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A Comparison of Single and Multi-matrix Models for Bird Strike Risk Assessment’

Mi-Jin Hong®T, Myun-Sik Kim*", Young-Min Moon’T, Jin-Hwan Choi’T, Who-Seung Lee’ T, Jeong-Chil Yoo**
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2005 E] 2013E7A] 4% SR GAHA|AE (Integrated Flight Information Service, IFIS) A=2E IO 2 3147]
of IS % AR iEEhe x5 £ el Bl U i ojEa 29 7 gEy Wk Ane wn 24 0
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#olm, Z7H491 Bidl ofs) - mEle] W7k A gk 2 Aolh WA Ao e
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ABSTRACT

Bird strike accidents, a collision between aircraft and birds, have been increasing annually due to an
increasing number of aircraft operating each year to meet heavier demand for air traffic. As such, many airports
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have conducted studies to assess and manage bird strike risks effectively by identifying and ranking bird species

that can damage aircraft based on the bird strike records. This study was intended to investigate the bird species

that were likely to threaten aircraft and compare and discuss the risk of each species estimated by the

single-matrix and multi-matrix risk assessment models based on the Integrated Flight Information Service
(IFIS) data collected in Gimpo, Gimhae and Jeju Airports in South Korea from 2005 to 2013. We found that
there was a difference in the assessment results between the two models. The single-matrix model estimated

2 species and 6 taxa in Gimpo and Gimhae Airports and 2 species and 5 taxa in Jeju Airport to have the risk score

above "high," whereas the multi-matrix model estimated 3 species and 5 taxa in Gimpo Airport, 4 species and

5 taxa in Gimhae Airport, and 2 species and 3 taxa in Jeju Airport to have the risk score above "very high."

Although both models estimated the similar high-risk species in Gimpo and Gimhae Airports, there was a

significant difference in Jeju Airport. Gimpo and Gimhae Airports are near the estuary of a river, which is an

excellent habitat for large and heavy waterbirds. On the other hand, Jeju Airport is near the coast and the city

center, and small and light bird species are mostly observed. Since collisions with such species have little effect

on aircraft fuselage, the impact of common variables between the two models was small, and the additional

variables caused a significant difference between the estimation by the two models.

KEY WORDS: STRIKE SEVERITY, STRIKE PROBABILITY, AIRPORT, MODEL SELECTION, FLIGHT

BEHAVIOR

ME

IR FES B A T AREA 1 A
o] WA= A A=A, A ST HEo Hid

EA 50| A2 TS Sl Sl SRS BT

Dolbeer et al., 2014). v]= &34 (Federal Aviation
Administration, FAAYE = the] IRl 85725
FEE Q5] A7E 99 53 T g oo A Ealo]
A Z10R RISk glom (FAA, 2019), £ F3eH
A (European Aviation Safety Agency, EASA)oA+= A
AIAS] BIZkgRtoll A ATt oF 1 f2 o] A &4lo]
HPRITRaL 25151910} (Maragakis, 2009). ©]9} & F59]
RS ool wjss 2astelr] flelf =12 AdoflA okt
4ol dale el Ageln k. BANNTE|T
(International Civil Aviation Organisation, ICAQO)7} ILA|5}
of 7t BRI Hgel Qi Be S 27 A B
e (o, 24] wo] B, $A9) vig 24 HE 2577 3
W2 FA=X] oA st 37]-27 552 dekes okl
QIt} (Barras e al., 2000; DeVault et al., 2011; ICAO, 2012).

a7l 2R F50 W QW AAH ThE 2ax))
M 27 5= AP F7F 7S A AEE FEolA 9
2% 5 JPHL A3shs 27 99 wd (o Bird
Avoidance Model, BAM)Z} 25 7154 9 9348 B7)s)

