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ABSTRACT

A grid-based area calculation method was developed using orthoimages of the
temporal and spatial changes of Korean Fir (Abies koreana E. H. Wilson) and
Korean red pine (Pinus densiflora Siebold & Zucc.), evergreen coniferous
species, within the Hallasan National Park in 2006 and 2015 to investigate
changes in crown density. The factors were then classified into abiotic and
biotic factors, and the effects on coniferous forests were measured and classified
in terms of time by expressing the degree of threat and expansion as
exponential values.

As for the distribution and crown density of the Korean fir in Hallasan
National Park, the total area of the coniferous species in 2015 was 626.0 ha,
which declined by 15.2 % or approximately 112.3 ha compared to 738.3 ha in
2006. It showed the widest distribution in the section from 1,510 m to 1,700 m
and 11°~25° of slop range area in 2015. Crown density was decreased in all
density grades.

The total area of the Korean red pine forest in Hallasan National Park was
1,259.9 ha, which increased by 4.1 % or 51.4 ha compared to 1,208.5 ha in 2006.
According to the elevation, it showed the widest distribution in the section from
1,010 m to 1,400 m in 2015 with 1,003.0 ha, 79.6 26 of the total area. In the case
of crown density, high density areas decreased significantly, while the areas of
the medium and small densities increased.

As for the temporal and spatial changes of coniferous trees in Hallasan
National Park, the total area of which the distribution density accounts for more
than 11 % was 1,886 ha in 2015. The small density occupied the highest ratio
with 47.8 % of the total area and the total area of coniferous trees in 2006 was

1,946.7 ha, 60.8 ha increase from that of 2015.

- Xiv -



The spatial change of coniferous trees in Hallasan National Park was analyzed
by collecting and analyzing data from 11 environmental factors; 6 abiotic factors
including temperature, precipitation, typhoon, Vapor pressure deficit, insolation,
soil and 5 biological environmental factors including disease, pest, Jeju Sasa,
wild animals, renewal rate from 2000 to 2015.

The average temperature in the forest area remained fairly steady, but the
amount of precipitation gradually increased. The precipitation in Spring, the first
and second quarters, steadily increased. It is estimated that the four typhoons
that occurred in 2012 deteriorated the growth conditions resulting from strong
winds and soil loss due to concentrated rainfall. The daily average vapor
pressure differential (VPD) of Seongpanak, Jindallaebat, and Witseoreum is 2.61
hPa, suggesting that the sub-alpine region of the mountain is affected by the
marine climate.

In Hallasan National Park, Jeju Sasa is distributed in 146 kif, which is 95 %6
of the total area, 153 k. The distribution of Jeju Sasa in the lower layers of
the coniferous forest of Mt. Hallasan was 95.6 % in 2006 and 96.4 % in 2015,
which indicates that the management of Jeju Sasa seems urgent as its high
density causes root competition and prevents the secondary growth forest.

In order to maintain the forest, it is necessary to generate more seedlings
than dead trees. Although Korean red pines dominate the upper layers of
Yeongsil pine forest, no young pines have been reported.

11 elements, abiotic and biotic environmental factors that affect the area of the
community, have been identified. The degree of threat and expansion was
classified into temporary, short-term, and long-term factors in the temporal
concept with index values allocated and greater significance or weight was
assigned to key elements that influence the degree of Ilikelihood of risk,
expansion or reduction in size. This is because it is subject to error or
controversy to determine a single factor as the cause of the decline and

expansion of the coniferous forest in Mt. Hallasan. When investigating the
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expansion and decline of forests, a numerical method was developed and applied
based on major environmental factors.

In terms of the threat and expansion index range, it was analyzed that the
Korean fir forest is in the short-term threat range while the Korean red pine
forest is in the short-term expansion range.

These expansion or threat index evaluations are expected to be an effective
approach for finding the characteristics of coniferous expansion and threat
factors under the condition that biological factors are monitored along with the

continuous measurement of reliable environmental factor in the target area.
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density in grid.
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Table 1. Criteria of crown density division in Korean fir forest

Crown density

of Korean fir Division Color coding
0~10% Very sparse None
11~40% Sparse Yellow
41 ~70% Moderate Orange
71~100% Dense Red
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(Table 3).

