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Abstract

The smoking spread in forest fires is an extremely complex and variable process,
influenced by a variety of environmental factors, and characterized by suddenness and
variability, which can intensify the uncertainty of forest fire development, cause
casualties, reduce the chance of The smoking spread in forest fires is an extremely
complex and variable process, influenced by a variety of environmental factors, and
characterized by suddenness and variability, which can intensify the uncertainty of
forest fire development, cause casualties, reduce the chance of Based on the research
progress of forest fire smoke spread at home and abroad, the research properties of
forest fire smoke spread were Based on the research progress of forest fire smoke
spread at home and abroad, the research properties of forest fire smoke spread were
discussed, and wind speed, terrain, temperature, etc. were selected as the evaluation
indicators The impact of each evaluation index is synthesized, and combined with the
current scientific and technological equipment for forest fire smoke spread, the impact
of each evaluation index on forest fire smoke spread was analyzed. The impact of each
evaluation index is synthesized, and combined with the current scientific and
technological equipment for fire smoke monitoring, the response strategies such as
strengthening smoke monitoring and The influence of each index on forest fire smoke
spread was analyzed.
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1. INTRODUCTION

In the past decade, China's annual average number of forest fires are higher than 2000, the
total surface of forest fires more than 485,000 hectares. Forest fires are characterized by
extreme suddenness, destructiveness and more difficult disposal and rescue, which seriously
restrict the sustainable development of modern forestry, and timely and effective extinguishing
of forest fires can reduce casualties and property losses. The burning of combustible materials
in forest fires can release a large amount of harmful gases, smoke concentration, and large
particulate matter, which seriously affects the air quality in the area around the fire and
indirectly affects the health of the surrounding people, and also seriously threatens the lives of
trapped people and firefighters, so it has been a concern to fight fires quickly and effectively and
avoid casualties in recent years.

At present, domestic and foreign research on fire smoke spread and smoke release
characteristics mainly focuses on engineering applications, such as tunnels, subways, elevator
shafts, mines and other fields have accumulated certain research results, but less research on
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the smoke spread of forest fires. In recent years, with the rapid development of computer
technology, simulation technology of fire smoke spread has been improved, and the application
of Fluent, FDS, HYSPLIT and other computer simulation software can effectively solve many
difficulties in simulation technology in the past. Lu Wei et al.[1]studied the chaotic behavior
generated by heat in fire based on the change of Prandtl value of the Lorentz equation, and the
results pointed out that the chaotic behavior occurred within a certain range of Prandtl value.
Xin Z et al.[2]used FDS simulation software to construct a simplified model of grassland fire in
an actual pasture, simulated the three-dimensional numerical spread of grassland fire under
different factors, and obtained the change of fire Damoah R et al.[3]used the Lagrangian particle
diffusion model FLEXPART to determine the origin and transport of the plume, comparing
simulations based on ECMWF and GFS meteorological data, but the final conclusions did not
lead to a model more consistent with observations. Luther G et al.[4]used a simple unified
hypothesis simulation to study the atmospheric effects of smoke ejection scenarios Smith A K
et al.[5]planned to develop a four-dimensional intelligences-based modeling framework and
implemented a four-dimensional case study approach for smoke propagation from forest fires,
and the simulations yielded realistic spatial patterns of smoke propagation dynamics. Hacking
S et al.[6]observed Australian wildfire around 2020 and found that they produced a persistent
smoke eddy with a 35km rise and a single stratospheric combustion product from the fire that
had a significant effect on many climate-driven stratospheric variables. Godiva A et al.[ 7]studied
forest fire and smoke spread from forest fires in the Siberian region, using remote sensing
satellites combined with urban environmental monitoring network data to effectively assess
the overall level of pollution caused by forest fires.