L 3ar|-25 2= 934 B 24 (o; Bird Strike Risk
Assessment Model)= FEEICH (USDT, 2012). dA 3[2]9]
A g A FF71AF 35 SIEA W B Bid
Strike Risk Assessment Model)S 7idt 9 =Ql5to] Tzt
Z4%) 28 W ARE) A4 AL B9 FELER 35
AL A olskn B ) AR SS9 58 s
2|aslsbr] Q1Rt A7) 3 Aol &8skl 9l=d| (Allan
et al., 2003; Ruhe, 2005; Baker and Dungey, 2007; Chen
et al., 2012; Wang and Herricks, 2012), th5E =+ w18y
(Civil Aviation Authority, CAA)o|A Aokt mjEZA
(Matrix) 7|9 AL 7PA1e w2 gick wjEe)s 7]
Ble 9134 WS 2535 7Ms4 (probability) 7} FE2
ek 4214 (soverity) 710] 313} 2o] wfe} 2E 4 ol
SRAlo] mEEM ol AASHAL AR 4 Gl Z7HAel
ofglzie] ke MRS Sk Zolct (Searing, 2005; Group,
2008; Paton, 2010).

EYA HES o83t v |-2F FE AL B
melo] ok nole] Rst o] wet A Tl EA
(single-matrix)@} T} WlEZ]A (multi-matrix) 22 L&
Ft} (Allan, 2000a; 2006). T jESIA HEO 25 ZX7)
(body mass) X 7JA|4> (abundance)Q} -2 712491 &
AJe) AR} 7]-25 SE29] "% (bird strike frequency)
= F3lollA T HIE (frequency of occurrence) 5 &
719] 23] P = 5 e TF W 27 AT FREE
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2579 E-rﬂlﬂ 35 7]‘_‘/\ée 4 o’él‘:
W 2 9 38 MBS Relom oo HEdom £
% sFolA9] 25 SI@AS 7Kk (Searing, 2005; Allan,
2006). T W= T B HjEE) Egths A
st 712 Ansl ol 97] 23] die Ak el W
Aol 7\z5 Bae] 59 WS wlo] Z7bom v
sttt (Paton, 2010; Figure 1b). T wjEg|A wdlo] Rt
ol o] W ) meoleiy, i wELs mae T
2 g7} el WigE B4 F449) W7t melolekn
g 4= QJt} (Group, 2008; Paton, 2010).
*1]741 Zt=0] FRtols % AR (ofl, 5 24, Q1A
= JEisto] At mElS Aelstol ARSIl Qlrt (Searing,
2005, Paton, 2010). o5 &°1, 7iut} W5 F3olx=
T mEgA HalS, 55 oS ole ke tE MEA
HelS o] g3t & ARSI itk =uiellM= 2
< Park (2012)0] thg WiES A BELE o] @510 AlF=AlE

_INJ

3}o] SV |-ZF = 294 IS £35ka, 20123
51 ‘2= u] o]:/\ﬂ% %&i_l_]sl 71—/\oﬂ L 7] (;.EOHO]:H

A A2012-733F)¢f o5 2F F= ¥4 H7E vy
13 ol g71Mo= el o, WELs By He
Aol ot B} el 9l v miEL A wElo] Ay} AjolE
l:l]jl_~7—1§€ﬂ— A= gloitk

2 Apelie 1) 74 33 8 -2 FE SRS
B7ioln, 2) Tl 2 o siEds nide) W ) 2

FHE o7 GeA] e W 7] o7t QA B4
sigich. )i 3) =e 7} Avs olgalo] |9 Sol
oJ3)A Ty} malo] WXy I Al 23kl aly)-2E
= R B7F 2] A vl dfs skt

OH

14

1. G7XIE

PR 2 A W B RS Sie ATl
FEATAVH TSI B F 7] 3ol Wt )
AR (A AT, AR (AR 417 el
A=A (AFA B5E) A Follet (Figure 1), & @7
o] BAoll= A, st AFAREGeA 2005515 2013
W7 Eaear Al At g2l 2REXHolHES ol &
Sk, ZREEo|el HaRARTl] ol FAwo] A%
Fo] o 27 Hie U 7|58 497 WA @ ; 2719
71, A7) F T glo] J|eVIRE 718E) AR 44
WS 98 BREs 7|5E dolE s nE ol gt

= A7
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Figure 1. Study site (Gimpo, Gimhae and Jeju International
Airport).

