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Tab.1 Data of wind speed and wind-force
W1/ 9% vy/(me s vi/(m* min~ 1)
1 2.0 6.18
2 3.6 13. 85
3 5.4 50. 00
4 7.4 64.55
5 9.8 83.33
6 12.3 144. 33
7 14.9 250. 00
8 17.7 353.55
9 20. 8 500. 00
10 24.2 599.02
11 27.8 625.00
12 29.8 833. 00

k2 TRBEFBTHRKEBEREK
Correction factor of fire velocity under

different slopes

R K, 382 Y K, BEEH K,
—42°~—38° 0.07 | —12°~—8" 0.83 18°~22° 2.90

—37°~—33" 0.13 —7°~=3° 0.90 23°~27° 4.10
—32°~—28" 0.21 —2°~2° 1. 00 28°~32° 6.20
—27°~—23" 0.32 3°~7° 1.20 33°~37° 10.10
—22°~—18" 0.46 8°~12° 1. 60 38°~42° 17.50
—17°~—13" 0.63 13°~17° 2.10
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Fig. 1 Distribution style for fast fire spreading
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Fig. 2 Distribution style for slow fire spreading
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Fig.3 The area of the forest loss in a fire point
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Tab. 3 Meteorological data in the fire sites of Example 1

T R T 1 Tt A T T P
(mes 1)
RS (i =1) 6.0 7.5 4
NPRILG=2) 7.0 6.2 4
HRAR HLI[ R (i=3) 5.5 5.1 3
597 mh (i=4) 6.0 5.5 3
FoA LB 1 E K E WM IE B

Tab. 4 Geographic data in the fire sites of Example 1

&K YepE/ () TR B RO B B/ km
BN (i=1) 0 i i) 24.7
NPRILG=2) 15 i r) 30. 5
IEEM AR G=3) 2 X 31.2
597 EHL(i=4) 10 i f) 28. 6

R AR K A G BT 75 31 45 5 K o 1) ok H i ik
BN 179.4.318.9,105. 8,188. 6 m/min. R #
PEUR S WO AR AR B &K KON R B AR R KA
BORIH b7 B2 B CWLFE 5.6). BL A, S5 B A4 2 ¢ et [ia]
9.3 h. H5EPRAY 8 d AH L A4k T G A R
s g BT AR AR T S S E B 5L 27 903
N WSR2 1 T2 NS KK HE 9 301
B RELBRR 2.4 £
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Tab. 5 Scheduhng schemes of emergency supplies

mAER K mAEHB Kok mBEKK

R _
HEH/E RBU/AN /6 A /h
EMEBYT (i=1) 1 804 5412 4718.4 5.4
NI Gi=2) 3951 11 854 10 332.9 8.9
TBHEBEIT AR (i=3) 1 350 4049 3529.3 9.3
597 FH(i=4) 2196 6 588 5743.2 7.8

F6 MAWENFHERMLERSG LIREML
Tab. 6 Comparison between optimization results and

actual ones for emergency supplies

Kk KKH WG Kok FRARTE IR
i Af/E /AN BH/oT KRB/
SEPRAE 8 d 3897 16 143 2296 1995120
ALEE R 9.3 h 9 301 27 903 24 324 1803611

3.2 KPR A A S A

S5 2 2010 4E 6 A 29 H 10 B, K442 04
WP ARl JR I v AR X R A KHE T AN K K
KT 7T H 3 H 11 B K. A K Z ] i FE R
GO AR N2 7~9 FiR.
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Tab. 7 Distance between the fire sites km

MPJR 1231 w3154k FE59 5Lk KPS 5Lk 1254 35 6 54
Mol 7 0 42 56 63 65 50 66 45
1231 & 42 0 20 33 45 35 48 64
31 54 56 20 0 46 53 44 42 58
7§ 59 54k 63 33 46 0 60 55 52 54
I 59 H 4k 65 45 53 60 0 62 64 56
12 54k 50 35 44 55 62 0 65 66
354k 66 48 42 52 64 65 0 63
(R=2 45 64 58 54 56 66 63 0

x8 Efl2HKkAMALEE

Tab. 8 Meteorological data in the fire sites of Example 2

KOS SEXGIREE /C I RGE/ (m e ™) SR /G
1231 f it 25 3.6 2
31 54k 23 2.0 1
7§ 59 54k 22 2.0 1
0 59 52k 26 3.6 2
12 54 24 3.6 2
354 23 3.6 2
6 T2k 22 2.0 1
F 9 LB 2 F K R HE B
Tab.9 Geographic data in the fire sites of Example 2
KR g/ () TR A A [R] 5K /h
1231 @&t 10 i f) 4
31 54k 2 i fa) 6
76 59 B4 5 Hif) 6
M 59 Bk 15 i) 3
12 54k 13 i f) 4
354 8 A 5
6 54 8 A 6