2. FACTORS AFFECTING THE SPREAD OF SMOKE FROM FOREST FIRES
2.1.Wind speed

The rate of smoking spread of forest fire is affected by the role of wind is very obvious. Hot
air from combustible combustion rises to form a column of smoke, and when it meets cold air,
it is easy to form a column of hot and cold air convection smoke, which changes the wind
direction and causes changes in the fire, and if the mountainous environment and complex
topographic conditions, it is easy to cause accidents. The "3-30" forest fire in Liangshan
Prefecture, Sichuan Province, was dominated by flammable vegetation with high oil content and
low ignition point, such as Yunnan pine and alpine pine, which was affected by various turbulent
flows and cross-mountain air currents after the fire[8] . Permalloy V[9]proposes a new
mathematical setup and numerical solution method to solve The study shows that in the
absence of wind, radioactive smoke particles are re-deposited on the subsurface after a period
of time; as the wind speed increases, the transfer distance of particles in the ground layer is
proportional to the wind speed. Alexander et al.[10]uses a Reynolds-averaged Navier-Stokes
hydrodynamic model to study the effect of wind and buoyancy The model can be used for semi-
qualitative assessment of smoke plume evolution. Wang Xishi et al.[11]studied the fire spread
characteristics of two samples of wood surfaces under different wind conditions by simulating
wind speed using a combustion wind tunnel combined with a measurement system, and
showed that wind conditions have a significant effect on combustion, and the fire spread rate of
wood surfaces under downwind conditions increases continuously in a certain wind speed
range.

2.2. Topography

Topography can affect solar radiation, reflecting solar radiation to the ground back to the
atmosphere, which in turn reflects it back to the ground to form inverse radiation. Large terrain
can have a significant macroscopic effect on temperature distribution and change within a large
environmental area, and even for small local terrain. It can have a significant effect on
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temperature change within a short distance. Jingbiao Yang et al.l12]calculated the heat
exchange relationship between forest surface and smoke from two perspectives of heat flow
density and total heat exchange, respectively, and analyzed the effects of slope and wind speed
on smoke movement based on this mathematical relationship, and came to a series of
conclusions such as the slope of the mountain slope decreases and the range covered by smoke
increases. Wei Jianheng et al.[13] used FDS software to establish a microscopic mountain craggy
forest model to study the combustion spread and smoke release characteristics, and analyzed
the effects of different slope conditions on the combustion spread pattern of craggy wood,
showing that the smoke flow rate was negatively correlated with slope. Zhu Jiajin et al.[14]
carried out by the combustion of different slope conditions in the laboratory, and concluded
that there was a positive correlation between slope and thermal radiation.

2.3.Turbulence

Depending on the presence or absence of radial pulsation, the flow can be divided into
laminar and turbulent flow. Turbulence is characterized by randomness, transient mobility. Etc.
It is one of the important influencing factors of smoke spread in forest fire. Ran
Haichao[15]pointed out that the suspended smoke particle mesh, agglomeration effect and
turbulent effect of smoke in smoking are important influencing factors for fire detection.
Normally, smoke turbulence is a stochastic process with small scale and rapid changes, while
the smoke turbulence effect on fire is essentially a thermal turbulence effect of smoking[16].
Shu-Ming Du et al.[17]pointed out that environmental turbulence has an important influence
on the lifting of smoke, and in addition this influence is not only limited to the mass exchange
between smoke and environment, but also can promote the process of momentum and heat
exchange between smoke and environment. In forest fire, the huge temperature difference
between the internal temperature of the smoke and the surrounding environment makes the
effect of thermal turbulence on the spread of smoke more significant. Meng Lan et
al.[18]pointed out that buoyancy is a decisive factor in controlling flame motion in an
environment where there is a higher temperature difference bringing about a larger density
difference, but so far, studies on the effect of buoyancy on turbulent flow states are still relatively
few.

2.4.Temperature

In addition to wind and turbulence, which are the main influencing factors on smoke spread
in forest fire, temperature is also an important factor. Since the temperature inside the smoke
is higher than the temperature outside the smoke, this temperature difference produces a
buoyancy force that makes the height of the smoke change, and the effect of thermal factors can
also be used as a spreading indicator. Yi Cao[19] simulated the atmospheric haze flow field
based on Fluent software, and pointed out that the buoyancy force difference generated by the
temperature difference between the flue gas and the atmosphere is the main factor affecting the
flue gas floating stage, and the temperature increase will make the atmospheric haze flow field
lifting height at different location points show an accelerated decreasing trend.