1) o oHEZA oY

ol “H @.i P2 33 o] E¥oks 279 S w5
Ao} B WES folo® slo] BE-EF 25 PPN

ozgict. el o glel Wi Az TisHom
£ B35 351 uirde 79 343 B9 A
Hil, F5 7RSI ‘ﬂE% 3l AAFHFigure la,
Table 1). Z¥zF AAlE 25 A2} 2= 715A4)S Table
19] 7} mjE2of ti)fste] 2FA o8 Ja7]-2F7 T&
S d|=3tc(Searing, 2005; Allan, 2006).

25 39 #5577 A= Dunning (2007)& 3155101 7t
A0 Fgho 2 ARSIk 27 Al W A
o] 571A] HFm FHEsle] el HhdsiSirt (MacKinnon,
2002):

>15800g - DH‘?‘ r.\:l (Very hlgh)

1,001-1,800g — =2 (high)
301-1,000g — E% (moderate)
101-300g — = (low)

<100g — UHO ”8 (very low)

PIN2E FE S AT B 3 BA5H
Searing (2005)0] A|2k3t BirdDaysE o]-g&s}to] AT
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Body mass Body mass Abundance
No. Bird No. Bird- Size of Bird Flight Frequency of Used area in
0 s Strike Flock behavior observation airport
Severity Probability
Assessment Assessment
Matrix Matrix
A A 4

Estimate Bird-Strike Risk
Assessment

Estimate Bird-Strike Risk
Assessment

Figure 2. Illustration of single (a) and multi (b) matrix model for bird strike risk assessment models.

BirdDayst= -Z3o] Zalah=
SIek POR B 5ol el =
IAI7 B 7R AeE &

9], 10 B1rdDays— 0}—Er

2005). o=

5ol 2

AL 102 2t AP} s ges

e 201307k 2t gapde e 2R

20K}k (median)S

&2 Z38} E0|7]9] BirdDaysE 4
712 91% BirdDaysi= of#fe] 5714 wiFe eale] 7t

3}t (MacKinnon, 2002):

ot 107Hxﬂ7} aE

oJmgke}. WA, 2005
=9] % Rkee]
7o = slo] 747} 0.5, 1, 2.5, Sujjo] H]
F=51 Tt (Searing, 2005).

5

(high)

2.54] — E% (moderate)

1y -

2 (low)

ol — mi$- =5 (very high)
5e - =2

0.54f — UH Q> S (very low)

TAFILL EY T4

SO FFDEE
FE RS 27

2) CkE miEalA 2y

thg mERs mYe 2 Bul B U
mEYA malRth 23 Y 250 By 9 o] AH =

=0

o

AZol g E o]8’3te] LA HIT A

o]7] Y3} Ajek=]ict (Paton, 2010). HA|

ErAoh ke w219 37] (flock size)

Table 1. A single matrix for assessing the risk of bird strike. Assessments for severity category and probability were based
on body mass and BirdDays since 2005, respectively. This table was modified from Searing (2005).

. Probability
Severity Category Very low Low Moderate High Very high Body mass (g)
Very high High Very high Very high Very high Very high >1800
High Moderate High High Very high Very high 1001-1800
Moderate Low Moderate Moderate High High 301-1000
Low Very low Low Low Moderate Moderate 101-300
Very low Very low Very low Low Low Low <100
BirdDays since 2005 0-1187 1188-2375 2376-5937  5938-11875 >11875
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23 28 ¥3 3% (flight behavior) (Table A1)2 22]

(Dol dHdste] Arkstac.

