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ABSTRACT

Residential development and agriculture makes to deterioration of forest ecosystem and decrease
of habitates that bring about species diversity of creatures. It is important that quantitative analysis
of forest vertical structure for forest management for biodiversity. On this paper, we study effect of
disturbance from people to forest structure using LiDAR data. The forest near the agricultural area
show high forest structure diversity and the forest near the residential area is effected by disturbance
from edge to inner forest until about 60m. It offers various habitats to diversity of horizon structure
and the forest near the agricultural area show high diversity because of stability of forest structure.
Because the forest near the residential area is managed from people by periods. So, the forest is
needed that management for increasing of forest structure how introduction of low layers vegetations.

Key words : forest ecosystem, disturbance from people, single tree, tree density, DBH,
width of crown
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2005). 53] ©A] AR Q18 SA st B2 © A 22| HAE opy|ste] F TS A AR
o} opeket A2 H ol A Zh Ao dhe AR S Hrkslr] Yall uAl 2ADAA A - A 24

A et Bk 2HE e AR R A8 A97F S7kekaL sivHMichel et al., 2008).

ko] AHL AEAlol] mX]= IS Brtehe 71E At AFRAF 9 2319e] 39 dolHE

ol-gato] A7) wliTel YAAQ e 5L wkdshy] ojeisith ey AJEAl olsle

et A e Ao FHAQ] AAER ofy gt AP AR o] FIE o] FofR = FHAQ FERE X

He uf 7hssiti(o], 2003). A TR A, 7], WIS 2 TS AR FAH LSS B

vz} A ekslS oln|abn, Light Detection and Ranging(LiDAR) Blo]ElE 9&-o] 3 7], 3124
]

o

A, AER 5 ofe PRoq wAEThe AEA 54 o s ) - el +1, F2 A
A, A, AAF 5 ek 49 p2e BaE Al 298w Ik T2 2 AAs 2

1. LIDAR A[AHIQ| 7HH

LiDAR(Light Detection And Ranging) tI°lEl= S% $1497d7== 32k A8 F3tol g B &
stal Wert 2 JEE AFdHE T 2006). FF710l Hole ARE FAste] SdFete WH e
2, LADAR(LAser Detection and Ranging)2kail: 2K+ &, 2003).

LiDAR *]2~~El-2 GPS(Global Positioning System), IMU(Inertial Measuring Unit) 2 @lo]#] ~jU =
T/dElo] Qlom, HolEle] Aelet | 9 H AA #ES A tloly AuA|, A7 ET &
GPS, ZI4A1E B HolE] A& flg £z ES o, 3PAA] 9 3R ARE S B AH| = H|Y
U tAE A7 AREE 7= @ele] 5, 2003)(Fig. 1). GPSE AIM Q] $1], INSE AlA 2] A4A,
Laser= AlA 9} 2|2 Te] A-lE S435te] AW e st 32H4 x, y, 23125 245,
ditA o2 FAMSE 16em, TR SE 30eme] e ALEE T (H < X, 2005), S ot
NEAQ JAFEE A& F 7] WFol & Hzt5akoly 7]strAghe] 8§l

LIDAR Hl°lEl= &37]°l GPS<}F IMU H] & 2fste] vldshiA S4ste 33 HlolA SH2
2 glo|A HAE A x| FARt WALE 2 S 57k =3 AlF ARE SHete] S84 AR

1) 71883 (geometric correction) : YABAF G2 AFH oz Wi & 9| 7AQ] 7]8t2+5 7FA L ok Y F718t 4=
AARAL A2 AR Y A AR, S TE 54 93 B sy, RIE AT AFoE ke, A (534,

O I
5
A%, 937) sl s A D,
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Fig. 1. LIDAR system components.
(A9 %, 2005) Fig. 2. LiDAR data measurement. (Blair et al., 1999)

FElY] A& Sste] A|EH e AP HE FZSHHAndrew et al., 2002). LIDARE E4¢] £44
540 W Eoloh WAt A=) tlolEE | AlFdTHE 5, 2003).
g A AAE FGs] A A vlgidse] FHEH, S 2 IARIT FA
© 29 F 5‘3 5, —513'~7]9] nEob W SR Fol ofal A% Erk(John, 2006)(Fig. 2). ©]
o], thFst 4 o] A J**«l A o] Aot A Hm, 2 Hell Al
g, glolA ZZ*Oﬂ*H WA S o] ®o), Ag A elagelAe] dHdeat & B
%2 gksk LiDAR Hlo]Ele] %3 < 93l o 7},] BA QLo I aslthVaughn et al., 1996).
Theat 22 LIDAR AlzHlo] 5o lste] Ex] fFrle] 54 Aol 7hssith (1) Whabge]
€ttt efete] FL AFAd dal 7 ) ol e EngRE g5+
. (2) e 2719 footprint® o[BS S5 4= glom, Z7]d] we} g5 7}

i)