Smoke temperatures from forest fire can reach hundreds of degrees, causing physical harm
to trap people and firefighters. Humans are constant temperature animals, and there is an
important correlation between the body's maintenance of thermal equilibrium and the ambient
temperature. When the ambient temperature exceeds the body's tolerance temperature, the
body's heat production increases and the radiative and convective heat exchange decrease[20].
In addition, studies have shown that the biological activity of proteins is usually maintained at
about 60°C, above which denaturation begins, so high temperature environments can lead to
reducing biological activity or denaturation of proteins. The radiation temperature of forest fire
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smoke can reach hundreds of degrees Celsius, and in this elevated temperature environment,
human cells will be directly dehydrated and carbonized.

3. FOREST FIRE SMOKE COMPOSITION
3.1.Carbon monoxide

The initial stage of forest fires is often a slow burn with no visible flame, i.e., the phenomenon
of negative combustion. Due to the negative combustion stage a large amount of carbonaceous
forest combustibles do not have sufficient contact with oxygen, which leads to an increased
release of carbon monoxide. As the main toxic gas in the fire smoke, carbon monoxide can cause
cardiovascular damage as well as anoxic poisoning, etc. High concentrations of carbon
monoxide can even cause gaseous lesions in humans. The extent of the risk of carbon monoxide
to humans depends on the concentration and duration, as shown in Table 1. Studies have shown
that the hydrocarbons produced by carbon monoxide contain a variety of compounds that can
cause chronic toxicity in humans, some of which can have a direct irritating effect on the sensory
system (eyes and nose), thereby reducing its normal function.[21] . Paris | D et al.[22] have used
the FLEXPART-Lagrangian model to study the origin of air masses and the contribution of
biomass combustion to CO enhancement, the study concluded, among others, that the average
CO emission factor is 65.5 + 10.8 g CO per kg of combusted dry matter.

Table 1. Effects of different volume fractions of CO

CO volume fraction (%) Effects on the human body
0.01 Little effect for a few hours
0.05 Little effect within 1h
0.1 Dizziness, vomiting and other symptoms within
' 1h
0.5 Death by asphyxiation within 20 to 30 min
1.0 Death by poisoning within 1 to 2 min.

3.2.Carbon dioxide

Forest fires produce a large amount of smoke, the main components of which are carbon
dioxide and water vapor, in general 350 to 1000 ppm concentration of carbon dioxide, the
human body can maintain normal breathing, and no physical discomfort, etc., see Table 2. Wang
Guangyu[23] simulated outdoor environment in the laboratory, combustion experiments were
conducted on the collected samples to determine the undecomposed layer and semi-
decomposed layer of the main vegetation on the surface of major forests, and calculate their
emission factors and releases during combustion, the experimental results showed that gas
emissions during combustion were dominated by COz . Rio C et al.[24] calculated the vertical
distribution of gases emitted from the plume given live in characteristics and environmental
conditions, CO2 and temperature of heat flux release, showing that CO2 can be injected well
above the height of the boundary layer, resulting in a daily excess of CO2 in the troposphere.

Table 2. Effects of different concentrations of CO2 on humans

CO; Concentration content (ppm) Effects on the human body
350-450 Same as normal outdoor environment
450-1000 The human body feels comfortable and breathes
smoothly
1000-2000 Feels like the air is cloudy and drowsy
2000-5000 Headache, drowsiness, rapid heartbeat, etc.
Greater than 5000 May lead to severe oxggaegl deprivation and even

144



World Scientific Research Journal Volume 9 Issue 5, 2023
ISSN: 2472-3703 DOI: 10.6911/WSR]J.202305_9(5).0016

3.3.Sulfur dioxide

Sulfur dioxide is a toxic gas with high solubility, and after entering the human body;, it can
quickly dissolve in the moist mucous membranes of the human body, producing a strong
irritating effect. The harm of sulfur dioxide on the human body includes skin, eyes, respiratory
tract, etc.[25]. Studies have shown that when the concentration of sulfur dioxide is 10-15 bpm.
The cilia movement of the respiratory tract and the secretion function of the mucous membrane
is inhibited[26]. Peng, Xujian et al.[27] estimated sulfur dioxide emissions in the Daxingan
Mountains using the emission factor method and found that the largest proportion of sulfur
dioxide was released from biomass burning, and the highest sulfur dioxide emission factor was
found in camphor pine and the lowest in white birch among all trees. It can be found that the
sulfur dioxide released from forest fires has a significant impact on air pollution, and the sulfur
dioxide content released from different tree species has variability, so that tree species can be
selected to control the amount of toxic gases released from forest fire smoke.