Table 2. Criteria of direction and azimuth range

Direction Azimuth range
Flat No slope
North 0 ~ 225°

Northeast 226 ~ 67.5°
East 676 ~ 1125°

Southeast 1126 ~ 157.5°
South 1576 ~ 2025°

Southwest 202.6 ~ 2475°
West 2476 ~ 292.5°

Northwest 2926 ~ 337.5°
North 3376 ~ 360.0°

Table 3. Criteria of percent and angle range for slope

Percent range Degree range
0 ~ 9% 5°
11 ~ 18% 6 ~ 10°
19 ~ 47% 11 ~ 25°
48 ~ 100% 26 ~ 45°
Over 100% Over 45°
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Figure 3. Distribution area of Korean fir forest in Mt. Hallasan in 2015.
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Figure 4. Distribution area of Korean fir forest in Mt. Hallasan in 2006.
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Table 4. Spatial and temporal changes of Korean fir forest in Mt. Hallasan to

2006, 2015
Area(ha)
c?err:ivtr; 2006 B . haﬁ;? ha) Change ratio(%)
Sparse 334.3 316.2 -18.1 -5.4
Moderate 326.0 253.1 -72.9 -224
Dense 78.0 56.7 -21.3 -27.3
Total 738.3 626.0 -112.3 -15.2
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Figure 5. Changes of Korean fir forest according to elevation in Mt. Hallasan to

2006, 2015.
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Table 5. Comparison of distribution of Korean fir forest to elevation in Mt. Hallasan

1,310 1,410 1510 1610 1,710 1,810 1,910
Elevation(m)  Year ~ ~ ~ ~ ~ ~ ~ Total
1,400 1,500 1600 1,700 1,800 1,900 1,950

2006  0.051 0.701 2878 2437 0979 0.299 0.038 7.383
2015 0.02Z2 0522 2513 2156 0.769 0.240 0.038 6.260

Area(km)

2006 059 1075 43.08 4547 5321 46.00 2714 24.70
2015 025 801 3762 4022 4179 3692 2714 2094

RDR(%)

Ht. Hallasan Area(kni) 870 652 668 536 184 065 014 29.89

3) TAUFH AA R wdE ws
Fehl AR Y2 11°~26° AAE FRbel A o] AAEtaL glom, AAbel upe
107 s i WM3ks 10° ofstelAe Aol 1231ha Foie W
11° o]l Aol M= 2354havt #Had Aoz w4 H vk (Figure 6). 53] 0°~5°
A el WAe] 20061 Erh 109.2ha’t S7ReRRlaL, 11°~25° AA Abe]l g
A2 A& 165.8ha7t 7Hast gl
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Figure 6. Changes of Korean fir forest according to slop in Mt. Hallasan to 2006, 2015.
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Figure 7. Changes of Korean fir forest according to azimuth in Mt. Hallasan to
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Figure 8. Boundary of main areas classified by slope and distribution situation

of Korean fir forest in Mt. Hallasan.
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Figure 9. Changes of the area of Korean fir forest in major regions of Mt.

Hallasan to 2006, 2015.
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Figure 10. Changes of Korean fir forest in the Keundeurewat area of Mt.

Hallasan to 2006, 2015.
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Figure 11. Changes of Korean fir forest in the Jindallaebat area of Mt. Hallasan

to 2006, 2015.
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Figure 12. Changes of Korean fir forest in the Yeongsil area of Mt. Hallasan

to 2006, 2015.
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Figure 13. Changes of Korean fir forest in the Bangaeoreum area of MLt.

Hallasan to 2006, 2015.
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Table 6. Comparison of th annual rings of Korean fir in the major regions of

Mt. Hallasan*

. . Height DBH Annual rings Number of Elevation
Main regions
(m) (em)  Mean Max. Min.  samples (m)
Jindallaebat 4.8 174 93 148 46 46 1,757
Yeongsil 4.4 16.7 80 158 42 19 1,624
Bangaeoreum 3.7 12.5 60 33 37 20 1,712
Keundeurewat 5.0 19.6 16 93 35 15 1,627
Mean 4.4 16.6 82 1,703

*Source: Kim et al., 2020
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Table 7. The growth grads presented in the Korean fir forest of Mt. Hallasan
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Chapter II. &4t 2UF & Al - IS
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Figure 16. Distribution area of Korean red pine forest in Mt. Hallasan in 2006.