B 3 AR 41 7 A E KT B Y
VLR A E SRR S R E 80 km/h, [E &
EAT %% 150 0, B B (932 47 2% 100 J6/h. 1 &
RKKPGEAAH 1A 25T H 1 AKE D AK
S 3 440K B b 2 AR

H ok i FEA RS 3] 7 AN K B ok A
B (R 100, SR X & K Lo B HE Y, i 5
/N R AT TR R RS g 5 0L AR R
KR A 0 KT FE NG Y K 3 S
T 44 3 K ST B K K BN R 11 s,

RN AR R S P AE R i R AL E
TEAE— Z 9 T A A8 Pareto-fi 4 i 1) 4
SN R RS R 1 S BRL 1 A WA I R M 2 R M IR
R A B A AR, 3 L e i v B ARV SR i
T EHARREC L A E AR RS 2 19 FZAE AR, &

w, =0.9w, =0.1,F=w F, +w,F,, {1 2%
L HURBE LB M = 100, Hik o, Ge) % T8 K B
21 A ZOE R goe = 100, SLREHLB ¢ = 5,30
AR PR BERLRE M, = 20. T8 50 WS ISk
VLI 4,15 B85 1.
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Tab. 10 Fire spread speeds of fire sites

2 d kﬁ%@iﬁirﬁ/ g kﬁh%ﬁ?ﬂfﬁ%/
(m * min 1) (m + min 1)
1231 54 5.16 12 54 6.56
3154 2. 20 35k 4,83
i 59 52k 2.55 6 52k 3. 40
W 59 52k 6.98
F 11 A& K KRR E s KRR FRE R

Tab. 11

Priority and demands for emergency materials

of fire sites

R X I8 A KA KRAGT R/ E

M 59 B2k (FAE D 3
12 SR GE K 2
1231 i (kA5 3)
3T KA D
6 T4k (KR 5)
7 59 54 CE kA 6)
31 S (FH KA D

N o Gl B W N =
e - et

740
720

k. 700
680

66000 20 30 40 50 60

No
B4 desgXR

Fig. 4 Convergence result
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Tab. 12 Vehicle routes and the corresponding costs and distances

s F 35 % KRR /h 32 By B BUAR /T iz 4 A B /km

o AR AR WS FEIL Wiz BEs R A2 G
s o — — —
kil 0.65 — — — — 65 — —
Bk 2 0.50 50
K3 — 0. 42 — — — — — 42
PPy — 0. 90 — — — — — 90
BRES 1.21 121
K6 — 1.05 — — — — — 105 —
HRET — 1.32 — — — — 132
s o 1.66 1.68 1.88 — — — 166 168 188

&it 1. 86 1.55 2. 64 2 160 2 180 2 380 166 168 188
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Research on optimal allocation of rescue resources for forest fire
. . / .
in Daxing anling

YANG Zhong-zhen”, GUO Li-quan, DONG Xia-dan

( Transportation Management College, Dalian Maritime University, Dalian 116026, China )

Abstract: For the rescue resources allocation system consisting of single depot and multi-demand
sites in Daxing'anling forest fire emergency, the existing flame spread trend model is firstly improved
by studying the regularity and characteristics of the forest fires which had happened in Daxing'anling,
the factors affecting the flame spread and the flame spread styles. Secondly, based on the flame spread
speed, the damage degrees in the sites are distinguished and the allocation priority of rescue resources
is determined. Finally, the problems of allocating rescue resources and dispatching fire engines are
studied. For the former, a model is established under the condition of minimizing the forest loss and
rescue cost. For the latter, a multi-objective optimization model is built with the objective to minimize
the needed time and costs, and immune clonal algorithm is used to solve the model. Examples prove
that the model can improve the rescue resources allocation system for forest fire, and provide guidance

for reasonable resources arrangement.

Key words: systems engineering; forest fire; emergency rescue; vehicle scheduling; logistics

engineering