3.4.Respirable particulate matter

Fire smoke typically contains large amounts of suspended carbonaceous particles with
diameters of a few microns to tens of microns. Forest fires produce large amounts of respirable
particulate matter, including PM2.5, PM10, etc., which are globally important sources of
particulate matter pollution. Pengfei Y et al.[28]used a segmented aerosol climate
quantification model, combining fire site and remote measurements, to quantify the smoke
mass distribution, the proportion of BC in smoke, etc. The simulations found that the observed
stratospheric smoke lifetime was about 150 days, indicating that the photochemical lifetime of
smoke particulate organic matter is quite long. Li L et al.[29]used the meteorological model
MMS5 to analyze the weather pattern during a fire, indicating the presence of a long-term
stationary high-pressure system in the area, which kept the concentration high during the slow
long-range transport and caused more severe air pollution. Ning ] et al.[30]examined the
relationship between PM 2.5concentrations in relation to environmental and fuel
characterization experiments and concluded that although PM2.5 concentrations increased
with increasing wind speed, decreasing fuel moisture content, and increasing fuel loading, there
was a fuel loading threshold above which concentrations decelerated rapidly.

Human health can also serve as affected by certain concentrations of respirable particulate
matter. High concentrations of PM2.5 not only affect human respiratory health in the short term,
but also pose a long-term threat to human cardiopulmonary function, with acute exposure to
fire smoke triggering systemic inflammatory responses and long-term exposure to urban fine
particulate matter increasing cardiovascular morbidity and mortality. Henderson S B et
al.[31]found that a 10pg/m3 increases in PM10 were associated with a 5% increase in the odds
of respiratory hospitalization. A 10pg/m3 increases in PM10 were associated with a 6%
increase in the odds of an asthma-specific medical visit. Honduran I C et al[32]studied the
relationship between PM10 and daily emergency admissions for cardiopulmonary disease for
each fire season from 1996 to 2005, showing that a 10pg/m increase in estimated ambient
PM10 on that day3 was associated with a 4.81% increase in total respiratory admissions.

4. COPING STRATEGIES FOR THE SPREAD OF FOREST FIRE SMOKE
4.1.Flue gas monitoring

With the development of science and technology, the application of sundry high technologies
has led to the improvement of the accuracy of forest fire smoke monitoring. At present,
equipment commonly used for forest fire smoke monitoring include satellites, unmanned aerial
vehicles, manned aircraft, cameras and multi-sensor fusion technology[33].
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River A C et al.[34]used six different algorithms such as data representation methods to
process land cover maps of Sentinel-2 data covered by smoke to avoid the influence of forest
fire smoke during the mapping of fire trails, and found an accuracy of up to 91.61% when
compared with the field situation. Heinz et al.[ 35]established a dedicated tower camera system
and proposed an intelligent video smoke detection algorithm and optimal field camera
placement strategy, which can effectively achieve field smoke monitoring. Liu Shudong et
al.[36]proposed a machine vision-based forest fire monitoring method that can remove the
interference of clouds and smoke in monitoring and use diffusivity analysis to make effective
judgments on fire. Chickeree S et al.[37]proposed a Sentinel-2 image de-smoking technique
based on normalized vegetation index classification, which can obtain more accurate
monitoring under the condition of uniformly distributed thick smoke. The results are quite
diverse. The current fire monitoring methods are very diverse and can achieve accurate multi-
angle and multi-directional monitoring in forest fire, based on the fact that effective fire smoke
monitoring is an important prerequisite and guarantee for personnel escape and fire fighting.

4.2.Personnel escape

The spread of smoke from forest fires can lead to increased psychological fear of trapped
people; thick smoke can lead to loss of judgment and disorientation in the fire; the rising
temperature of smoke can burn human skin or even cause death; the large amount of harmful
gases and respirable particles carried in smoke can lead to suffocation or poisoning.

