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Influence Analysis of Bird Strike on Flight Safety Based on Logistic Method
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Abstract:In order to understand the influence of various factors in bird sirike events on flight safety, the multinomial Logistic Regres-
sion was used to analyze the factors affecting flight in bird strike events. The data came from the Federal Aviation Administration’s data-
base of aircraft strikes with wild animals (mostly birds) from 1990 to 2015. The data in the data—base were simply eliminated and
screened, and 44837 records including 13 kinds of influencing factors and 4 kinds of influencing factors on flight were determined. The de-
termined 13 influencing factors were taken as regression variables, and 4 kinds of influences were taken as response variables. The multi-
collinearity of regression variables was diagnosed by using SAS software with the method of variance inflation factor. The results show that
there is no obvious collinear relationship among the regression variables. The maximum likelihood estimation is carried out by using SAS
software, and then the parameter estimation results are analyzed. The factors that significantly affected flight were number and size of
birds, flight altitude, flight speed, mass of aircraft, number of engines, season, flight stage, time of day, and whether the pilot had been
warned. It provides certain guidance for airlines and airports and other related enterprises while making decision.
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1E 0.15~6.25 km, & T+ 55 0.3 km, & $8 % K 29 5 /)
32 %574 %) S HEF A 66 %) T 21 5] &S5
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b RIS N BT S i R T R T ORISR
20 tH20 8O AEARR , 2= H A A T S48 5 A 4y 4 H
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A B TPV 356 5 19 52 1], & 30 52 ) A% B T\ =45 B
I BB ARER MEER .

i 52 Logistic [71A 43047, 7T LAAS- 3] 3 48 & % [nl 19
AB . BT A I AR AR X =

(e, ) BRI Py = 1 |x) = p IR
x BB y K AERHER . ] Logistic [ H AR () JE

A FIRH
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Lo)=J]pr1 -p) " (6) © AWBIEAEE R T CAT R R A e, Ay
‘ . \ . ‘ s LA R Ry B i, o 75 BBy o 2
6B A RmRARE RO PRI S R
= § AR5, = B 5 y A1 NVRAYS
(6) TR BRI AR i R g - ;;7 ;ﬁﬂ“ #{i% r“zw:L e
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1 BHATERFER
A K HH/% At K- Hr %
0~1524m 96.1 0~ 100 kn 18.3
P, (Altitude) 1524 ~ 3048 m 33 P_(Speed) 100 ~ 200 kn 72.1
4572 ~ 6706 m 0.6 200 ~ 380 kn 9.6
<2250 kg 7.6 1 7.8
2251 ~ 5700 kg 83 2 86
PI“(Mass) 5701 ~ 27000 kg 19.4 Pm(Engine Number) 3 4.6
27001 ~ 272000 kg 63.8 4 1.6
>272000 kg 0.9
& 64.2 JETHAR KA T 33.9
P (Warned) B 158 P[,},(Phase) [ 7% /T 135 i 62.7
o M 3.4
B 48.6 1 82.9
=
P, (Sky) FEiaie P,,) (Bird Number) 2-10 15:9
P 51.4 11~100 1.1
>100 0.04
/N 62.3 EPS 62.1
P, (Bird Size) 15 29.4 P,(Daylight) e I 29.3
xE 8.3 RIS 8.6
% 11.7 7 97.4
P_(Season) # 23 Filfog) 7 2.6
. Deason Pl 318
778 335
Pr"’( Precipitation) o 93.9
& 6.1
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At AR A K- AL
L F\=1, FLIGHT_EFFECT=1; 0: JAll
P 0=t 1 K, 1= R B HLIE 4 2= TR o, 3=T0R |
P, (FLIGHT_EFFECT) AT F,=1, FLIGHT_EFFECT=2; 0: J(fll
H)
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B,=1, BIRDSIZE=1; 0: HAh
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P, (Mass) TRHLT A S ’
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E,=1, ENG_NUM=1; 0: HAlh
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P, (Warned) KATRURBREE 0=7, 1= P
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e, Ao, AL —A8 i n] A A e &
FR R RS i 2 AR 58 btk . A TFTE
X, +e, X, + e, X, +v=0 (9)
K ie, AAH 050 HFEHLTHLTHLIT, IFR Ay 2L
MBS B OGP
AR R MAETE 2 E AL M SR SR THE R
Y05 R 25 bR DR | EE 2 215 B AT A0 B iy el A &R
B, T BOT B AFRE , ZE 153K Logistic [B]JH AR
RULA I G M AG B 2B I HEis W T
P A T AR OC REG Sk 7 29 R 7k ARAE(E
AR STREOLFE 2R . ASCRA I 28 K ikt
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Inflation Factor, VIF) 522N

V=1/(1-R?) (10)
K VAR 2ZY KEF R LA &8 X, R AR G
I, X e A R R AT 1A ) SR G R B

— AR, 2 0<V<10 B, A S A7 AE 22 b2k
P 5 24 10<V<100 B}, fF A8 om i) Z2 AL 2k 2 V>
100, 7775 8 22 B LA M, IS Tl SR 32 50 0 A ik
Kk Logistic [A]1H22,

