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Monitoring and Assessment of Forest
Fire in the South-West of China

Summary

“Momtoring snd Assessment of Forest Fiee in the Area of the South West e, of
Chitna™ is a national key research project of “the Sth five-vear plan™ which i3 hoarcd by the
Chinese Academy of Foresiry and Chengdu Institute of Huzards and Environment of Chinese
Academy of Sciences, carporaring with rhe Cnllege of Forest Research and Enwmiranment of
Nanjing Farestry University, the Insritmte of Farcary Inventory and Planning of Forestry
Ministry, Lthe {reagraphy Department af Beijing Morm Universivy and the Heijimg Forestry U-
niversity. It touk of 4 years, The entire resesrch concerning forest fire wes conduciced by 23
experts who are consisted of 907 professore and postpraduates.

The main study fields inclode fire forecasting . division of fire denger, early detecting ol
forest fite, developing the hackprennd database of forsst fire, simulation of fire behavior,
fast sssessment of fire-loss and eveluatiun of ecology and regeneration in the post-fice. All
the research works mentioned ahove ate based on remote sensing technigues and its data. - At
the same time the study i3 d=als with monitoring forest fire by means of infrured scanning da-
ta ohtained fram the aireralt. Finally, a multiplantform system has heen developed.

The research work and related backpround database covering an area of 900000 k' (s
mainly aimed at the South-West of China but the study resulte should be pra-:;tir.al and direr-
tive fur other aress in China such as the elecnive fire monitoring in the North Eust and MNei
Mongol in China in the spring of 1994 and 1685, The research project not only presants a re-
liable and operational svstem but alsa achieves many progresses about theories of forcse fire
and hsas its own distinguishing featores.

Mow a brief description dealing with the research work is described as followa;

The rescarch works of forcet fire have been going on for many years in China. Many pa-
pers eonecrned were published. Howewver, the systematic studies which are dealed with re
mote sensing are nat too manv. Since the key project ie able to0 organize and coordinate the
experts of the various study fields 1o conduet a large-seale research work, appcui’s its own
advantage, In the present, the praject has suceessfully fulfilled the sendy work and show the
following progresses.
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1 A systematic study for an entirc process of forest fire has been
conducted

The gyslematic [eature of the study is expressed ns follows ,

1.1 The research work is dealed with forrcasting of lorest fire, fire simulation. fast
aspessment (airborne and astronautic? and ceological evalnation after the fire.

The follows are the basic results involved in the study aml the sty repares eoncerned.

1.1.1 Forecasting of lire danger

{A) Claszification and division of farest fire danger

Instead of the traditional way which is a kind of nested classificarion and division, =
method of comprehensively assessing znd scoring wos used 1o make a division map on the
grid. In this way it is casy (o update duca. Besides., a study of the division method under ihe
support of GIS was implemented (see reports1—41).

{R} In the aspeet of forceaating of fire danger the study presented the idea and methed
of using RS dara to estimate the amnant of litter dizectly, and the behsve of furest fire in the
South Weast of Chine has been mactoscopically analyzed by means of the autoregression and
stochastie process. _ .

1o addition. s prclimioary study of correlation relationship between the forest fire and
the El Mi « na. has heesn made (ree repore 113,

1.1. 2 Early deteeting of forest fire .

Baszed on knowledge of the expert aystem and supported by the background database,
the accuracy of RS forccasting fur forest fire was greatly improved (from 1024 o 80%7) and
the index problem of distinguishing farest flive from non forest wes solved (see reports 5
100,

1.1.3 Fire simulation and fast assesement

(A} By using of the fectors available. the comprehensive indices for fire spreading were
formulated. Or the hasis of backgrownd database, the situation of the fire field can be dis-
played in time, Su the decision for cxtinguishing farest fire ran be quickly made. Using the
digital inversion technique, a methed of estiruating mortelity of the forest trees and fire area
was developed under the support of CIS, Consequently, it provides a basis for {ast assess
ment of the project (see reportz 14 -18).