Table 8. Spatial and temporal changes of Korean red pine forest in Mt. Hallasan

to 2006, 2015

Crown Area by year(ha) Area .

density 2006 2015 change(ha) Change ratio(%)

Sparse 525.6 585.4 99.8 114
Moderate 377.2 436.2 99.0 156

Dense 305.6 238.3 - 673 -22.0

Total 1,208.4 1,259.9 ol.4 4.3
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Figure 17. Changes of Korean red pine forest according to elevation in Mt. Hallasan to
2006, 2015.
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Figure 18. Changes of crown density of Korean red pine forest according to

specific elevation(1,000m~1,400m) in Mt. Hallasan to 2005, 2015.
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Table 9. Changes of maximum altitude by distribution of Korean red pine

forests in main regions of Mt. Hallasan to 2006, 2015

Maximum altitude(m)

Region Variation(m)
2015 2006

Sogbat Area 1,510 1,520 -10
Ibseogoleum Area 1,550 1,540 10
Yenogsil Area 1,550 1,530 20
Gaemideung Area 1,560 1,530 30
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Figure 19. Changes of Korean red pine forest according to slope in Mt. Hallasan to

2006, 2015.
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Table 10. Growth grades presented in the Korean red pine forest of Mit.

Hallasan

Korean red pine forest
regions

Characteristics by crown density

Growth
grade

Some areas around

Gaemideung,
Ibseogoreum

Moderate T Sparse T

Pioneer

Gaemideung

Densel < Moderate T < Sparse !

Introduction

Ibseogoreum

Dense T < Sparse! < Moderate 7

Growth

Sogbat

Dense? < Moderate | < Sparse

Maturity

Yeongsil

Dense | < Moderate | < Sparse?

Decline
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Chapter M. $HR}F AFE A - F7HASS} 3379 A |

ot

2ihS F 5 A (species pool)?l FHWFEEHE] Wy "olA e #AE BE 1
o] Ay, AlA AEFA ot AE2E+ A (Haloartic floristic kingdom)
o] ZolAr|opA & A (East asiatic floristic region)o] <£3FcH(Yoshioka, 1983;
Yamazaki, 1973). sitel A 4 T4 bt Ao o|2774A] g4 Frufol whed
AA o] G A Eell A FE LA

7F UEhdY, oz Q8 B2 F7e] HEol LEIIT
.y

fu)
1o
&
2
1>
i
o,

O|ETIA Ao FATE

(Castanopsis sieboldii (Makino) Hatus.) &©°] &3 %thH(Koh, 2013). 3% 600m~
1,500m olst= 2 EdFH = Moy, v, deUr7 sol A4 o
HAgol SAS BT ok
ghelate] ofgtdi(olaritd)E 1,500m o] g RS AAsE AY

q92 FE g #Edom Ho ged, MAdae AU Ay S5
o] EAsta vt #AEHHL XD (Rhododendron mucronulatum Turcz. var.
ciliatum Nakai)-*+ 4 2 (Rhododendron yedoense Maxim. f. poukhanense (H. Lév.)
Sugim. ex T. Yamaz)7 =, wdUF-J@d+F, AZ0(Empetrum nigrum L.
subsp. asiaticum (Nakai ex H. 1td) Kuvaev)-2F7A o2 Agrostis clavata Trin.) 3

o7 FAE dtt(Jejudo Hallasan Eco-Culture Research Institute, 2006).
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olal A AS FAHOE Frtstd ot ekt ST i: 200m~600me] FARE
2osals 600m o]/de] ARRE Adel= ZdHor wSE AR7E AFHoIn
(Choi, 2016). uwebr Frep=dad Wl 77180 73 d As7)duSA~
(Automatic Weather System, AWS)ol| 4] B 2015W7FA| o] AFEE o]

=]
T
88192 (Table 11), o] %ol 253 2 £xo] g3t A3 u&o] Fe

juiil}

ERSE
o 2% AHe B3ghe Agach
Table 11. List of automatic weather systems in Mt. Hallasan
Insgilggéion Elevation Os‘tgle{vg;gn Geolocation Remark
Witseoreum 1,668 2002.12.16 N 33.3667, E 1265167 Witseoreum Shelter
Jindallaebat 1489  2002.12.16 N 33.3698, E 1265557 Jindallacbat Shelter
Yeongsil 1260 20151201 N 33.3483, E 1264964 Yeongsil Rest Area
Sajebi 1434 20151201 N 333760, E 1264980  Sajebioreum
Samgakbong 1528 20151201 N 33.3769, E 1265305 Samgakbong Shelter
Seongpanak 757 19980514 N 33.3851, E 126.6194 conapanak visitor
Eorimok 967 19921130 N 33.3930, E 1264959  Forimok Visitor

Information Center
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@ =HE
2000158 20151 Apofell A sl AFA el FFS + HFLE VG