Table Al. Simple ranking and scoring system for body
masses (g), flock size and flight behavior of
birds that may be involved in a bird strike
(modified from Paton (2010)).

Category Score

Body mass

< 20g 1

21-50g 2

51-200g 4

201-1000g 8

1-5kg 16

>5kg 32
Flock size

Usually solitary or widely spaced 1

Often in loose flocks
Often in tight flock
Flight behavior

Rapid direct 1
Slow, meandering, erratic, hovering, 2
maneuverable

35 471

= Al whE HrE x 2o 271 < v P (1)

ohg vl mely AR BRA) uE 3%
3 A2 Table Ale] o) 7beln, Bt B 02
4:819] WAL Paton (2010)9] WALS Wtk ER £
selo] Z7]oh PAE 2579 A W5l BE S5 FeHE

Table Alof| e} H71E]Ql). o5 54 (1)of tidste] Akt
s, AXEE S5 A2 Mo okl 6719 HER
T-Eslo] 7Sttt (Table 2):

64-1287 — wjQ- A7} (extreme)
32-63% — |9 =2 (very high)
16-314 — =& (high)

8-154 - EE (moderate)

477 - W= (low)

1-3%] — o9 =5 (very low)

O WiEA wHoAY] F= 7k 1) 38 &R
2ol 2577F Aupt Sdsk=Alol theh A4 (quantitative)
2 Q44 (qualitative) B7}o] T 272] F5-1= (abundance)
o} 2) PR 277} BB 27 FEALE Loyl 7]S0]
QMR o 9 FE Abe] HlmR AWISIct (Paton,
2010; Table A2). ¢ wEEA mdly} o] Aafz £
Qg w7} gmo] diet ARl WIkE WA SalehaL 1
% 7V 2 W} 44} qpmel ) Anp) ek ojg Sol,
SFoIA T vlE7 IRl thet A S5 e =2
o) A4 FREI} w02 Blslsirh, B Bl
ot 7k - =R7o] FHok o]FA 9t Alslk: B
7} 1S SR o}, 3l W4 W7} 3E0) Slojd] Wt
g 53 A RS st Hriol wkdatr] HsiAlelH,
=4, tE ey 2dll o)l 219 FHE (precautionary
approach)2 7|22 3}7] wjFolc} (Paton, 2010).

A ZEE (relative abundance)= THERE 29 JAE
i A AR e fe® theat 22 719 BTe
FE510] H7IBlI} (Table A2):

Table 2. A Multi matrix for assessing the risk of bird strike. Severity and probability were assessed by Tables A1 and A2,
respectively (see Methods). This table was modified from Paton (2010)

Probability
Severity Low Moderate High Very high
Extreme High Very high Extreme Extreme
Very high Moderate High High Very high
High Moderate Moderate High High
Moderate Low Low Moderate Moderate
Low Negligible Negligible Low Low
Very low Negligible Negligible Negligible Negligible
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>1 — v} &2 (very high)
>0.1 — =2 (high)

>0.01 — X5 (moderate)
<0.01 — 2 (low)

2 HIx (frequency of occurrence, %)+ £ £9] 32k
SlE AA W SleE ke glold, TR (area of
occurrence, %)= 578 Fo] T WAL AAHA o= 1}
= grom ket 2 4] WRE PEslel BAsian
(Table A2):

>75 — ¢ %8 (very high)
51-75 - &2 (high)

26-50 — -5 (moderate)
<25 - 95 (low)

LR FEAL P T U2 Y Bk B
39 35 998 W FE 2 U gow 49 uEe
F8to] BIIIICt (Table A2):

>5 — "¢~ =2 (very high)
1.1-5 — =& (high)

0.1-1 — 2% (moderate)
<0.1 — ¥ (low)

FHEoh B vl thet BRI Wk oflet 2 47)
o WEE FHsle] Bt (Table A)