X2,
o

344
Ry
o
i
Ei‘l
m r; HU
Mmoot ke N o
JHU oG

Jl

UTHZ 5, 2006) =
gk A Ko Zpo] 7} whAet}, AU =7 =& small-footprints= =7 ©$7F 27 5~30cmeo|™, WA H]
e =& gpgo s =7(1,000~10,000Hz) gt At o2 FU =7} Y-e large-footprints =7
@e7F 27 10~25mefr, Ho Y2 WA tig)] Hlole 3]e] 7FesitkFig. 3). (3) HolH &=
Al &= 3 e Sl = E=rHRalph, 2002).

2 FEe 3ak FJEE F36HaL 9l LIDAR HolH e Ao Qlato] 2+F Aqt e 9 &=
2A18, 4% 24, A 24, i 2 SRS 24, 4R, 7HEd 2dE, Ak

A AE 5 - ket Zoklld 28H 1 SITHH, 2003).

e AR A2, AY, BA, F2AA Aold] e vl e, oleld BE 8423

2) WA} A Gntensity): WAPIO) WALslo] 2ol £ Aol A AE o) WA ol A A W& il duk
OE WAHIE THE WAEE /A0 WA wet O gE o] Aol et A4Ee 78 #93 A8 32
% U2 LDAR S04 A2 299 tise o137 WA BEE ST, OAE 0|8 AHES £HE
FHem AxBe AARTY A4 TAES PTG 5, 206).
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Fig. 3. Points density according to footprint size.

(Left: low points density, Right: hight points density)
(Amy et al., 2006)

Fdst] shtel At AAo] FdE Tt wheba o iAol EeEeta ¢l
of 71 YA9] SRS Ao Fetd & ST, 2006).

A FEReE R A, A S (vertical layering), FEL] EAZ E/‘*i}ﬂtﬂ(Lang et al,
2006), ¥ =3 YA A wet o] AEwEte s FAE v 2 duAY] 5F
7)o} EXZre] B4 9 olyx|e] 55, AuHAY AE It F5 H}OlouH* el fHo
w2 32k E¥ol kS v XcKKimes et al., 2006)(Fig. 4). ZFY EF7F2] A= 2E0] A4
she Ao 22 Fejet Abglo]l HHE BAZE AUTHE, 1999).

U7kl of gk st stel 3}, EAJo]-&3} Q1914 wehe] ofste] 24 o]FA o] ey, o] 2 ¢l
gl 724 thefo] WA Tth AAo e T TS s A4 8 U, 2FE 2T
o FA A F FHEE S vA]7] UH-‘?—OH T O e 5 e 71E WEE Q1A E o
SETHScott et al., 2004). WA AEA ThFF & BES] Sl = MAT 2 T 49 o () O
23T AATE < (AR BT oy (B E‘r° 3T B 0 (A1) TR o2 i E XV B2
o} 22 FRra s FEolA e AT ol ARk A 9 Beldte Zlo] FolEY &
23FcH(Naveh, 1994)(Fig. 5).

U - 9o Ak 2lge] g&A0] Fa] I HAL 93 Ak Aol 122 vlolsly] 95k
A A Bl A eI AETTY 725 A S 4 &2 *6}7%% 712 22k "ol & ©]
§3to], B AL ARA ] BStE EAsks & v HS AREsa ATk, 1999;
5, 2004; Seto et al., 2004).
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Fig. 4. 3D nature region unit.
(T1,2,3: horizontal elements, HSK1,2,3; vertical elements) (©] 5, 2005914 A 21-&)
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Fig. 5. Diversity. (& %, 2002)

7 5(2002)2 WEATE A sl SHAEE £ T 2L 71531 clinometerg o] 831 F1E
St on, o] & #atste] 2 F2(FHP; Foliage Height Profile)E w413ttt W&+ WellA &
3 A7 10cm o]/ HiES e R Fa A S S5 en, 54 vlo]E = sem PO 2 E
of AATFUR TR} FHIYE ol2ld @Y ZAE FhlA] BAH OB ALHE AYTE
22 ok uh S004) AR S B Slatel FAA RN AR A 25
slo] APEFEZ ZAJ5kal, McGarigal and Marks(1995)7F A|¢kel 27], W, 71dA1E], e, 34
7o Foll #dE BRAFTE EIE FRAGSTATS 33% ARgslo] BAsllen, AEA S AMS:
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B

gto] ] BAAFE Ao TEIAR b - S48 A4 R 724 ddS F o golsH
a2 at3ATh Roger and Richard(1979)« Central Washington Cascades®] 74 =ol] wh& Al =l 2] ¢