{(3) The infrared RS techoiques from the mirerafr play a distiguishing role for faar as
gegsment. It is the first time to manitor forest fire by using dats available from multichannel
seanner AADS—1268 for forestry In our country. The techniques are able to detecr a fire
point of size ), 3m X 0. 3m. The fire-heat model and techninue of fast interpreroton and anal-
¥#is appear creatve and effective {see reports 12 137,

1.1.1 Ecological evaluatiom in the post-fire

Instead of the treditional field survey. the approaches of using vegetation indices were
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need] in the study, The model of monitoring and assessing dynamic changes ol ecology envi-
romtnent (in Lhe post-fire} was developed. Tt {ills the gap in the study lield concerned and
briefly summarizes the relationship between [orest fire und changes of ceology und environ-
ment and regeneration through a way of RS technigue and fuzzy discrimination model (see re-
porta 18—230.

" 1,2 The project develaped a manitoring aystem of multiple platforms from the field>
acronautics—=astronautics and compieted the study ol méuimring forear {ire [rom microscops
to macroscopy.

1. 2.1 The design of the projeet fully reflects an iden of combining sarborne techniques
with astronomic to establish a system of monitering forest fire at the multiple levels. The
asranatic RS monitoring should be carned out for day and night during the vash seascns of
foreatr fire. Once a forest fire happens, the fire loeation will he immediately determined and
the preliminary assessment con be then made, After ihat, in response to the fire, the plane
will quickly fly i order w gbtute further information concerned end make a delailed assess
ment. In this process the contact with command center should be made at all times to mini-
mize fire damage. '

The {ollowing frame expreses the idea stated ahave,

Fire canger division o —— ROAY Bacrogcopien!

mor i faring

Petecting f1re location

Fral elqaty asresspent

Bocagraind database

o

Ecolngico. ovoluntian Frolinma:y peacstinenl
after {ire - Fire Siaulal-nu
: e fasT eszesznent ol Aoru-ute wanesmenl
m
FTlll £
i deronalic
T e e molter ing Accurats agssgSnenT

vnnmaTd
roarter
i tne Eis’4d
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r

According to the preacnt situntion of the study . the objectives mentioned shove have
heats complerely fulfilled. The 1argets which have been completed are as follows .

{A) I the mavroscopically monitoring is supported by backgeound database, the {orest
fira of less than 1 hm? eould be detectad. Fhrough ths test mada in 1994 and 1995 the accura

cy of detecting forest fire achieved 85 3. -
- (T2 Tn respanse to a farest fire the simulation of fire spreading will immediately start,
and then r dynamic process of fire spreading will be shuown te the commanders. The display
of fire intensity and spreading tendency: wili provide a direciion lar [ieemen ta put out the
fr.;ln:t::si fire.

Supperted by (IS and the technigues af extracting informalion af the ferest fire, 1t 13
able to estimate burnt forest ares and volume damsaged by the fire with accutary of 95% and
RE U7 raspectivaly.

{C} The study of air-monitoring shows thet a point of €. 09m? of fire can be deircied,
This can provide the guarﬁntf!t: 'FI;II:' the accurate assesameni al che [orest {ire. Furthermore,
the protect developed a set of methods concerning itmage processing . calibration and area cal-
cetlation which lay a foundation for accuraie assessment.

({37 Ecological evaluation - .

Accarding to the test for Lhe methods poresented by the project in 15 burned areas, the
results are satizlied for the demand of the kew project and consistent with practice.

I. 2.2 From microscope W muctoscopy , Lhe project carried out o systemmatic study for
forest fire, Praviousiy. the study was difficult because of few srudy ways, Bot at this time,
the: IE‘_‘BEEIC}I work i3 conmst of a serics of studies which cover u range from detecting & fire
point of 0. 09 mé —+ecological evaluation of several 10 hin?— analysis of fire tedency in a
province—restablishment of background databuse for &n zrea of 920000 km?*—division of fire-
danger in a whole conntry—correlation analysis with the glabal FI Ni v no. The whole study
serica are characterized by the cotnbinaion of between models end RS,

1. 2. 3 In the monitoring process. informetion available from various sources fully play
the respective .rnles and form a orpanic integral to complete monitoring of forest fire,

{AY The time afficiency of NOAA data is incomparable with other data. The practice
expressed thav only NOAA data is able to monitor such a hazard which dangers a vwinglle.
The practice shaws that NOAA data with the set of 1echnigues developed hy the resezrch
project is able to ronitor the forese fire of less than . hm?.

