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AND WEATHER FORECAST

In the ar ti c le the ele ments of the co m pu ter
si mu la tion sy stem in terms of fire spre a ding
du ring the fire of barn lit ter were de scri bed.
The cha rac te ri stics of ce r ta in pro grams used
to pre dict the spre ad of fire were de scri bed
and sum ma ri zed.
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1. In tro du c tion

The pro blem of si mu la tion of fo rest fi res is not a new is sue. The re are many
co m pu ter pro grams but most of them are de ve lo ped to mo del la r ge fo rest fi res,
which are very rare in Po land. Si mu la tion pro grams are cre a ted pri ma ri ly for the
spe ci fic con di tions pre va i ling in the area, ta king into ac co unt the to po gra p hy and
the com bu sti b le ma te rial. The re fo re, the re is a need to de ve lop to ols which will
ena b le a si mu la tion of fo rest fire in Po lish con di tions.

In 2004 Po land im p le men ted a sy stem of nu me ric maps of fo rests, which, in
co m bi na tion with a di gi tal we at her fo re cast map can pro vi de the ne ces sa ry in put
for co m pu ter si mu la tion for a mat he ma ti cal mo del [11].

Ran ge of usa ge of the so f twa re is app li ca b le to both the plan ning of con trol led
fire, for exa m p le, when the fi res are deli be ra te ly set by the fo rest se r vi ce to get rid
of the ac cu mu la ted ma te rial, as well as plan ning fire fi g h ting by lo cal fire bri ga des



for most ef fi cient use of re so u r ces. This work has also an edu ca tio nal va lue for
ana lysts and ci vil se cu ri ty se r vi ces. This li mits the program’s har d wa re
re qu i re ments to tho se of mi d - ran ge PCs.

2. Ma te rials and me t hods

A dete r mi ni stic fo rest fire mo del will be used to cre a te the si mu la tion
en vi ron ment. In put data are ob ta i ned from a di gi tal we at her fo re cast and from
di gi tal forest maps (fig. 1).

Fa c tors which have the big gest im pact on the spe ed at which a fire spre ads
have been ex tra c ted from a di gi tal we at her fo re cast, and are as fol lows:
• wind spe ed and di re c tion,
• hu mi di ty of bed ding,
• air tem pe ra tu re,
• pre ci pi ta tion.

Sin ce the fun c tion of the wind spe ed ex tra c ted from the sho r t - term we at her
fo re cast is di s c re te wi t hin the gi ven, un chan gea b le time in ter val, for the pu r po se
of si mu la tion one sho uld be able to ex tract the fa c tor at any pe riod of the
si mu la tion time. The re fo re the wind spe ed is ave ra ging from con ti gu o us,
fo re ca sted va lu es for any pe riod of the si mu la tion time. The same me cha nism
is used for the di re c tion of the wind and its chan ge. 
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Fig. 1. Con text dia gram



The air tem pe ra tu re pa ra me ter, pre ci pi ta tion has a si g ni fi cant im pact on
hu mi di ty of flam ma b le ma te rial. Yet, pre ci pi ta tion which oc curs con cur ren t ly
with a fire may pro ve to be be ne fi cial to the co u r se of events. 

In the mat he ma ti cal mo del the fa c tor of pre ci pi ta tion wo uld not be ta ken into
ac co unt, with the pes si mi stic sce na rio ad op ted, which is ra tio nal ly ju sti fied for
plan ning of an ex tin gui s hing ac tion.

In the event of wi de spre ad and lon g - la sting fi res se con da ry fa c tors oc cur,
which also af fect the fu r t her pro gress of a fire, and namely:
• chan ge in wind spe ed,
• chan ge in wind di re c tion,
• lo cal tem pe ra tu re chan ge [2].

Owing to the fact that tho se phe no me na oc cur only in the event of fi res with
a very la r ge area they have not been al lo wed for in the di s cus sed mo del [9].

From the data con ta i ned in the di gi tal map of fo rest the ones that have
si g ni fi cant im pact on the spe ed of the spre ad of fire are: 
• fo rest type,
• fo rest age,
• fo rest bor der,
• ob sta c les for a fire (fire ro u tes, ri vers etc.),
• par ticu la r ly en dan ge red pla ces.