A SO T SAS AR A B i 7 2297 R 7 W
3. FRrpal UL, [a] )5 725 (6] 9T B 8 A e 2 v
KF
2.3 S¥ht

ASSCAR Bl SAS A xf Z 80 AT e R RUSR AR I .
H T AR SORE i W AR B TR T E I S, o i
eI ) IRaTaS s G 1 o VL N1 3 R 2 B e 2
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5 SRk brifiiz t P>l Vv

Piween 225773 0.01142 197.69  <0.0001 0
P, -0.00003885  0.0000018  -21.63  <0.0001  2.32565
. 0.0027 0.00008109 3324  <0.0001 272475
P, 0.07931 0.00311 2552 <0001  1.84638
P, -0.02289 0.00611 -375 00002 149077
P, -0.00625 0.00457 -137 01711  1.03813
P, 0.24531 0.00421 5828 <0.0001  1.0702
P, 0.01166 0.00454 2.57 0.0101  1.11385
P, -0.10165 0.00522  -1948  <0.0001  1.02459
P, -0.10364 0.00344  -30.13  <0.0001  1.05967
P, -0.00384 0.00342 -1.12 02615 1.06326
P, -0.00147 0.00215 -0.68 04955  1.02027
P, ~0.00963 0.01371 -0.7 04821  1.02747
P ~0.00498 0.00936 -053 05949  1.07851

pr

HEHX T2 HANSEAT WK 4~6. KT EM
25 P>0.05 A7t , I TR 2 R A 25 LA T AT 20T

PR AR TR R I A SR LR 40 K
Frpal UL, AR €, C % B, I FR R, UL 8 1Y
B IR E 100 HUR LA E S B R R AR

“ TR RS MR A AR 2R 43 S SRy TG 5 e 11 27.88 il
8.603 1% .

PR A R B R e B 2 B T LR 5
MR Al WL, AR B, C, B, Fl B, 1Y 2B K, U Y
ML 4 KB Y S A 2 ~ 100 HLU R R
SERCRTE, AR R SHLIE A R R A S R T
AR 9.285 .15.394 F127.796 3

PR A T A RS R R S BT LR 6.
MFer ] WL, AR €, C, 0 B, R B, I 214 18 1
(1) 55 (B0 TR 31 100 H R DL B 5 14 RSE R K7 i
A TR 3 i 5 ) A RE 23R 4 531 R T R T Y 10.694
F6.779 1% .

SRR, 3R 4 ~ 6 T B S R/ G AR
AR B E M (P<0.05) . K4 nl I, AR i C I
A 27.880, B 24 K AL i 100 H & UL B & E), &
ML ) 5 rp b 6 AR S R al UL, AR 4 B, 1A L
k1 27.796 , 156 I 2438 1 1 5 1 RSF R “Large "B, %% 5
BUASZE AR AH 2 . AR S Lk o B o] 0, 55 i 8
NN TES A TE S

F4 SEMAT(RIEET)

5t KATHMM FAHAE FrifEiR Wald G54 P e 95% Wald 15 X [f]
— 0 2.461 0.213 133.418 <0.0001
P, 0 -0.198 0.021 91.975 <0.0001 0.820 0.787 0.854
P, 0 -0.043 0.002 485.589 <0.0001 0.958 0.954 0.961
P, M, 0 -0.832 0.240 12.058 0.0005 0.435 0.272 0.696
P, E, 0 1.160 0.438 7.013 0.0081 3.190 1352 7.526
P, P, 0 -0.225 0.090 6.198 0.0128 0.799 0.669 0.953
P, C, 0 1.150 0.095 146.874 <0.0001 3.157 2.621 3.802
P, C, 0 2287 0.262 76.300 <0.0001 9.841 5.892 16.440
P, C, 0 3.328 1.149 8.390 0.0038 27.880 2.933 265.012
P, B, 0 1.334 0.094 200.389 <0.0001 3.796 3.156 4.566
P, B, 0 2.152 0.149 208.923 <0.0001 8.603 6.426 11518
P, S, 0 -0.354 0.137 6.686 0.0097 0.702 0.537 0.918
*5 SEMEITH(ZHIERE)
AR KATRZ IR FEAIT i Wald 41z P i 95% Wald {5 X [i]
L — 1 -6.430 0.627 105.147 <0.0001

P, E, 1 2228 0.803 7.706 0.0055 9.285 1.925 44783
P, P, 1 -2.148 0.252 72.404 <0.0001 0.117 0.071 0.191
P, P, 1 -2.407 1.037 5.386 0.0203 0.090 0.012 0.688
P, c, 1 0.834 0.237 12.327 0.0004 2.301 1.445 3.665
P, C, 1 2.734 0.459 35.423 <0.0001 15.394 6.257 37.878
P,. B, 1 2.422 0.318 58.002 <0.0001 11.265 6.040 21.007
P,. B, 1 3.325 0.350 90.075 <0.0001 27.796 13.988 55.229
P, D, 1 0.733 0.268 7.472 0.0063 2.080 1.230 3.517
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*6 SEMHIT(MEEER)
Ap TKATRE EX 4 Frifiis Wald 4t it r it 95% Wald ‘15 X ]
Pereen 2 -0.996 0.111 81.327 <0.0001