{B) Based on v plenty of information, TM imagery is able to prnvide’n Stromg SUpPpatt
for zecurate assessment and eeclogical recovery. Ulnder the technical guarentee provided by
the project. the assessment [or Forest [ire can mecl the demaond of the research contract and
the evalnation for ecalogical recovery is consistent with the local situation.

{C) Without saying, the scenning system containing 11 bands is flexible and its imagery
ig accurate. Besides. the band lavoot covers the range of Th and NOAA bands. The infar-
mutipn given by the data i guite sefficicnt. comnpetible and convinicnt [or application.
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2 The new progresses of remote sensing techniques in application to
‘monitoring forest fire

As stated sbove, the RE techriyues and their date have been used in the study series.
This would widely cpen the fiald of visian and allow advanced science and technology be ap-
plied to the field of monitoring forest fire. Thercfore, the monitoring leval waa improved and

-alan made RS itself further develap. '

2.1 Intelligent techniques of cxtracring fire information are dealed with bath image
processing and expert knowledge an that the yualitative fuctors can he combined with the
quantitetive,

2.1.1 The techniquas o extracting for information of {orest {ire obtained [rom NOAA
data can be concluded as follows ;

(A) Through scaling of hands 1,2 and 3 the eatisflied resulls can be obtained,

{B} The linear combination of band 3 and 4 can reduce the disturbance cansed hy the re-
flectance of the open area.

{C) When making talculation of transfarmation for producing a thermal image through
remperature of the graund sorface derived from velues of band &, the correction of optical
path and the problem of value saturation of the band should be taken into accaunt.

{D) On the basis of hand 3, the discriminenl mothod for distinguishing sub-pixels 1y
presented according to unusual changes with time and zpace.

{E) The appiication of expert sysiem and suppart of background detabase improve the
sccuracy of detecting forest fire.

2.1.%2 The approaches of extracting firc information from TM imagery

(A} The study i?rﬁaented two wavs of li.near combinatiom which are able ta increase the
dilference between the fire and background and reduce the disturbance caused by vegetation
and humidity.

{B} In order to determine the hazard degree, methods of the likelihood difference and
vegetatian indem; hava been used.

{C) The uccuracy of cstimating erea of the burn is about 95% hecause of using the
methods mentioned ahove. The study of mortality for the burnt trees makes the uocuracy of
estimedng volume-loss reasonahbla.

Fram this. the study indicates a posaibility for the apphcation of TM data in cstimating
lire-loas accurately.

2.1.3 The technique ol extructing fire information from thermal-infrared images

The extracung techniqua special for fire-loss infarmation, is coly a preliminary tesr bur
it appesrs effective and lezsible.

The main points of the rechnique are as follows .

€A% In order to distinguish the ebjcets concerned and avaoid the sateration of band valucs
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of the vairous nhjects, it is better to fly at the mght.

{B) It is eflective to rely on processing of using multiple bands.

(C) Combining the mndifisd parameters. the diffcrence between band 9 and 10 cun be
usad to distinguish the thermal and fire poins.

(D) The ratio camhbination of the thermal-inlrared, acar-infrarcd and visual bends 1s
“uaefull to asseas firc loas. .

{F) The fast analysiz method presented by the projet provides a possibility for fast and
dccurate aszgedsment.

The practice shows thar rechniques mentioned above are feasible and ef{ective.

2.2 The correlation analysiz between BS dety and fire-pursmeters widely open a way
for the application of ramote zensing. )

In the studies of firc-loss asscesment. cvaluatuon of cocological changes and combustible
. material . the analyeis mentioned above has been carried ont.

2. 2.7 In the stoudy dealed with assesament lire -losa, the clfective mcthod of catimating
area of the hurn Irom RS data was developed based on the gain principle nf RS data and cor-
relation analysis of fire traces.

2.2. 2 (O the hasts of analysis of faresr spectral characrearistics, the coreelation rela-
tisnship between feature shanges (pattern, structure. color tone. grey level) of different
tempeoral images and the data [vom the regular inventory was derived in the ecological evalua-
rion of the prat-fire. The results show that TM images arc quitc sensible and reliabic in re-
sponse to the dynamic tendency ol ecologival changes in the post-lire, Through vegelation in-
dices and ratio values calculated from RS data the approaches of monitoring and evaluating e-
eological changes in the post-lire has been ablained.