AUFEE ez e 1, T FHE TR, growth-form B34, AMAA & =8 o]
S stk & 231709 B AZ plotsoz A sl AFRALE et 2 2AF A
Aed (AL, AL AFA A, e Ssision, AdAddd dFe nAe Fe dAr B
KACR 134'6}04 EFRA(EY 47] B4, pH)E ST A H ipisE g0, FE,
EY pH, ES 7714 3k, AL 5 UE, 5 7AW (basal area), FrE UE, 4E SHAEE A
8kal MINFO 229 o]8e ZAstsith gt 4 & Ty Wrte daat 22 A 9

2 $=38i3Arh. Shannon diversity S o3l o ThdS %7113, Whittaker(1965)2] 54S ©] 4]
B dFd= Bkttt v B9 Shannon RS ©]-8-sko] growth-form el FEE A&

&

i
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FAT B9 &5 Ao zjold whal Hrlkslgith Aalxel Z1) theksl 373 Q1Ak
A3 A BrIITRE Aol <ot itk & S(2000) e 1ze] FaFg
ZpolAe] T ¥gts AATYE A S(diversity index), ZHEAL(FD), U912 met A 4x(human
disturbance index)= o] 85to] HPA oz BAzy weko] ALATY] T2} o] DA T ThFAo)
oA gt JgS XA geteisich

H
30,
fr
o
r o)
b

3. LIDAR A|AEIZ o8¢t MRle 1 ZAM Ahd o4

LIDAR Al2=8le] S5 54 3 shube dlolA7h ee] $352 Sdsle] 1 okl g &g
SFomm AFHe] FHE AN vk Zlolth A& AFHA WhAtE o] o= #o|AuE
Z1=5to g2 A &0 wol9} A FHe A3 1= = = A Hri(Jason, 2002)(Fig. 6).
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Fig. 6. Principal of LIDAR measurement. (Jason et al., 2002)
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Small-footprint LIDAR Tle|H & o]&ato] & dia} 22 $2424 F2E vefste 20| 715t
(Maltamo et al., 2005). we}r] 221 GoFo] AlFste Fke] A X oo Ao Exgt
22 FAo gt HRE AlFTFozM 1§ 7FX7} ZolH 5, 2006) < LiIDAR 71H& ©] &
A AEA 548 S48 E wEA Srlska k.

% o

A @ AE e Hofol 4] LIDAR Hlo]Ele] &&-& oe] ¥ F1, F7|o Uy FHEY g
24w 5 o] -3k A malguiat o eKSorin et al,, 2002) AFALE E3F A& F
ZA} o 1E19} @?ﬂs}o% T FRE] Y o3 é‘.*ﬂE A= 78l = 2 ThGould, 2000)

il

Sy FHEHE, Fud43 e 94
2k} o] 5 o] &5 }04 § AR g A g} 2 31” Q1 AL ol g% AEieA QlAfell thal A
€ A4S o] &3 Rdd 55 ¢ A B4 WS ARele A7 E 2e] AgE 1 AvkE
= 2006).

Pang et al.(2004)< large footprint LIDAR 342 o]-&-3lo] AHd I8 25 ¥4317] Yal
A7, a1, 4] 7t e WUFR ot 3Rl 3 =d(the area under the waveform from
vegetation, AWAV)-2 TH=0] 7]&2] 2] 391 HOME(Height of Median Energy)<} H] w8} tHFig. 7, Fig.
8). Scott et al.(2007) LiDAR Hlo]E]2] zo]o} ukrl Z3=, A o] 7} Sl Landsat ETM 978 271 S
oj&sto] A FE MU, 2R T TAFE TS G} BHE T A O W 2aE
S5kt Maltamo et al.(2005)- HistMod ¢r312]5(Lloyd, 1982)l th/d=]e] 2] A} vloE <} 3D
Fee A&t olF FEY A4S TR vF 720 dES B oA AZe KAk
o] 7ol viste] N-BA|9] BlE 2 WolH, HolHE2] LR/E ¢ T e Wl 5% 4
Aol FEe F3) S L sl 75 Le(FE NAlT/ha) o =552 Lorey's mean height 2]71 29
< o|&sto] HFsteih

