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A Study on the Spatial Information and Location Environment of Dead Coniferous Tree
in Subalpine Zone in Jirisan National Park™
-Focus on Korean Fir(Abies koreana) in Banyabong, Y eongsinbong, Cheonwangbong-
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ABSTRACT

This study aimed to analyze the rate of increase and spread patterns of dead trees of the conifer (Abieskoreana
and others) in subalpine zones by using the high-resolution aerial images in Jirisan National Park around 10

2
3

4

5

a
*

A4 20199 7€ 10, =4 (12E 2020 19 149), AAEA 2020 249 49
Received 10 July 2019; Revised (1st: 14 January 2020); Accepted 4 February 2020
YT HATLY A% Korea National Park Research Institute, Dangu-ro 171, Wonju-si, Gangwon-do, Korea (parkhc@knps.or.kr)
Aot} s34 73 Samah Aerial Survey CO., LTD, Unitrchvill 1024, Ilsan-ro 142, Ilsandong-Gu, Goyang-si, Gyeonggi-do,
Korea(gsmoon@samah.com)
3L ALY 34 Korea National Park Research Institute, Dangu-ro 171, Wonju-si, Gangwon-do, Korea(bio2how@knps.or.kr)
¥ AL QORI UAR A T4 Odaesan National Park Office, Odaesan-ro 2, Jinbu-myeon, Pyeongchang-gun, Gangwon-do, Korea
LAY A9 Korea National Park Research Institute, Dangu-ro 171, Wonju-si, Gangwon-do, Korea (nayeon3(@knps.or.kr)
o] =R AETUTE FHETUATHY] T 71THst A mUER, ARgRlol olste] 3] glS.
WAIAA} Corresponding author: parkhc@knps.or.kr



A= ol e AAPHA PR A= 3 AR

o

S| 43

years ago. Furthermore, factors affecting the death of conifer were identified by analyzing the altitude,

topographical information, solar radiation, and moisture environment of the site where the dead trees are

located. The number of dead trees per unit area increased by two to five times in the Banyabong peak,

Yeongsinbong peak, and Cheonwangbong peak in Jirisan National Park over the past decade. The increase was

about 2 times in the Banyabong peak, about 3.9 times in the Yeongsinbong peak, and about 5.2 times in the

Cheonwangbong peak, indicating the most notable increase in the Cheonwangbong peak. It is estimated that

dead trees commonly occurred in the environments where the soil moisture content was low due to the high

slope, amount of evaporation was high due to strong solar radiation as the location faced south, and the soil was

dry due to strong solar radiation and short rain retention time. In other words, dead conifer trees in subalpine

zones were concentrated in dry location environments, and the tendency was the same more than ten years ago.
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Table 1. Status of taking a aerial image and usage each arca

Yeongsinbong

B ol ARSRE FF P AoRFI(F)olA 2008 5

<, 2012 119, 2017¢ 79, 2018 9¥of 24 &fst
oxg dgagitolm, o] AME Fhilgl= Ultracam
Eagle Mark2’, ‘Ultacam XP> ©|tiTable 1). 37l X9 =&
20084, 20124 9G4RS 71202 I golgE $EIge
o, Hopg-> 20174, Faleat A 20189 5=
HARE AR TR BOTEE 200898
25em, 2012:2017-2018 WL 10ecmZO&, 4250] AAka}
ejE Bl 2 - Uels PRI A Tio] FFsat 4

Zoltk.

Taking photograph

Usage status

Pixel Resolution

Camera System

Year Month Banyabong Yeongsinbong Cheonwangbong

2008 May 25cm Ultacam XP Using Using Using

2012 November 10cm Using Using Using
Ultracam Eagle .

2017 July 10cm Mark2 Using - -

2018 September 10cm - Using Using
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<Editing database window>
(on CAD)

<3D view window>
(on DPSMaster)

Figure 2. Deciphering aerial image and window screen
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Table 2. Examples of aerial image of dead or living type

Examples of aerial image Type

Standing
dead tree
(old)

Standing
dead tree
(lately)

