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ABSTRACT

Hundreds of field experiment fires . large sample compared analysis
between historical fire statistics and meteorological factors provide
the data base for the system. By Introducing the Fuzzy sets concept.
and the study of the meteorological factor affected fire occurrence
and development. characteristic values and rltlcal values ~re designed
to set up mathematical recognition models for forest fire danger rat
Ing. After s e v e r a l yearl practice and amending , the sys ~em has realized
Information collecting. computation and prediction automatically , and
has been used In Helloongjlang province . and Is being adapted to
other provinces In China.
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1. BASI C I DEALS

There are many factors affect the occurrence of forest f i res . However,
the meteorological factors and weather condition are th e most
Important one8 especially In affecting the dally f i r e da nger and
seasonal fire danger. Therefore . study of the ca use a n d effect
relations between meteorological factors and f [re o cc u r ren c e I s the
critical step In setting up the fire danger Index system and forest
fire prediction system.

Fig. 1 I how • the • 60 f Ie 1d e xper 1me n t al f ir e s . I t ref 1e c t s that there
Is a correlated fuzzy relation between fuel bed moisture content and
Ignition probability. In Fig. 1, If the shadows of I s set R.
Ignition probability -set Is U, fuel bed moisture c on t en t set I s X. then.
set R I • • In fact, a mapping of set X to set U. Here :

U = F (X) (1)

Is actuarlally a mathematical model of t he affecting factor set X

• The following people have contributed to the
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Ignition probability vs fuel molBture content

Fine fuel mo l s t u r e content ($)
Weather cond l'tlon mo s t favorite the fire occurence
Average weather condition
Weather condition not luitable for fire occurrence

, meanB the test Ignition p~obabillty in 1984 spr ing
Correlation curve between ignit ion probability
and fine fuel molBture content

Fig. 2

I
n
ill
N
Fig, 1

o fire danger contrib utio n .
Again in Fig. L if we equally divide the fue l moisture content(O

00$) into several IntervalB, then account the number M of
e p r a s e n t La g ignition probabil'lty<; 6$ and the number of N of','
e p r e s e n t Ln g ignition ' probability >60$ fall Into each interval,
u p p e s e the total . ' . ' n umb er In each Interval l a W, therefore, the
elatlve frequency Um=M/W:><IOO$ reflects the e f f e e t s of fuel bed's
o i s t u r e which will led to the' uneasy ignited s Lt u a t Lo n ; Un=

twx 100$ reflectB ' t h e ' d e g r e e of e a s y ignited fuel bed c a u s e d by It I
r y n e a s . Let' a have a look of Fig. 2 ; the dot line e u r v e s r e p r e s e n t
he two U' a value wh ich are got from the field fire experimentl
onducted in the Iprlng of 1984; the aolid IlneB are the expected
aluel of the two U. Th~ ~xperlmentl and BtatlBtlcB haa shown that
he contribut ion curve in Fig. 2, reflecting the general
elationahip between the factor Bet cauBlng a fire and the fire danger
et. Thla relationBhlp c~n be better delcribed by the fuzzy let theory .



2. THE INTEGRATED RECONGN I TON MODE LS
We h a v e a n a 1y zed m0 ret han 3, 000 fir e' 5 Btat i Btic Band 1 20 ', 000

weather recording data, and 12 weather factorB were Belected for fire
danger rating. According to the general relationBhip showed in figure
2, we firBt Bet up the A recognition model which is decided by the
single - we a t h e r factors , in this case, if the fire danger l n d e x
Increase with the increment of a factor value, we adopt the e~uation:

U , - {

1 +[A.(C .-X.)]D . when X.<C.

when X.>C.

1f t h e
value ,

fire danger indell decrease with the
we adopt the equation:

IncreaBement of f.actor

1+ [A. (X. - C 1) J U •
when X.>C.

when X.<;C.
(3)

Here :U.---Single f a ct o r s contribution to fire danger (0,1> or (0 ,100'1»
X.---Weather factor ' recordings or predicted values
A.. B., C .---ReferenceB
i ---12 weather factorB

In reviewing the hiBtorical fire and meteorological BtatiBticB. we
found that every Belected factor has 3 basic critical valuea: no
fire occurrence value R . o; value R. o... is when the ignition
probability o b v Lo u a l y l n e r e a a l n g ; value R .. is when there iB large
number of fire occurred. The key for setting up the aingle factor
recognition model is to determine the three critical valuea for each
factor, then to fit the A. , B. and C • . Here :

C . = R," (4)

A.= I
J (6)R. 1-R. o .•

B. =
Lg19 or

Lg A. (C. - R • 0)

B. =
Lg99 or

Lg A. (C.-R. o)

B. =
Lg199 (6)

Lg A. (C. -R. o)

The purpOBe we Belect three equations to calculate B. is to make H.
better reflect the effectB of each factor to fire danger.