2.1. Ele ments of the co m pu ter si mu la tion sy stem

The si mu la tion, in terms of the fire spre a ding, has used the Hu y gens prin ci p le
[5]. It was as su med that the fire spre ads si mi la r ly to the wa ves. It was as su med
that each lit cell in a cell spa ce mo del is a new so u r ce of fire that spre ads ro und in
win d less con di tions. Ex pe ri ments show that in the con stant wind and
a ho mo ge neo us en vi ron ment, this sha pe is si mi lar to an el li p se [3, 6, 7, 9, 10].
El li p se co ef fi cients ae, be, ce (fig. 2) de pend on: wind spe ed, fuel type, hu mi di ty and
type of lit ter. DBt se c tion is a se c tion of the path, which fire pa ses in the di re c tion
op po si te for the di re c tion of the wind [3].
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Spe ed of fire Vp from the po int of in flam ma tion to sur ro un ding cells can be
ca l cu la ted from the fo r mu la (1):
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F an gle can be ca l cu la ted using the fo r mu la (2), whe re the F an gle is the an gle
in the Ca r te sian co or di na te sy stem in clu ded be twe en the wind ve lo ci ty ve c tor
and the stra ight line con ne c ting the co m bu stion po int ad ja cent to the se le c ted cell:
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Whe re the q an gle is in clu ded be twe en the wind ve lo ci ty ve c tor and the
stra ight line con ne c ting the po int of in flam ma tion and the po int ly ing on the
cir cum fe ren ce of an el li p se for which re ach the spe ed of fire is ca l cu la ted.
The co ef fi cients ae, be, ce ae have been ad ap ted to Po lish con di tions. At the di gi tal
ter ra in map of fo rests the cel lu lar mo del map is ap p lied. Each cell is equ ip ped
with ad di tio nal in fo r ma tion on com bu sti b le ma te rial, fire bar riers, and time
in de xes upon which the time of bu r ning of a single cell can be ca l cu la ted.

Si mu la tion is per fo r med ite ra ti ve ly as fol lows:
1) Con di tions and li mi ta tions of si mu la tion (si mu la tion start and end time,

in ter val, ra ster, map, we at her fo re cast) are de te r mi ned.
2) On the ba sis of data on wind spe ed and di re c tion from in ter po la ted ar ray

fo re casts the co ef fi cients ae, be, ce are de te r mi ned for the pre va i ling con di tions
of te sted ter ra in cells.

3) On the ba sis of fi xed an gles F F1 ... n  the spe ed of fire re a ching the cells in
the vi ci ni ty of the po int of in flam ma tion is ca l cu la ted. If the time of trans fer to
the cell Kn is less than or equ al to the in ter val, then the cell is lit with the
ap pro pria te set ting of the time in di ces.

4) Af ter ana ly zing the en ti re cell ma trix which re pre sents the area, the sta te of the 
cells is la y e red on a map and then di sp la y ed.

5) De mand for wa ter for ex tin gui s hing of fire and ove rall ma r gins is ca l cu la ted.
The re sults are shown on a graph.

6) The next ite ra tion is per fo r med with an in cre a se of the si mu la tion of fire for the 
du ra tion of the in ter val of a sin gle step.

7) When a si mu la ted du ra tion of the fire re a ches a ce r ta in va lue si mu la tion is
co m p le ted.
It sho uld be no ted that the si mu la tion re la tes to the fire of barn lit ter, which

sig nifi can t ly pre do mi na tes in ac tu al fire -fi g h ting ac tions in Po land. Me t hod
of de te r mi ning the co ef fi cients of the el li p se has been de ve lo ped for this type of
fire. For co m p le te fire one uses a si m p li fied mo del, ho we ver, the si mu la tion
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re sults are sub ject to gre a ter er ror be ca u se it does not take into ac co unt ad di tio nal
fa c tors such as e.g. se con da ry currents [4].

V k w w k wp s s= × +1 2( ) ( )

Vp [m/s] – spe ed of fire front,
k1, k2 – co ef fi cients sa ved in the in ter po la ted pa nel, de pen dent on ma te rial hu mi -
di ty ws,
w – wind spe ed [m/s].

If the cur rent fire lo ca tion, du ra tion and time ne ces sa ry for ar ri val of fire se r vi ce
units are known, it is po ssi b le to eva lu a te the wa ter de mand in a si tu a tion fo und by
the fi re men ar ri ving to the lo ca tion of the fire. The ap p li ca tion of a co m pu ter
si mu la tion may in a si m p le way fa ci li ta te plan ning of ex tin gui s hing actions.