W+ (many) E= | (most) — " 35 (very high)
OK7t (some) — =2 (high)

A9 9L (few) — EE (moderate)

7H2 (occasional) — W3- (low)

AR FEAL B S5l et AAA B ol
oF e 4] WFRE TEste] B/t (Table A2):

&% (often) — i &5 (very high)
oFZt (some) — =+ (high)

7} (occasional) — E% (moderate)
CE (rare) = 2 (none) — 22 (low)

uputo R, 2tz MR 3B AR 38 ASRE
o ERA (Table 20 chelsto] G371-25 35 9184
S W} 9 fEsck

3) SERYTEAIAH H|O[E{H|0]A

e 8 o mEHA HHls vwsly] ¢fsf 2005135
20137419} =g aAtellAl ek
& o) 2FER] HlofEHlo] S o83ttt

YA L

S AtelA

i 4o

of O

¢

Table A2. Different methods of ranking species on the probability of those species being involved in a bird strike at a

particular airport (modified from Paton (2010)).

Criteria Very high High Moderate Low
Abundance
Quantitative
(a) Relative abundance(% of total birds counted) >1 >0.1 >0.01 <0.01
(b) Frequency of occurrence(% surveys species scored) >75 51-75 26-50 <25
(c) Area of occurrence(% airport land used) >75 51-75 26-50 <25
Qualitative
(a) Abundance Many Some Few Occasional
(b) Frequency of occurrence Most Some Few Occasional
(c) Area of Occupation Most Some Few Occasional
(d) Seen close to runways Often Some Occasional Rarely
Bird strike
Quantitative
(a) Relative frequency(% all strikes at airport) >5 1.1-5 0.1-1 <0.1
Qualitative
(a) Apparent frequency Often Some Occasional Rare/None
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F5719 = S0l Sl 2RE deR HAEESs IR T uEgR 29 7o SRS AR F,
FYotal qlom, BRjE 2570 T4, Ml 55 sEedH 4 3J7AEE (Sum of Square Regression, SSR)— Ak

A28 dlofejsjo] o] 7153} O‘E} 2005'A4E] 201 3LL At 2 Bt 2l7AREEE E3) AIC (Akaike Information

7 F 1053} F I9IR FHEA o2 8 R 5 Criterion), AAIC Z12] 3 AIC weightS AR5l T ujEe)x

156,9807114] (HE=A15% 46,23971A, Asl=A15% 43,492 el 7ho] Zjol S Hlwsigirt. & ¢He] B= 2412 R version

WA, AlFE=ARE 67,2497 )2 EJX] 7150] Qict. ol 3.3.37} Microsoft Excel 20110j|4 =845}t

oA AL EXE 2EURS 7|23k QJARE 5} o)A

g7 0l 2=3) 98| AJo] 9}\5 22 0] A AGR WIS

T —l> rir

R

4511 ol 7102 ¢ Wl 9L Bl vjsel 2 v 2 7}
2 WS Skt Bees =
i 2dle] Zpol5 Hlwsy| ffste] TR o5H 2% 25 Hat wrAel wE FerER S5 A 7Y

T A HW7F Aol diall wA; vl 24 sl F (Geese, GE), =8| (Cinereous Vulture, CV), Z1j7]|HF
Z1z7yol mdofli ALE S5 AT 35 71589 Bk (Gulls, GU)7} ‘ufj$- 327 0 & Hrpe|9) o, of7te] (Grey
|125}7] 918 Pearson Correlation analysisE ©|-8-5F3{tt. Heron, GH), ¥=% (Heronries, HR), 22| (Ducks, DU),
SRpHE = wdl 710] gyt Aulo] zjolE H|uwshr| $lsf HA 7 (Ring-necked Pheasant, RP)0] ‘=2’ o0& Hry}w|Qic) &

E

Table 3. Final scores of bird strike risk assessment in Gimpo, Gimhae and Jeju Airport assessed by single matrix model:
very high (A ), high (A), moderate (), low (v), very low (w).