Table 1 l ists the 12 factorB selected and the A., B • • and C.
accordingly. Thus, from Table 1 and equation (2) a n d (3), we can

get the single factor' B contribution Ui to fire danger r e s p e e t Lv e Ly.
As we know that a foreBt fire is the reBultant cauBed by many factorB .

single factor's contribution can only reflect one point of total
fire danger . For thiB r e a s o n , we divide the weather f a c t e r a Into two
groupB to calculate their fire danger contribution by group . Firat.
put the weather factor collected before 08 clock of the prediction
day in Bet XQ={X",X .. . X.,X ... X10 ,X111Xll.l which r e p r e ee n t s their fire
danger cont ribution Bnd to calculate integrated recognition Bet UQ •

Secondly, put the weather factorB collected f rom the prediction day
in Bet XJ = {X1,X,. . Xa • X.. , X"l, and to calculate the Integrated
recognition Bet UJ.ThuB .B recognition model e omp o a e d of two equatlona:
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between factors and
we developed the C

A.

1-6-12

X.

X. pro cI pit a t Ion (mm) 2 3
8 a . m-14 p. m

x, temperature rCI 1/6 4
14 p. m

X. day temperature 1/10 6
difference rC)

X. air humidity 1/10 3
('1» 14 p , m

X.. 10-12M wind .peed 1/12 14
(m/aec .) 14 p.m

X. pre e I pit a t Ion (mm) 1 .- 3
24 hr • . before 8 a . m

X 7 pre e i pit a t Ion (mm) 1/2 3
72 hr. before 8 a .m

X.. p r e v i c u e 3 day'. mean 1/10 3
air hum I d i t y ('1» 14 p , m

X.. p r e v l o u a 3 day'. temp . 1/20 7
a c e umu l a t ion re) 14 p. m

X,o day. accounted for 1/20 17
precip itation <:6mm

X" day. accounted for 1/22 17
pre e i pit at ion <: 3mm .

X,a daY4 accounted for 1/2 3
precipitation <:0.6mm

(U. +U7 '+U. +UA +U, n +U, , +U, D) / 7

(U,+2U a+U.+U.+U ..) /6

U.

U.. - FlU I)

ru, +UQ tu, +0.3) J /2 when U j or UQ <;; 0.6, or both
U j and UQ<;; 0.6

tu, +UQ) /2 when u.. UQ > 0 . 6 and u, <UQ

X, docldod high fir.
danger contr ibution
Xa decided high fire
danger contribution
X. decided high f ire
danger contribution
X. decided high fire
danger contribution
X.. decided high fire
danger contribution
X. decided high fire
danger contribution
X7 decided high fire
danger contribution
X. dec ided high fire
danger contribution
X. decided high fire
danger contribution
X,u decided high fire
danger contribution
X" decided high fire
danger contribution
X,a decided high fire
danger contribution

G=

Thinking about the complicated relation ships
heir multiple effecta to fire occurrence,
ntegrated recognition model as the following:

u"

U.

U..

Ua

U,

u.

"':86-

Table 1 Factor. r~ference. In the A recognition model

lere : G---High fire danger Index determined by whole weather factors,
the simple Integrated index

10 f a r by the previous dlscusslon,we can get the primary fire danger
' a t l n g s y a t e m In description aet S= {OJ 1, 2, 3. 4, 6, 6} which contain 7
' I r e danger rating classes. It can be easily converted Into 6 c La a s e a
i o r ma l Ly u s e d , aee Table 2.

The system ia further reviaed by three climate phenomena: anow cover,
Ih e n o l o g l c a l auaaon, and the apeclal meteorological fac ~~rs .

The a now c 0 v e r set B = {l, O. 6, O} rep rea e n tat h r e e con d I t ion s : when B=I,
i Ll the prediction · lI. r e ll. covered by snow, when B=0.6, only northern
i s p e c t of alopea covered by snow, no snow In the aouthern slop, when B
=0, Both the northern· and aouthern aspecta no anow covering.

le r e : UQ---preYlous high fire danger Index
Uj--The da)" s high fire danger Index



Table 2 Initial fire danger rating recognition claaaification

No.