Kimes et al.(2006)= NASA<] Laser Vegetation Imaging Sensor(LVIS)E ©]-8-3td Gap X 4
stk 47le] the A== #HJshs tAd 7| ekl Airborne Multi-Angle Imaging spectrometer(Air-
MISR)<} ASTER 9735 &7 o] &3lith LVIS dlol8l= wAlTFE(2]7d 20m footprints)el A At <]

35m
20m
« first pulse
o last pulse
<3m
8m
3m
Om
Fig. 7. Tree shape polygon Tree helght classes

using LIDAR data.
(Blaschke et al., 2004) Fig. 8. Height standard. (Maier et al., 2006)
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Fig. 9. LIDAR points data and trees modeling.
(Left: LIDAR data, Right: 3D image modeling)(Tiede et al., 2005)

+47) 72E v Ao el 49 2 0 B2 GRS dehle a7 daleln 4
ko] A w3k 7 X] 9] A (patchwork) 3 H.e] g5-2 f&) thsA1d 3] J,} AARES Auraigich

o] mdl2- 28 AIrMISR ZtSZH-E] LVISS] LVIS forest energy 43k 222, AirMISR H©|EHE ©]
3 T =ol9 dF HHwT) 7P =0T

MODIS(Moderate Resolution Imaging Spectro-radiometer) G4He] 7% W& 33t ~A Lol A
g, & vE, GUARGF(LAI, SAEAAHNPP)S 22 4k wiwse] £33 shehe

ok Abde] £AA . B P Uldt B S A 2ekx] EStKKimes et al., 2006). kA
ZAL Hlo|E 9} 3 o] gate] Fa WA A, AT, dF FIe} 2 A S fH
< AET F77F 7FsstHNelson et al., 1984; Lefsky et al., 1999; Means et al., 2000)(Fig. 9).
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LIDAR EloHE o] &7k 24 72 #Aj0] i o] FolA 1 3l& ¥(°] 5, 2008) 71| A& A+
S Eoste] dntbAel A 3 :

R e R e Ik o Adeiwfojof st A AejAl that 24t
7PE hestEs FAA - A SHdA A Ao 724 gddE FFH R Frkstast @
O AolA colrt glow, 71| Ael apds E 5 e Aow dddEnh

0!

o,

1712| ¢

AN 4 9] Q19 24 T EA) R AR E FHoR
H, LIDAR HlolElS 2galo] EAlo]§o] mE Agle] 24 722 2
A ¢} 7R 9] EAlolgo] Yehte B7% 2

Foll AH&E Hlo|El= Table 17 Zth

SEATA004)0) JEE HAVNIE, FARAY EA7] opIAE 9 HE opYAEFL

0
lo rm -

A

e o
)

(
]

¢

BETL A Gosh, AT BYS AYE VI BT, A Prvae
FuolA P2, Mg el b Re, o Itk RRe, ol e R, obbau
e, oA Ee e PAEe] Sick, A A olsle] A olAZ, e
B, A, FAA 2 U] G ol §H T Yk SARAE FEE FEAGL A4, of
1Y, A 2o We WAL AXsn Utk SR A%, FuA|, AN, 957, 34w,
cha, b, A9, 524, %ﬂ%‘%‘%, DR % 67} 10%0] AASHE glow SelHgion, PR
3o TP YA Gk A2o) AdIAEER, APHE FO Aste] I7ke] meko] A A
o o] Age] EHEEY xwgza—t— vt 270l A9 159 BEES Tyl (L) o
oo, B, AW, ZU, 7, WuEe guE), Auchre, gue, R, 254, 9,

Table 1. Attributes of LIDAR data

Information Data
Date 2006. 10
Measurement altitude 1,400 m
Footprint 71 KHz
Point density 8 points/m’
Scan frequency 40Hz
Scan angle +18
Velocity 66.9m/s
Overlapping rate 50%

Overlapping width 780m
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Fig. 10. The location of the study area.

A, FHeuE] eEwo], LEwo], WA, A, A, e, A, FA, A, #ae,
oA], 742 F 183} 26%°] Asta ch

A1 ZBA = A ] A = 1170 5 5,7387174(36,093%1) 0l Bl@ =™, & WAL 102.29km’ .
dobr} 43.20km?(42.3%) 2 71 B& FE-S AH st gk AT UK FAd e A g
o TFHJAA T AAAwER A A 2003-2755(2003. 11. 13)ell 2]ste] 7REA| g o] B A (A5
A B A R A A o] BR] Aol H& Fol e FFom, s og A AejA S &
S APHoR ddsle Zo] B A dolth

o H1 12

-y

il

2. Y1o| Hky

LIDAR HlolElE ol §-3te] axs} 54 Qe Aol T2 vlmab] fiskel Aol @l
B, $E S BN, $8e) £ B4, F347 2 37 £9F 242 Sasg A5 2
3 LIDAR BlolE] #4% Bl A4 #40] /bsau, F1 47, BF £8E 5 47 240
ofelg A% AAl ZAE Bol £2E £FU F5AE Aedt] Mo R PRE pPHoE
#H0] ZEsahthA 5, 2007). B AL FARQNAN F1 % FI 47 AEAE v