Gimpo Gimhae Jeju

Species Severity NBD Risk NBD Risk NBD Risk
GH A 1370(%) A 2720 (o) A 99 (V) o
HR A 152048 (A) A 273643 (A) A 248 (V) o
GE A 1002223 (A) A 105 (V) A 0 (V) A
DU A 145216 (A) A 18234 (A) A 197 (V) A
Ccv A 181 (V) A 401 (V) A 8 (V) A
CK v 20070 (A) o 6272 (D) o 394 (V) v
SB v 17720 (A) o 9742 (&) o 693 (V) v
NP \v% 15 (V) v 35912 (A) o 418 (V) v
GU A 38 (V) A 1 (V) A 178 (V) A
DV o 18287 (A) A 8270 (&) A 38373 (A) A
SK v 104182 (A) v 179672 (A) v 246375 (A) v
WS v 0 (V) v 5981 (&) v 60 (V) v
BU v 154 (V) v 1 (V) v 58 (V) v
TS v 38681 (A) v 2375 (V) v 123342 (A) v
CR o 21352 (A) A 14885 (A) A 28325 (A) A
EM o 4028 (o) o 2039 (V) o 21930 (A) A
BS v 5828 (0) % 2017 (V) v 60782 (A) v
RP A 808 (V) o 958 (V) o 418 (V) o

Note: GH - Grey Heron (Ardea cinerea), HR — Heronries, GE — Geese, DU - Ducks, CV -Cinereous Vulture (Aegypius monachus),
CK - Common Kestrel (Falco tinnunculus), SB — Shorebirds, NP — Northern Lapwing (Vanellus vanellus),GU - Gulls, DV
- Dove, SK - Skylark (Alauda arvensis), WS - White-cheeked Starling (Sturnus cineraceus), BU - Buntings, TS - Tree
sprrow (Passer montanus), CR - Crows , EM - Eurasian Magpie (Pica pica), BS - Barn Swallow (Hirundo rustica), RP
- Ring-necked Pheasant (Phasianus colchicus), NBD - Score of BirdDays.
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SIGAT} (Table 3). AEZ=ASS WMESR, 72)7]5%, L2+,
2%20] (Common Kestrel, CK), =27 (Shorebirds, SB),
H|E7]% (Dove, DV), Zt}g] (Skylark, SK), ZHf| (Tree
Sparrow, TS), 7[1}A% (Crows, CR)7} ‘uj$- =220 & 3
ZrE|Qlon HafmAlea> WER, R, d7lEuAl
(Northern lapwing, NP), Zt}2], 7lulA%E 123l AF=A
S HE7l S, M, 7MHIT, 7HX] (Eurasian
Magpie, EM), A|H] (Barn Swallow, BS)7} ‘0| &=2°0g
B7FE|SIE) (Table 3). w4z F7A|9} BirdDaysE 4>
2 o]§3t T miEEA wdlo)] wE 7|27 S5 A
Bk ARSI = MER, 727 9 L2 L A
Al olis WMERe} et S= ARde] M- =
= o= H7FEI (Table 3). Z1efut A=Al 49,
= o] Wi =2 T2 gl AoE ASEAL Al
718715 L8R S50, AN, BEIEs 7S R
7h 35 g0l ‘w2 oR Stk Table 3).

2. L5 EEA D30 K2 >y 87t

270 Bt BFARE Bk Feje] =271, vy sl wt
E dVN-EF = A Wk, 71EIR, 29 5
g, =R, 77t vl AZP o= H71EQIe) (Table 4). &
= 7FeS 4 sd R Aolsidietl, AE=Ale e WE
718715 L8R 220l B85, BlETIE S, &
M, 7HHF7E oS- =2 02 BrRE o, HalAlead
< 2R, 22, F2Fol, =o5, Y7IEA, e
o, Az, 7S, 212l AleaAle e vlE
S, R, 7R 7R APZE 22 e =5 e
= H71E]lY) (Table 4). nA|Rte® v wjES A R
(Table 2)o] W2 F57]-27 55 AFE B7k= A=A
339 A 7121 B8, 7L ue- AP o' g7t
o HaluAlead> 7, e8f, =, 71, 19
A A=Al 270t 7RA7E - AZP o= oSE
Qict (Table 4).