3. Co m pa ri son of the sy stems

Dur ing the last cou ple of years many sup port soft wares were design. The
most im por tant fea tures, de ter min ing the way of op er a tion, are as fol lows:
• type of in put and ou t put data,
• way of mo de ling,
• equ i p ment, 
• we at her and spa cial con di tions.

The fol low ing ta ble (Ta ble 1) sum ma rizes the char ac ter is tics of cer tain
pro grams used to pre dict the spread of fire [1].

Computer simulation of forest fire on the basis of digital maps and weather forecast  11

(3)

Fig. 3. Gra p hi cal di sp lay 



Ta b le 1. Pro per ties of some pro grams to pre dict the spre ad of fire

Property/
program

Fire
Simulator

BehavePlus FlamMap Farsite FSPro

Type
of input

digital forest
map, weather 
forecast,
humidity
of bedding

data entered
manually
through the
user interface

map of
spatial (GIS),
fuel type,
terrain, other
data

map of
spatial (GIS),
fuel type,
terrain, other
data

map of
spatial (GIS),
fuel type,
terrain,
climate data,
the well-
-known fire
perimeter,
other data

Type
of output

map of the
damage after
the simulation, 
the amount
of demand
for
fire-fighting
measures

tables, charts, 
simple
diagrams

map of the
damage, the
minimum
time to reach
a fire risk
areas

the increase
in fire-
-damaged
area

fire
probability
map for each
computation
al cycles

Changing
the input
data
during the
simulation

changing
weather
conditions

conditions
unchanged

conditions
unchanged

changing
weather
conditions

changing
weather
conditions

Simulation 
time

simulation
time in min
inflicted

combustion
time elapsed
for a given
distance
defeated by
fire

simulation
time in min
inflicted

time
simulation
inflicted in
the days and
hours

time
simulation
inflicted in
the days and
hours

Equipment Personal
Computer

Personal
Computer

Personal
Computer

Personal
Computer

“high end”
computer
with
computer
access by
authorized
analysts

Modeling embedded
deterministic
model

model library 
FBSDK

model library 
FBSDK

model library 
FBSDK

possessed set 
of probabi-
listic models

Spatial
conditions

topography uniform topography topography topography
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It sho uld be no ted that pro grams such as Be ha ve P lus, Flam Map and Fa r si te,
use in the ir ac tions the same set of li bra ries, “So f twa re De ve lo p ment Kit Fire”
(FBSDK), which is a col le c tion of C + + fun c tions and clas ses im p le men ting the
va rio us fire al go rithms. Li bra ry FBSDK is ava i la b le un der the GNU. Co m pa red to 
exi sting so lu tions es sen tial fe a tu re is the abi li ty to co o pe ra te with the ava i la b le
fo r mats of in put data such as maps of fo rests and nu me ri cal we at her fo re ca sting.
In ad di tion, the mo del in clu des the age of the fo rest ta ken di re c t ly from the
nu me ri cal maps of fo rests. The pro gram is easy to ope ra te and has a low
har d wa re re qu i re ments [1]. 

The dis ad van tages of soft ware are as fol lows: 
• it does not take into ac co unt the chan ges in the topo gra p hi cal data, 
• the kno w le d ge of mo i stu re con tent of fo rest lit ter is ne e ded. Para me ter does

not exist in we at her data and must be car ried out ma nu al ly, 
• the re sult of si mu la tion may be af fe c ted by an er ror due to dif fe ren ces be twe en 

ac tu al con di tions and ou t da ted data de ri ved from di gi tal maps. 
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S U M M A R Y

dr in¿. Anna SZAJEWSKA

COMPUTER SIMULATION OF FOREST FIRE ON THE BASIS
OF DIGITAL MAPS AND WEATHER FORECAST

The ar ti c le pre sents the in te gra tion of di gi tal to po gra p hic map of fo rests and
short-term we at her fo re cast al lo wing to con duct a co m pu ter si mu la tion of fo rest
fire. To exe cu te a si mu la tion, a so f twa re was pro du ced. The so f twa re in clu des
dete r mi ni stic mat he ma ti cal mo del of fo rest fire, pro gram med on the ba sis
of de ve lo ped as su m p tions. Cre a tion of men tio ned en vi ron ment si mu la tion was
ba sed on a need for the op ti mum plan ning of ex tin gui s hing ac tions in lo cal fire
se r vi ce centres. 
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