Living tree

Fallen
dead tree
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Table 3. Status of dead tree of Banyabong peak in Jirisan National Park

unit: number of dead tree in 1k

Division Prior to 2008 2009 to 2012 2013 to 2017
Standing dead tree 2,350 621 1,287
Fallen dead tree 1,001 421 1,043
Total 3,351 1,042 2,330
Division 2008(Accumulated) 2012(Accumulated) 2017(Accumulated)
Standing dead tree 2,350 2,971 4,258
Fallen dead tree 1,001 1,422 2,465
Total 3,351 4,393 6,723
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Table 4. Status of dead tree of Yeongsinbong peak in Jirisan National Park

unit: number of dead tree in 2.47ki

Division Prior to 2008 2009 to 2012 2013 to 2018
Standing dead tree 1,007 239 3,967
Fallen dead tree 763 570 366
Total 1,770 809 4,333
Division 2008(Accumulated) 2012(Accumulated) 2018(Accumulated)
Standing dead tree 1,007 1,246 5,213
Fallen dead tree 763 1,333 1,699
Total 1,770 2,579 6,912

Table 5. Status of dead tree of Cheonwangbong peak in Jirisan National Park

unit: number of dead tree in 2.47ki

Division Prior to 2008 2009 to 2012 2013 to 2018
Standing dead tree 1,485 92 9,504
Fallen dead tree 1,167 982 556
Total 2,652 1,074 10,060
Division 2008(Accumulated) 2012(Accumulated) 2018(Accumulated)
Standing dead tree 1,485 1,577 11,081
Fallen dead tree 1,167 2,149 2,705
Total 2,652 3,726 13,786
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Table 6. Descriptive statistics of elevation each area
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Unit: meter
Area Year Mean Standard deviation Standard error
2008 1610.49 53.945 0.841
Banyabong
2017 1611.07 53.019 0.648
) 2008 1467.23 80.977 1.925
Yeongsinbong

2018 1476.90 88.362 1.063
2008 1656.96 113.143 2.199

Cheonwangbong
2018 1656.48 101.257 0.862
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Table 7. Descriptive statistics of aspect each area

Unit: degree

Area Year Mean Standard deviation Standard error
2008 NE180.38 NEg3.827 NE1.307
Banyabong
2017 NE184.18 NE83.636 NE1.022
) 2008 NE196.79 NE61.699 NE1.467
Yeongsinbong
2018 NE198.18 NE70.898 NE0.853
2008 NE194.50 NE93.719 NE1.821
Cheonwangbong
2018 NE180.23 NE90.730 NEO0.773
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7kt Aoz 2RI(1.58%p) etk 32| HiF 255 o}
355 HjkRE S 08 JARgO] JFRAEEL 9l om, He)
0] 749 HliE & HAEAE TARge] thyr skl
Y= AoFE etk

Table 8. Descriptive statistics of slope each area

Hrobs- A IARRo]l QAo A9 YA Bt
6215.66wh/m* (FFH2} 348.087)% VERITE 6,200wh/m?
oA} 6,600wh/m” TRk 7tol| FE B35} 0 (49.0%),
E3] 6,200wh/m? oA 6,400wh/m?* 0]t 37K28.63%)0]
A 7P A YERTE 109 291 2008 A3} v sk 6,000
wh/m* oV 6200wh/m® wlgt F710] vlgo] Ao Z7}
(L.11%p)et A o= SRRIE|GIrt Fals U aLrkEo] 9]A]5t
L A 9] UARS i 6090.74wh/m? (EEHEA} 508.898)
2 YePgTE 5,800wh/m* o4 6,800wh/m* vk 7t
=2 By3l9 on(73.27%), £3] 6,000wh/m? o4 6,200
wh/m?* o4F 37H18.14%)3} 6,600wh/m> ©1AF 6,800
wh/m? vPE F7K18.01%)014 53] &7 LeRth 104
el 2008}t v|wWEPH 6,600wh/m? ©JA} 6,800wh/m?
olqk 17ke] vlgo] 7P 2 £07 F7H5.52%p)et Ao
RIEo], Bl YAlFo] H2 FLoA|S] TAME S7HAI7E U
ERT M U JARSo] JRsk= A9 AR Bt
5829.66wh/m” (FFH2} 451.184) = VERITE 5,800wh/m?
o} 6,200wh/m” vk FL7o]| FE B} 0m(39.21%),
E3] 5,800wh/m? oA 6,000wh/m?* Tk 37K20.64%)0]
A B3] A YERTE 109 H91 2008 A3} vk 6,200