1
2
3

6

Factor nt Vi';' (O.D,R)

0<0 . 06
R-R'
D-l '

O. 26>0> O. 06

O. 60>0> O. 26
.: -+.

S. Clunl (7)

(0) lafe

- - (1) relative lafe

(2) difficult to ignite

1 (can't
be igni tel

2 (di t t icut
to i In I tel

The phenological aeaaon revlalng reference aet

8
7

8

9

10

O. 70>0> O. 60
0>0.70 but D-0.6

O. 90>0> O. 70

1. 00>0> 0.90

0> 0 .90. R-R..

. \

(3) could be ignite

(4) ealY I g n i t e

(6) danger e Ja ..

(8) alarming

I a :

3 (could be
Ign I tel

4 (e a I y
I gn I tel

6 (very
e a I y I gn it e)

Z = {Z.P.' Z.... }. and
Z.P.= 1-0. 02t
Z.... =I- (~ - .../20xn-n/2·OO)

(IO)
(11 )

Here: Z.p.-----aprlng phenological revlalng reference
Z....-----fall phenological revlalng reference

t -----accumulating daya In the aprlngalnce the end day of
the min. temperature -c 0 "C

m -----accumulating daya In the fall alnce the flrat froat
occurred

n -----accamulatlng daya In the fall alnce the end day of the
average temperature>16"C

The apeclal weather factor critical aet l s R={R lI R.. }, Here: R. la
the con d I t Ion 0 f pre c I pit a t Ion bet weon 8 a . m. t 0 I. p. m. X. > 3mm; R..
meana the I. p .m temperature X.. >26 'C and the wind velocity X .. >
10m/aec . .

The D recognition aet V= {G. B, R, Z} l a the final prediction model for
the ayatem. In practice. It can be fulfilled In two atepa.

Firat. the Initial recognition by factor aet V. = {G, B. R} . The general
de a c rip t Ion I a I I ate din Tab l e 2. From t h I a ate p we can get the I nit I a I
fire danger S,. Secondly, revlae the SI through the phenological Set Z.

S=S,XZ

Thua. we get the final fire danger ratlnga of S.

3. THE PREDICTION CHART

(I2)

140

The ayatem haa realized the receive of weather readlnga,
code recognition, analyala of weather factora and the fire
rat In g c a I cui a tin g itu t om a tic a I 1 y and dig I tally . Who lew 0 r k a
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finished by IBM and APPLE -II microcomputers . BASIC is the c omputer
language used, Chinese DOS is the basic supporting system and the
main menu cont rolled operation makes the works more convenience. Flg.3
Illustrated the basic structure of the system. Fig. 4 is ' the fire
danger pred iction processing chart . Flg.6 shows the result of man
-assistant computer prediction chart for future 1 t03 day's fire
danger rat i n g s .

. ~; ~ ~ , . ;:. II

. . . . . ". ~ ;:;".'. .~ .' '. . ' ! .

L-----r-----J ~ - 0 I.- I d.

110. _O.tID.... ~ Ill .. 10.
111

1
.. H Il~ I L-- ---r- - - - -',••• HI~

ItI • • 1 p..dl_tln

Fig. 6 Fire danger prediction flow chart

4. THE ACCURACY OF TilE FIRE DANGER PREDICTION

,I

Since the application of the system started in the spring of 1984,
the system has worked very well. The prediction accuracy for short
term fire danger Is over 76%. The prediction accuracy for continues
high fire danger period and the continued low fire danger period
reaches about 90% . The forest fire weather index system can better
divided the weather condition Into high fire danger and low fire dange~

We have tested the system by using the 1966 to 1983 fire sea.on. ' data,
92% of fire occurred during this period are matched to the 4th and 6
th class of this system, and almost all large fires occurred in the
predicted 4th and 6th fire danger classed. The special example wa.
that the 1987' s 'Ma) 6' fire, we , had predicted the very high fire
danger weather 3 days before May 6th.

From several years professional practice , we have reason to bel ieve
that the system has the advantage to be large scale applied in
meteorological s e r v Lc e for fire danger ratings. So fa'r, despite the
application In Daxlnganllng regl~n, the system has be extended In
Hellongj lang province , ' and will be adopted to many provinces and
regions In China .
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