In general, minimum visibility for smoke escape from forest fire is about 5m, and when smoke
visibility is less than 3m, the possibility of personnel to escape drops dramatically. Under the
effect of thermal turbulence and topography, smoke usually spreads from the ground to high
altitude, spreading from low to high terrain. Therefore, when people are trapped in a fire, they
should first remain calm and analyze the general direction of smoke spread, do not act blindly,
and avoid escaping towards the top of the hill; make full use of the terrain, choose open areas
with flat and open terrain and sparse forest cover; the density of smoke is greater than the
density of surrounding air, and sedimentation is easily formed in low-lying areas, so avoid
stepping into low-lying areas to cause trapping. Wen Shixi et al.[38]selected different resistance
factors according to the judgment method of animal migration resistance factor, and combined
with the distribution of fire in forest fires and other factors to construct a forest fire escape path
network decision model, using mathematical modeling to provide some scientific guidance for
personnel to escape.

4.3.Fire fighting and rescue

Based on the above smoke monitoring analysis, when rescue is implemented by personnel
outside the fire scene, technological equipment such as drones and cameras can be used to
provide a safer and scientific escape route. Zhang H G et al.[39]used a firefighting particle
swarm algorithm to simulate the dynamic rescue process between forest fire spread and forest
fire rescue, and tested the performance of the particle swarm firefighting algorithm in searching
for dynamic optimal solutions and other aspects. Zhang H G et al.[40]also introduced a
benchmark dataset to rescue integration consisting of rescue simulator and rescue algorithm
to support dynamic simulation of forest fire rescue. Simulation studies based on recent
unmanned monitoring systems and large firefighting aircraft in the field of forest fire rescue are
very rare and have strong reference value. Peng, Xujian et al.[41]after an in-depth analysis of
the shortcomings of the current forest fire rescue system in China, they proposed the idea of
constructing an "air-sky-sky integrated" forest fire emergency response system based on three
aspects: fire field element collection, fire field communication technology, and command and
rescue technology. Using the current mature fire monitoring system, through satellite remote

146



World Scientific Research Journal Volume 9 Issue 5, 2023
ISSN: 2472-3703 DOI: 10.6911/WSR]J.202305_9(5).0016

sensing, aerial remote sensing, ground remote sensing and other means to achieve integrated
rescue.

5. CONCLUSION

Forest fires are characterized by high suddenness, destructiveness, and more difficult to deal
with and rescue, while the complex and variable smoke spread will intensify the uncertainty of
forest fire development, cause casualties, reduce the chance of escape, and increase the degree
of difficulty in forest fire fighting. The typical influencing factors such as wind speed, turbulence,
terrain and temperature are selected to influence the smoke spread of forest fires. The increase
of temperature can make the smoke spread more intense; the increase of wind speed can speed
up the smoke spread rate; the difference of terrain can cause the change of heat radiation, etc.,
which all show that the smoke spread of forest fires is the result of the combined effect of many
influencing factors. In addition, the smoke composition of forest fires is also one of the key
research directions, and the complexity and harmfulness of smoke composition have certain
effects on fire fighting, personnel escape and human health and safety, for example, the increase
of respirable particulate matter concentration can obviously cause damage to the surrounding
environment.

Based on the above analysis of the factors influencing the spread of forest fire smoke, the
response strategies are proposed from three aspects of smoke monitoring, personnel escape,
and fire fighting and rescue, respectively. At present, the use of satellites, drones, cameras and
other detection equipment to form an all-round, multi-angle and multi-level integrated forest
fire smoke monitoring can provide important support and guarantee for personnel escape and
firefighting rescue, etc. In terms of personnel escape, the psychological quality of trapped
personnel and emergency knowledge reserve is a very important indicator, making full use of
the fire environment conditions to implement self-help can significantly improve the chances
of survival. Firefighting and rescue rely more on the professional ability of firefighters and the
use of advanced technology and equipment, and should ensure their own safety as the primary
prerequisite for the rescue of trapped persons while extinguishing forest fires. In the future, the
optimization of monitoring equipment and the analysis of smoke spread mechanism are still
the key directions of forest fire smoke spread research. In addition, there is more room for
improvement in the popularization of forest fire safety knowledge and other aspects.
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