R B P R X T X IR constant 1295.87 0.31  4212.07
8, A R R DX AT AR AR R KR DA A R W LST  —47.60 001 —3323.29 o279 7728
AR AERE O A AR TR W 1) i S SRR 2 S Pr 76.240.09 82240
=t ¥ constant 1 338.35 0.81 1645.10
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Fig.7 Fit diagnostics and climatic responses of multiple linear regression models for vegetation recovery indicated by NBR

under different burn severity levels
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