Unit: degree

Area Year Mean Standard deviation Standard error
2008 28.35 6.83 0.106
Banyabong

2017 28.05 7.051 0.086
. 2008 30.22 9.95 0.237

Yeongsinbong
2018 27.93 10.489 0.126
2008 35.11 7.183 0.14

Cheonwangbong
2018 34.63 7.309 0.062
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wh/m* o1 6,400wh/m? WlFF F7K1.51%p)T} 6,400
wh/m* oV 6,600wh/m* 1|k F7H1.41%p)2] Hl&o] 4
Zog ZIK AR FRIElo], uad U] B FA
o IAE Z7WIZE el 329 BE AXEF 6,000
wh/m® Welo] PRI AMEo] HFRESL Y9,
HIOHEO] A9 uliA £ AN TN TAEo] The
B Gz SL0R UeRdek A 100] W2k Ak SAb
2o Bxafeos 2 Hal= QAL AvkE oz 6,000
wh/m? oo e AN 27N AE ZTI8I= HFS

Bt

5) X[E&&XIE
Hlokg A JARRO] fIX|5h= Ao AR@G5EAlT= B
7+ 21.45(FZH2} 50.965) % L}E}wu} 0 o4 10 ]yt :,L7P
oﬂ F8 B39 01(69.95%), £3] 0 o4k 5 m|gk 17ke]
H150] 47.61%% =7 Uit 10Ld 7491 2008 tjR] 2k
H BlEE & £ Hal) giglch Faks A AARgo] f14]
Sl XA 0] A|FLGAGE Het 77.51(F2HA} 723.893)F
uebdth v b :-EH] S ®d 0 o4k 10 w]gk 77¢
of F& Rdk= A & 5 %23%(78.55%), 53] 0 o1}
5 gk A27ke] HlE8o] 62.35%%2 = YERGTE 10 Al
2008 dju] 71 BlLe 2 Eo| Wyl iy Mo

Table 9. Descriptive statistics of solar radiation each area

291 A0 S1AISH=

\__

A AFFEAITE Hat 42.52
(EEAA} 393.23)& YERTE 0 o4 10 v]gk igtef 22
HEE9.00(67.40%), B3] 0 oA} 5 uluk L7k ulgo)
48.99%= w7 HERGTE 101 %191 2008 ojw] 1wl
< & Fo Hepr} g3l 349 K AF5EAS 10 vk
T A JAREC] MFEAELkL Q1o H, 6‘] 5 mjuke] T
Tl FEsRA Yepgth AgGaAg7t W2 3t &, A%
EQJAe] TAMgo] [FEL gl A0R wekErt W &
Z9ap7} AR o A Ueht B 7 sl A] 2o} ha
Sttt

3. SAEM Ant

i

= o] A A A A AR UsHA] ok
A0 2 YER}P=0.000), Games-Howell B0 25t 8214
ARANE 2RIsII. Fals A9 sidare(p=0.000), 7
AFE(p=0.000), LAEKp=0.000) 0] 4] 2008@} 20184
O] JAkmo] At QX2 Y] 204 210](95% Al
p<0.05)Z &0l &+ 2= 9Joit}. 104l Hof| Hlg| ol& =2 st
0o} ZhikE AL el YARFO] ER Aol dLAREO]
S7Pa= AR SIS 4= = Aifolt). Heks A9
ZAAHE(p=0.019) &0 A 2008%)-} 2018

AFEEH(p=0.000),
o] Jx|gg ol fo)2 x}0](95% A4, p<0.05)7F =

Unit: wh/m2
Area Year Mean Standard deviation Standard error
2008 6203.38 349.462 5.448
Banyabong

2017 6215.66 348.087 4.255

. 2008 6007.16 486.863 11.572

Yeongsinbong

2018 6090.74 508.898 6.121

2008 5812.46 432.844 8.472

Cheonwangbong
2018 5829.66 451.184 3.843
Table 10. Descriptive statistics of TWI each area
Unit: Unitless
Area Year Mean Standard deviation Standard error
2008 22.11 53.154 0.829
Banyabong