2. 2.3 Based on the previous works the correlatiun réfationship between KRS data
{multibend density. ratic volues and a couple of interpretable factors) and forest volume can
be determined. In turn, on the basis of correlation relationship between dry timber and
weight leaves the weight of leaves can be delermineed according to the ecological theory. Fi-
nally, the way of calenlating the amount of litter can he ohtained.

2.2.4 In the study of detecting fire through 2 scunner installed in the plane the equa-
tion about acanning data and the fite point on the ground has heen derived. Therefore, it is
essy Lo distinguish weak [ire, strong [icey iron mill and other objects and be displayed. Also,
it can make pnusual temperature correspond to the image relaced.

The works mentioned above can be thought of a kind of meaningfull explering for the
application aof astronomic RS data in forestry: and it would further open the study ficld.

Some of the wurks are creative.
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'3 Progresses of lﬁathematical models and computer application
- techniques

3.1 The spplicaton of a lot of mathematicn]l models further move the project study to-
warde guantilave direction. A wide use ol guantitative factars and models indicates a
pragress in the study field to sume extent, In the study the researchers mude a great effort
and obtained a lot of resolis, which enriched the B3 application theory. Therefore, it further
puts the RS appication forward in the foresury,

. 3.1.1 Inihe siudy of mechanism of fire spreading, a non-linear fit-algorithm was
devcloped based on calealating cvery component of a direction vector. From this. a system
model of {ire behavior was estabished in the farm of the stale equation. This methed is not
only convinient to predict and simulate forest fire but alec able to regulate the svstem in
time In the atudy process the well-knownh Ratherme! model was modified and the empitieal
formula wae added in order to avoid tedicus works of dsta input and output. and make the
system more feasible. )

3.1.2 In the division and classification of the {ire danger the weighted and accumulated
moedel contaiping indices of fire danger was developad. It elfectively expresss Lthe spatizal
distribution of fire danger involved in the data of the database.

3.1.3 Estimalion of forest mortality in the post-Ire is based on the behavior ol [orest
fire and forest conditions. In the case of the fire intensity given. the burnt height of trees can
be estimated s then the distribution model of rees at the diflerent burnd height-classes can be
obtained. After that. the mortality of an entire stand is available. The research results stat-
ed abave have a practical meaning for forest regeperation in the pust-fire.

3.1.4 In the ecological evaluation of post-fire the comprehensive evaluation modsl for
ecolugical envirvament in the post-fire was developed by means of the techmgue of compre-
hensive fuzzy-discrimination of multiple hierachies. In turn, a madel ol Lieter with time series
was introduced. Also the model of dynamic evaluation was esteblished.

3. 1.5 Inthe study of forecasting {ire danget, the expression of folisge wreight ohtained
fram standing volume was derived. At the same time, the sccumulated model of litter with
rime was developed. This would pmviﬂe 2 quantitative suppart for forecasting fire danger in
4 certain area.

3.1.6 Ioihe study ol aeral thermal-infrared imagery, a lire-leal model was produeced
and the combination of multiband information was taken into account. Then linear and non-
lineer coeflicents, which had been modified for distinguishing the objects, were determined.
Therefare, the model is mare practical. Imagery FWD obtained from this makes the area ss-
timation of fire point fast.

3.2 Progresses of compurer techniquas in application to monitoring foreat fire,

3. 2.1 In the study of fire simulation an extra-extending algorithm was presented using
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the attrihitive raster data. The algarithim is besed on the characteriatic of extro-extending of
the fire spreading . and very fast to find a spreading path. In addition., data configuration,
setting fire [lags, indentifving the edge of racier. wopoyraphical faciors and efe. o were tuken
into elaborate account. In the case of processing multiple fire sources, the calculation and
display of fire spreading are alsno availabie.

3.2,2 Inthe study of 1the precaution svstem of fire danger, the ides of wsing artificial
neuron network for simulating [orest [re was presented. Bused on using dota NOAA/
AYHER the topology of the network and mathematical model of forest fire were given., Al-
a0, the expert system bascd on the neuron network was confliguraled. Besides, the algorichm
and derivation for obraining knowledpe were presented. The correct nse of the expert system
and suppott by database much improved the accuracy of precaution.