A3

v

o
=
A ] A A S FE5h7] flske] et m($7 -, 2005)9F G =(AFE A, 1992), LIDAR
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AutoCAD 2006 ZZ138-5 o] g3}3iTh
LiDARS] ¥QIE dHo|E|& IA 7R (Inverse Distance Weight; IDW)3)-2- o]-&-3te] 2m A A}
k1] nDSM(normalized Digital Surface Model)S 4341 o}MJ_ ez o} iﬁ?qoﬂ A3 Ale] T =
2 YAl 7 EAo]go wE FBo £AF2E vlelslgitt. RS Lae|E(Watershed
algorlthm)4 & Agste] 5 MAE BAAoH, *éi‘ FHEo] gm o]l FE
S

gatal, 55 7NA polygon®] T4 EEst] F5 ATE
<
5

o

O

paeen LA Fa e olgalel 409 3T FUES
YA B FPA) QA APE vlws] Aste] 2 AL IO 2444 100x100m 2
719] plotg Aejstol AAS, W, £, FLHY, FRECR DESE AYe] T2 o] E vl

2 3R] A E B4 23 gdA19] 63%7F AR 255, 299 F0lH, 3T%E 3537
1gwe® 0] slen, 84 T2 o 71 It} LiDAR HoJElE ©]83dte] nDSM< A-dst
A A THFig. 11).

400
Malers.

Fig. 11. DSM, DEM, nDSM at the study area.

3) AATFE R (Inverse Distance Weight: IDW): F#¢] 7p7+-& Mo 2 RE Mo 2 AFH 715X S AlL&ate] A)

28 A9 ¢ AYshs B,

D FILT BTNF: H9S ADSAN A2 G2 P2 AFE g3 FHE JIES hrE S0l 34 A9
B8 7ol AAR EeE ADT Gooln), FARTITAZOIRE ol ATL BT (Gray-Seale) 34
oA 289 Jlolek 1a10)-2AY 949 shagkg gol2 4 stel Aot wH0 2 Aadn W gel s w
o WolA S o A2 Lol Wk ol o) 23 o|4e] W AHe R BY FEol & xol wAlo] Hek, ol

QA3 SAS 20} 4 A9S RO AT FIEE DnalZeldy 9HY 5 2
5 DBH: In H = 0.349 + 0.770 In DBH
FHE: CW. = 379 + 0046 DBH

j=)
(=)
D
=



RS ool AP £ F2E B 0, 99 PP WY SFue BT 145G
omn, TR e Aol Fae it 16.3m3Ath Ao QIS Al A Bt e v wA
S BEAEAARY H 1 Fae wA QR A R EA A AT Table 2). ©1x]of Q15 g
AR wAAG AR e Hsiel o gm o) BT 9 olwE, ve w=o 8 A5}
=%, A AR e Al A= "R Q2] 4ol Blste] 8m o] o] we wEe] F W%
7 gk, wAE Agle] 9n Ao Re - Ao R oF omA meE obrlshe Ao
= A EATHFig. 12, 13).
50
Table 2. Analysis of forest at the study area 40
Site  Forest near the Forest near the 53"
Height(m) residential area agricultural area § 20
Average 145 163 10
Max. 22.4 21.3 o
SD. 47 40 Bg olms DZXS)  BS@B)

Height (m)

Fig. 12. Analysis of forest vertical structure.
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Fig. 13. Section analysis of forest structure.
(A: Forest near the residential area, B: Forest near the agricultural area)
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Table 3. Analysis of forest structure

_ Forest near the Forest near the
Site yesidential area agricultural area

Average
Plot 1 Plot 2 Plot 3 Plot 4

Height (m) 12131 149440 16.2+¢44 153436
D.BH. (cm) 164456 214%76 235:80 2214638

Width of crown
(m)
Density

(individual 38 34 38 45
tree/ha)

461026 48+03  4.9+04 48403
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52 1had Ht 36704, s4A Ax g A
Hlwatsl s o gl Q15 ek Ahgl2 135m, &
ATHTable 3).
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Fig. 15. Status of the study area.
(Left: forest near the residential area, Right: forest near the agricultural area)(2008. 12. 17)
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