P, 2 0.000 0.000 6.845 0.0089 1.000 1.000 1.000
P, 2 0.005 0.001 37.139 <0.0001 1.005 1.003 1.007
P, M, 2 -1.135 0.111 105.567 <0.0001 0.321 0.259 0.399
P, M, 2 -2.014 0.109 342.235 <0.0001 0.133 0.108 0.165
P, M, 2 -2.558 0.358 51.182 <0.0001 0.077 0.038 0.100
P, E, 2 -0.964 0.097 98.353 <0.0001 0.382 0.315 0.462
P, E, 2 -1.621 0.197 67.839 <0.0001 0.198 0.134 0.291
P, P, 2 0.185 0.049 14.080 0.0002 1.203 1.092 1326
P, P, 2 -2.773 0.064 1882.599 <0.0001 0.062 0.055 0.071
P, r, 2 -0.405 0.082 24.498 <0.0001 0.667 0.568 0.783
P, c, 2 0.748 0.058 168.520 <0.0001 2.112 1.886 2.364
P, c, 2 2.136 0.144 219.686 <0.0001 8.469 6.384 11.233
P, C, 2 2.370 0.709 11.176 0.0008 10.694 2.666 42.909
P, B, 2 1.006 0.052 375.331 <0.0001 2.735 2.470 3.028
P, B, 2 1914 0.066 845.516 <0.0001 6.779 5.958 7712
P, D, 2 0.161 0.059 7.437 0.0064 1.174 1.046 1.318
P, s, 2 -0.272 0.074 13.531 0.0002 0.762 0.659 0.881

AN, N 4~6 ik w] UL, R AT 5 (ALTI-
TUDE) . # J& (SPEED) Al € ALt 12 (MASS) X F 1k
S CORN P 2 i B E . K45 PR R, 40
4 3.190 #19.285 , it Bl A& S HLIE 75 Ay 4 &% T 1k i
KRR AU 2 B . M, S kil
4 W, CHLEM N T R P4 . Rm N E F X
bR ORI M A b R . 4 AR 6 AR S,
T AR kR R TV Rl TS AR 2R
1 R S X RAT ORI BRI . 7R RATRY
% H P X S AUAS AR T A B A
W, 4 RHLAL T iE i BB TR BT, AR AN 2= A:
T 25 i AR Lk R RS AR PG EL R
H 5 4R TR B, P, A HEAR/IN , B AR S A
B Bt AL A TE R e AR T . S AR R D=
2.08, Ui B 7E T SR B B, RAL R S LS 4R
W 6 AR R D =1.174, VWA G [ AL {6 [ T 5
ENEE R FohARE PN 1.203, B Y KAT DB
B TP B AR

Wi P, PP J8&TRAHEER, Hrh PRIP 1R
4~6MENEE RS P,=0.799, W KZEH =
F R I 18 4 A TR M A MR
2.4 HIFERIFEMIZITE VITEENEX

23NN TS S SR 134 EX ©AT
REE CATLAEMFEW, L3RBT 25 508 A A 4
B AT E A RIS 2R L el 15 78

e BRI 5 RN B R AT A
P, — 51, A6 CAT e 2Ok S HL B0 iR B BT g
TEFURT A PEBCT I, AU XE AN [7) J5 8 AN [ 40 Y
B0 AT i BB ol B HSE M T AT 14 30 Ar B S E A
PEA, BRI R AT R U S LAY DT S RE T 5 50—
D7D, X T AT A BRI, e AUR O Tt R AR L
Y I S 10 S T R RE A T T PR BB AR B 2K 1
1y, n ek A AL 37 J] i A 35 SR IO 28 B IR O 4
TE RSB T T, 4 & KA S 4 i (ki O
RS G RBER B X X AT e KALgE T
R J™ B , DAL 4 % RIL S H R ST iR
If A2 41 2% S BT S AR T 5 AT A2 28 W AL
TE18 5 4 KB RIHLI , 2R 505 R € T ik
ARG B IR S B S R . R AT B S O I, 44
R ARAR T BB BOR , LIRS AT RESRR O 64T 5 A 1
fefitbrih.

3 #it

(1) BRI/ N R E T E AT,

(2) RHLEA 4 6 LS Tk CR & 5
PP AA S2E5000 , >Y RAILA 4 I S i ] 1 2 sh Al
154

(3)FEE Z=, rp 1k B ORI 02N 25 i 114 ABE 24331
SHICEEIR ) 0.702 F110.762 % 5

(4) TE3 AT B B, ¢ shHILAS: 2 R 3 P 2 ol g 48R
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