3. 2.3 The backgrnond database dealed with forest fire iz an important mainsiay [or
precantion of fire danger _ )

The presently created database is the newest result for the study. 1t comtaing reveral 10
typea of apacial and attrihurive data concerned with forest fire. 1t was produced on the baxis
of 11 300000 mep which was made by the projection of orthosxis-cone with equal angles and
cowvered hy standard dauble lines of lenptitud acd latitud. The date ecovers an woen of Q00000
km® in the South-West of China and occopies 60 MK memory. Since the formats of original
data are not same and the data ia required & great deal of data processing. It is overloaded for
A microccmputer . and makes the desigm of detahzse with a scale [ ¢ 506000 for an area in
which furest tire frequently happeded waa alao 2rested, The design of database was optimized
2o that the databaze haz a distincrive fzature for processing a4 great deal of data based on »
small system. .

In addition. the project independently developed an entire set of data managemeant acdr
ware. So the databuase can be cunnected with the data of diﬁcrcnt iurmats and make opera-
tion for many images and innuiry for many aspects,

3. 8.4 A new algonithm, which suceessfully romplered a color-synehronous displey on
a microcomputer in VGA mode by using of RS data, was presented. The dislaying ellect is
similar ro that produced by syochronous imagery of 3 bunds in a true color mode but its coat
is very low. Ino this seudy the rechnique for displaying MOAA images was successfully used.

In order to display and save the produced results the programm of crcating RGB color
files, which is able to change the data of 3 bands inta one of a single ‘hand and dispiay . was
developed. Ir can save disk space. .

4 An operative system was cstablished

The key projkect of “the $th five-year plan® demuands for providing an operative sysiem [or

each sub-project. All rosearch contents of the project such as frame design, determination of

the study plan, integration of subsysiems, comprehensive lests and preliminary operaiion
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surround the goal. _

1.1 “Emergency plan” means the system should ke aperarive. Usually . the hazard-
break is abrupt. Therefore . when arcepting the projeet, rescarchers should have a considera-
tion for “emergency”. The final obicctives of the project involve. (A) a preliminary assess-
ment should be presented doring 1 2 days after fire; (B) a derailed report should be given
after 2 weeks.

Apparently . the present system ean start at all times, When the system Las not been vo-
taily fulfilled, it can still make an “emergency plan”,which is dealéd with collecting imforma-
tion from two aspects; airborne RS and astronautic )3, data processing, last assessment and
a series of arrangements abour organization end eoardination in arder to prepate for the “e-
mergency”. So, when the fire in Xirang in China took .plucc im the 3ith of May in 295, the
systemn. hawd operated for two days and presemed a repart of assessment for the State Srien-
tific and Technological Committes. It provided a strong support fur assessiog the five sitoa-
tion and fully reflacred the goiding idea of “emergency” in the .pmjf:-::t.

4.2 The intension of vperalive system is not only confined 1o 4 {asi starking but also
a-:r_-.ﬁm e and non-error. '

The svstem provided by the project is based on a ot of basic studics and then able to
conduct effective and asccurate asscssment. For instance, throngh its operaxian for two
vaars, 168 forest fires have been detecred. .

“The resultts indicate that the accuracies of detecting forest fHre meet the demand given by
the research contract. 1l ineans the system i operative and reliable, This is becouwse rhin the
software was developed on the basis of the studies ubout detecting of forest fire. technigues
of enhancing fire images snd distinguishing sub-pixels, Alsc. the softwares uf database man-
agemment, assesstient of forest fire and evological evalyation heve the same function, end
ther are operative and reliable. '

4.3 A series of index sets was esrablished

Far an intc;gmtc: and vperative system, establishment of an integrate index sel is impor-
Lant. .

1.%.1 In the study of fire hehavier nnder the consideration for inlarmation available,
the paramelzrs concerning ternperature, humidity, combnarible marverial andd topography
were defined. They were obtained through modifying previous gtudy or maling data-fir ae-
cording fo'the kocal conditions, The tests showed that these indices and madels related were
suitable for the lucal practics and the programs concermed are eperative and rehable,

4.3.2 In the previous studies, firat. the cstimation of average hornt hé’tght was rnade
acentding to spresd specd and farest fire intensity. Then the mortality of trees wos estimated
based on the average burnt height., Instead of wsing the previous method, o the prescent
study, first, two types of relationalip: (AD a discribution of bumt irees in torms of height
classes of burnt trunks and (B) mortality of trees at differsnt height classes cf burnt rrunks
are established. Then according to these relationshipa the nuember of died teges at each of
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