2017 21.45 50.965 0.623

. 2008 111.36 1057.068 25.992

Yeongsinbong

2018 77.51 723.893 9.086

2008 50.63 323.31 6.609

Cheonwangbong

2018 42.52 393.23 3.542
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A TAE0] Z71eI5e-S AR BRIE 4 gl Aulolck, yhl
Hlop Alelo] TS BE 0] xRl S0l 3
ol7} glol, 1k 101 7 $A1Et 2ol TAkEAo] i)
Ao Uehieh
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TARR 5 o) A4t F2 AL 9l Ro®
el AT wokR, ALY, A Hpume
1,500~1,600m Uj2JoflA] IIARE0] S5 Birsial ¢lom, A
e Ao BE FUTEY IAE HEulgo] 7
Uehdeh Q4IRS oF 100] | el uls) AREo] SN
Age] s Bk skt 20w UeRton], AR
F& GOl A0 SIEgIch ARIRRS Wl F2 1AL
o] Bamsts Zo= Ueetel, Agulge] ulid mes i
ERL} ChIRE ApIgi] IAMEo] RS Gl A0R Het
ok S oF 100] W Aol H]3) AR $1X|e Ao
Abigy Harh dskt Ao Uehton], EAMoRE §of
o Aoz SRIElch AL 2535 F7lo] 2 Hars}
om, ula ZAE ARk Aol TAEo] FFHOR F

7R Ao watEch JAlsat WSS A oF 1009 @
Zof| mlsf Aol fIXIEH A1
Ueptom, = 2|9 BE SAH R [ORt It Q= Ao
2 SRIE|eh UARES 5,800~6,200wh/m* 7ol F2
Basigion] 7] div] 6,000wh/m” o2 =& YAk
oA JAMEO] A S7ISE A 0R SRIEQITE AlRAY
Uz glolelAlE] Y=2]&(https:/krede kier.re.kr)ol| F7HE 2}
220119 710 w2, JAHEAQ] 71520 A it YARF
2 4,140wh/m* (B 71% A 7,880wh/m?) 0= e}
U SA SR AR EEA O] AR =2 HoE itk
ot ol & Atella] A48 YARES GIS A4S 53t
FAAR ASA|Q1 Z1F2] YA ojn] EHAIAdo] glom, 11
At B4 AR, A5 Sl oJgt FFeR HAE YAk
AA| mdoks B AS 4= Q0B V| ZAREA] T
Sh= Zlo] Efgd Aoz woEch Al oF 100] | o
vl LAREo] QIR A UAkF Havt wslst Aow
Uelgon, gAFoRE JoJgt Zog SRI=QIeh A5
A= XS S Qulehs 0~10 oA AR F
7F AEEE AS T S dslen, Al A BE 11A
tH] JApEO] ffR]eh 2] APGaAle] Hsk= 2kl &
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Table 11. Results of one way ANOV A analysis each location environment factor

95% Confidence
Mean Interval

Division Past Recent Difference Std. Error Sig. Lower Upper
Bound Bound
Banyabong in 2008 Banyabong in 2017 0.586 1.062 0.994 -2.44 3.61
Elevation  Yeongsinbong in 2008  Yeongsinbong in 2018 9.665* 2.199 0.000 3.39 15.93
Cheonwangbong in 2008 Cheonwangbong in 2018 -0.487 2.362 1.000 -7.22 6.25
Banyabong in 2008 Banyabong in 2017 3.807 1.659 0.196 -0.92 8.54
Aspect Yeongsinbong in 2008  Yeongsinbong in 2018 1.390 1.696 0.964 -3.45 6.23
Cheonwangbong in 2008 Cheonwangbong in 2018  -14.269* 1.978 0.000 -19.91 -8.63
Banyabong in 2008 Banyabong in 2017 -0.304 0.137 0.230 -0.69 0.09
Slope Yeongsinbong in 2008  Yeongsinbong in 2018 -2.286* 0.268 0.000 -3.05 -1.52
Cheonwangbong in 2008 Cheonwangbong in 2018 -0.484* 0.153 0.019 -0.92 -0.05
Banyabong in 2008 Banyabong in 2017 12.283 6.913 0.481 -7.42 31.99
Rasd‘i’;‘i‘iron Yeongsinbong in 2008  Yeongsinbong in 2018 83.582*  13.091 0.000 4625 12091
Cheonwangbong in 2008 Cheonwangbong in 2018 17.205 9.303 0.434 -9.32 43.73
Topographic Banyabong in 2008 Banyabong in 2017 -0.661 1.037 0.988 -3.62 2.29
Wetness  Yeongsinbong in 2008  Yeongsinbong in 2018 -33.855 27.534 0.822 -112.39 44.68
Index Cheonwangbong in 2008 Cheonwangbong in 2018 -8.109 7.499 0.889  -29.49 13.27

