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Influencing factors and prediction models of surface fire spreading rate of typical
coniferous forest in karst ecosystem of Guizhou Province, southwestern China

Zhang Yunlin'? Luo Hua' Luo Aixia' Sun Tiantian' Ding Bo'?
(1. School of Biological Sciences, Guizhou Education University, Guiyang 550018, Guizhou, China;
2. Key Laboratory of Forest Fire Ecology and Management of Guizhou Province, Guiyang 550018, Guizhou, China)

Abstract: [Objective] The karst ecosystem is relatively vulnerable to forest fire due to interlaced
agriculture and forestry and the fire source, which poses serious impact on the restoration of karst ecosystem.
Thus, investigating the spreading rate of forest fire under no-wind and zero-slope conditions was of great
significance for the restoration of vegetation and forest fire prevention in this region. [Method] This study
focuses on the surface combustibles under three typical coniferous forests within the karst ecosystem. Under
indoor no-wind and zero-wind conditions, coniferous beds layers similar to those found in the wild were
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constructed, and 188 ignition experiments were conducted with different gradient combinations of moisture
content, thickness, and loads factors as variables. [Result] (1) Under the same conditions, there was no
significant difference in forest fire spreading rate between Pinus yunnanensis and Pinus armandii, but both
rates were significantly higher than that of Pinus massoniana (P < 0.001). (2) The moisture content of
fuelbed could significantly retard the spreading rate of all fuelbed, while the height of fuelbed had a
significant promoting effect, and the loading had promoting effect on the spreading rate of the needle bed of
Pinus yunnanensis and Pinus armandii. (3) Fitting with additive model, the mean absolute error of spreading
rate of fuelbed of Pinus massoniana, Pinus yunnanensis and Pinus armandii was 0.013, 0.029 and 0.020
m/min, respectively, and the mean absolute error of multiplier model of forest fire spreading rate of fuelbed
of Pinus massoniana, Pinus yunnanensis and Pinus armandii was 0.014, 0.023, 0.018 m/min, respectively.
Besides, both prediction models could explain over 75% of the dynamic of forest fire spreading rate. (4) The
mean absolute error and mean relative error of the extrapolation error of additive model were 0.108 m/min
and 42.50%, respectively. The extrapolation effect of multiplicative model was better than that of the
additive model, with the mean absolute error and relative error of 0.086 m/min and 28.20%, respectively.
[Conclusion] This study reveals the influence of fulebed characteristics on the forest fire spreading rate in
karst ecosystem. The spreading rate of three coniferous beds is high under the experiment condition, and it is
possible to spread and cause disasters. Based on prediction accuracy and extrapolation effect, it is suggested
to select multiple model to simulate forest fire spreading rate. These findings provide valuable
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understandings and insights for forest fire prevention in karst ecosystem.

Key words: karst; coniferous forest; surface fire; spreading rate; prediction model; prediction accuracy
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Tab. 1 Basic information of sample plots
X e . . EIFSS Z#H&E/(thm™?) ZilEs EptE SFE
o by e Bt M I e [y %Wf'tliid m ﬁmr; +Mmﬁ +MJWT
Forest type Slope/(°) Aspect Fuelbed height/cm uebed anopy can can
load/(t-ha™) density tree heightm DBH/cm
IR ¥ Pinus massoniana 5 3 South slope 2.1~88 42~8.7 0.78 18.63 20.61
BN, Pinus yunnanensis 9 FE3 South slope 3.6~92 53~823 0.82 17.99 19.88
HE1IKS Pinus armandii 7 B3 Southeast slope 1.8~8.7 52~8.8 0.85 19.23 21.76
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Tab.2 Results of variance analysis

J - B H W75 %
A Ei=t
Forest type Index Sum of squared Degrees of Mean squared F P
yp deviations freedom error
77K # Moisture content 0.759 8 3 0.253 3 133.6178  0.000 0
#H & Load 0.0112 2 0.005 6 29519  0.0544
o JEFF Height 0.059 8 2 0.029 9 157693  0.000 0
Pinus massoniana 7K Z x 35 Moisture content x load 0.034 1 6 0.005 7 3.0004  0.007 8
IK# x JEE Moisture content x height 0.040 2 6 0.006 7 35312 0.0024
B x JEFF Load x height 0.002 5 1 0.002 5 13070 02542
& 7K % Moisture content 0.869 4 3 0.289 8 32.469 7 0.000 0
= Load 0.083 7 3 0.027 9 31252 0.0261
ZER JE £ Height 0.4830 5 0.096 6 10.8231  0.0000
Pinus yunnanensis £ 7KZ x 5 Moisture content x load 0.098 6 7 0.014 1 1.5788  0.1409
7K # x JELFE Moisture content x height 0.1659 10 0.016 6 1.8589  0.0503
& x JEJ¥ Load x height 0.002 7 1 0.002 7 0.3007  0.5839
47K 2 Moisture content 03822 3 0.127 4 14.7442  0.0000
#HHE Load 0.187 4 3 0.062 5 72304 0.000 1
A JEJ¥ Height 0.340 2 4 0.085 1 9.8432  0.0000
Pinus armandii /K3 x # & Moisture content x load 0.076 6 7 0.010 9 12662 02677
F /K& x JELFE Moisture content x height 0.2413 8 0.030 2 34909  0.0008
#E x JEJ¥ Load x height 0.0105 1 0.0105 12206 02703
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Tab.3 Parameter and error of prediction model of R,

" . P }g x":'AJ; ”i} o=l

o Ry 7 o SR R 7 ¥ G*Elef%

. P adj Mean absolute Mean relative

Forest type Model equation error/(m-min™) error/%

R Ry =0.286-1.02M +0.016H 0.000  0.935 0.013 5.74
Pinus massoniana Ro = (0.145-0.403M)(1.895 - 0.033L)(1.012 + 0.094 H) 0.000 0.930 0.014 6.63
ZEIRA Ry =0.432-1.021M +0.002LH 0.000 0.775 0.029 8.13
Pinus yunnanensis Ro = (0.196—0.402M)(1.241 +0.055L) (1.323 +0.065H) 0.000 0818 0.023 6.66
el s Ry =0.375-0.112ML+0.012H 0.000 0.761 0.020 5.79
Pinus armandii Ro = (0.145-0.403M) (1.895—0.033L) (1.012 + 0.094H) 0.000  0.789 0.018 5.18

VE: H MAVLGY BIFRIRETH IR 2 B B 7K %3 . Notes: H, M, and L represent height, moisture content and load of the needle bed, respectively.
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1:1 plot between measured and predicted values for three forest types of R,
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Fig. 5 Extrapolation errors of additive model and multiplicative model
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