Table 4. Final scores of bird strike risk assessment in Gimpo, Gimhae and Jeju Airport assessed by multi matrix model:
extreme (A A ), very high (4), high (A), moderate (Q), low (v), very low (w).

Gimpo Gimhae Jeju

Species Severity Probability Risk Probability Risk Probability Risk
GH AA o A A AA o A
HR A A A A A o A
GE AA A AA o A v AN
DU AA A A A AA o A
Ccv AA o A o A v A
CK v A v A v o v
SB AA A AA A AA A AA
NP A v o A A o o
GU o v v v v o v
DV A A A A A A A
SK \ A \ A \ A \
WS A v o A A o A
BU o v v v v o v
TS o A V4 A o A o
CR A A VAN A A A AN
EM AA A AA A AA A AA
BS v A v A v A v
RP A o A A A o A

Note: GH — Grey Heron (Ardea cinerea), HR — Heronries, GE — Geese, DU — Ducks, CV - Cinereous Vulture (Aegypius monachus),
CK - Common Kestrel (Falco tinnunculus), SB — Shorebirds, NP — Northern Lapwing (Vanellus vanellus), GU - Gulls, DV
- Dove, SK - Skylark (Alauda arvensis), WS - White-cheeked Starling (Sturnus cineraceus), BU - Buntings, TS - Tree
Sparrow (Passer montanus), CR - Crows , EM - Eurasian Magpie (Pica pica), BS — Barn Swallow (Hirundo rustica), RP
- Ring-necked Pheasant (Phasianus colchicus), NBD - Score of BirdDays.



SEEHAENSLIIA 33(6) 2019 FIAL - WA - B - HAF - 0)55 - {93 632
3. ©i U CkS HHEA W Hlm AFEAE T, 1,5-0.893, P<0.001). 5 127 7he] o 73}
_ £ 1% 9 SRATN 2 Aol YA, A2
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Al selA B st ofe] RIS B HETAE D (residual > 0.2), UlR] 8% (AH], ZokE), 24, W, 7K,
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Figure 3. Comparison of single matrix and multi matrix in Gimpo (a), Gimhae (b) and Jeju (c) Airports (opened circle
- <2 residual distance, closed circle - >2 residual distance). The solid line and dashed line in (a-c) indicate
regression line and 95% confidence intervals, respectively. The frequency of difference between single and
multi matrix in three airports (solid line - Jeju, Dashed line - Gimpo, and Double dashed line - Gimhae)
(d). GH - Grey Heron (Ardea cinerea), HR - Heronries, GE - Geese, DU - Ducks, CV - Cinereous Vulture
(Aegypius monachus), CK - Common Kestrel (Falco tinnunculus), SB - Shorebirds, NP - Northern Lapwing
(Vandllus vanellus), GU - Gulls, DV - Dove, SK - Skylark (Alauda arvensis), WS - White-cheeked Starling
(Sturnus cineraceus), BU - Buntings, TS- Tree Sparrow (Passer montanus), CR - Crows, EM - Eurasian
Magpie (Pica pica), BS - Barn Swallow (Hirundo rustica), RP - Ring-necked Pheasant (Phasianus colchicus).
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Table 5. Comparison of difference in each airport between
single and multi matrix models

Airports AIC AAIC AIC weight
Gimpo -55.91 0 0.47
Gimhae -55.67 0.25 0.41
Jeju -53.27 2.65 0.12
g
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