*p<0.05
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ojef L2 Aie £ AR EYGERREe] Wil
(Western et al., 1999; Wilson and Gallant, 2000; Lee et
al., 2006), ‘Fafol fJAJslo] =2 UrFO R FHbilefo] H
2% 37(Isard, 1986; (Bennie et al., 2008; Burnett et al.,
2008), ool Haf eyl oJt 7kt YAF W 7Re-2] AlFA]
7ro] ghop Eofo] 1% A 07 TR YA Ak
o] F& FEIEsh= ACE wHHE) &, 71X YA ollA
T & ol M A FFEAL e AR
e, 100] | A} Hwsie FUgt Agke] ofojx|aL ¢l
= A o= ok ofefgh ik EYIESP) ofatkldy 4t
Aol plAl= Aed] EwtE @/d(Park and Seo, 1999;
Koo et al., 2001; Kong, 2002; Lim €t al., 2006)S S1k2]
T 4 Sl xR Amrt E 4 olen, A AA Z=elA
HIE Q= 7|9 s}o]| e EAEY AR Thofeh At
Zho] A5 W Akl QItk= A A7H(Allen and Breshears,
2007; Fensham et al., 2009; Allen et al., 2010; Frelich
and Reich, 2010; Anderegg et al., 2016)Q} Z3}=Ich

ok, 2 Bl Aehaao] Bkt e A
o] Fak nRIchs =W A-23HAhn et al., 2019)7} H3ts
v} QIck o] QhA] 7|&sth B oAt Axjel tix|E it ofy
o}, SR U IARIRES THe, oIl ofgh R
£9 43t 7|£29"4Kang, 1984; Kim, 1994; Koo et al.,
2001; Song et al., 2016; Kim et al., 2017)}= AMb=ch
bk R & X1 1 PHED EAPgol| sl ofwgt Alo]
7h QA HES "art glom, ofd gQlow ARk Auprt
EEEQ=Ao tigh o]24] HEZ} ofAoF & Zolrh

T AR ofarakl =R atAlel] tigh =
T2 o] 2t Sof BHIUHE, TREHIUE, 5 o' o]
OfR|aL QI ofof| W 31| 9 ¢ |olAl= ofE A
oigh A4 9 ASATE], ARRL el Aejndly 5 oA
Al 9 AFE skl Qiok mlfjoll= S2jutet ofatkt
o A=l gt AeiA AR ) B Eeks fIet
=74 ] 9 kel AdE 208 Holw, 2 oo}
2E AT} A7t TRt Rolel] A-8Eo], s woF ke
9t deEe] 2 4 & 2o R iRt 53, & A9
e dolA A AR Wl vlsl ARdE 9
H- 884, QPAAAIER] 5 AR 88485 o= |
T 7HAgkoH, Algto] HIs7] ofete- HRpIAIH, S7AIA]
of gt X]9Q] AR BRI el T BEE HiRE
ks dofd 4= Uit 2 Al 43} ARdE el Huk] gy
29 9 s} 71e0] o) wet ede FEdidol
g3k glom, GIS 7|59ke] F7 A HO| 87} 120}A]
I lo] oA gt HHAS] FMYEALS ARG AL

a4

ok s ] il o AR AdTiE L

2 o} thEale] RS WA ok glon, FTRL 42l
st el A0 SANEE 715 5 2 7] ol
gol WSk Q= Agole). B4 QS At AE
2 QAlstsle] THESHS WALS ARSI Q7] uhel, A
BESA A 2 5 A Sl2wrt SobA w3y
WERY] M2 Fhe BEARkEe] 71k 9 BEARe] &
7h ol Blole] B G W 4= 9k Fsel gk
o]% JATSI] $lat fake] Wko R Held(Deep Leaming)
F A A 1S BEI G el A
82 59 golel 44 mEA 9 ARAES AT Bast ol
ok ARl A st UL QBARSS B9 AR A
o AP HET 4 9l 7o) asich ICT Hofol
A QBRI 142 HE chokt GRS 7]4o] e
glom], BApAe] 7|4t sl 8 BeatchA A K
3 71 WEHE. Uobh 194 TAMRENL ofjet 4195
of the BRI A St 4 glofofsi, obaviicy
b2 gmsta gl ot AAE o taze
diet g7Ps 421 AAR ANk & Aol
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