A+ (https://www.weather.gokr) | Al FAHE L BELAEA HARE &850
EAE T sebitel S v AIEE AT Ey $459 Wstd APEH FF

ot (Murray, 1967). d¥rdo s w7 2943 u thr])e F=71¢%

o
£
g
N{N'

s HEA A FEAGe] Aol2 FAEEE AFT & o] AUAANA 2
/51

=
Aol FEEAS 9 ST JE AGOR v 8l

VPD = ae[bT/(T+c)](1-RH)

o] 714, at 0.611kPa, b= 17502, ci= 240.972 A4tst o (Murray, 1967).
FSNGEA G 2HE AdMAE ddFEde]l IFHer APl ATHE
SASF, A, olgls T 371 Ax el AWSHA Z4 ¥ 20119 ~20151 744 9
=

7h ¥k 9 (https://data.kma.go.kr/cmmn) ol A A o} 7}

£ Aztoe] Boe] Babsre A% Amel thE Bl gazd wgte F
Hom AR, 1 felE AT BAUA 52 A Axtele] Fahainh Aa
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25 QGIS 3.10xZ 2138 o] 83}
A)S B FHUFE BEA A

% w4 AR7} glo] AeFahar.

-

® EF
shebil AFuEde] B¢ st dds EA67] fall AT Hel EEEe
SAL S At X9 2005, 20109, 201568 % EF A AAE ALESAT
(Kwon, 2006; Koh et al., 2010; Lee et al,, 2011). AyF-Ho] EE 3= J2, &b

110052 99 201087 20159 %e ESREAANE ALLe9tH(Kwon, 2006;
Koh et al., 2010).

Bkl olslsty AL FEXNEH EAH(Rural Development Administration,

9, A/AEEE pHE 2433 ¢ oS EC meterd ol §3kel Z4ath

2 Lancaster, A& 4% Kjeldahl

Ui’i‘
rlo
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)
o~
D
<
.2
oo
Q
o
o,
;E
Ho
kol
r'O
2

(@]
)

K , Mg % Na= 1IN ammonium acetate(pH
7008 50mE 7Fete] 30ERF &3 thg o Fsto] dojxl o RS AAFHEF
FEA(AAS)E o] &3dto] SA st
ool &2 3kg =S IN NH,OAc(pH 7.0)2 *E3}3taL 80% ethyl alcohol® A2 &t
E¢S Kjeldahl 5732 93] NH4™ sh=S A H3te] 2b=sk3th
X-A 3] d 82X (X-Ray Diffractometer, XRD)2 EUYAIZE AEA 3 AAHE 9
3t 2um °lste] HAEE EYAZ & AASATE PhilipsAbe] X Pert-MPD
System< A3t om CuKaX 3 Ni-filterol] ¢33+ X-AS o] &3slgct 2ad

ERo 33t x3td HEJES o g dlZFg Z(ethylene glyco) 7 % 7} A g

o

55 Solo AWty Tk X-A 3EA(X-Ray Fluorescence Spectrometer,
XRF)< Shimadzurte] XRF-17005 Alg3tion, 24852 Si0, AlO; FeOs,
K-0, Na-O, CaO, TiO,, MgO, P-Os, MnO ¥ LOI 522 % 117} A +o]t}.
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119%~40% Wil 23E = AME T35 dAEA 9 478%¢°l 333t 901.6ha
2 et b e mee AASATHTable 12). F#E% 41%~70%0] 393}
FUE WA 6803hat WA RIWHO 365%0lth 71% o1 FHUEE

Al 2 &= 156%91 295haz® &4 ¥ ik

rr

A

2015 Mt.Hallasan Coniferous Tree
B Dense : 7T1-100%
0 Moderate : 41~70%

Sparse : 11~-40%

Figure 28. Distribution area of coniferous tree in Mt. Hallasan in 2015.
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0 1 2 3 km 2008 Mt. Hallasan Coniferous Tree ) 1 ; 3k 2015 Mt. Hallasan Coniferous Tree

Figure 29. Changes of coniferous tree of Mt. Hallasan to 2006, 2015.
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(Figure 29, 30, Table 12).
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Figure 30. Distribution area of coniferous tree in Mt. Hallasan in 2006.
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Table 12. Spatial and temporal changes of coniferous tree in Mt. Hallasan to

2006, 2015
Crown Area by year(ha) Area
) Change ratio(%)
density 2015 2006 change(ha)
Sparse 901.6 860.0 41.6 4.8
Moderate 689.3 703.1 -13.8 -2.0

Dense 295.0 383.6 -88.6 -38.0
Total 1,885.9. 1,946.7 -60.8 -3.1

(2) stz ghebalk HFutd Wst

shebil APuEgdel sdusd Fx ¥AstE By, ZA sd 1,010m~1,400m

e o (Figure 31). ol& 44U
Hyx ok &S Hol Fi= Zlo]
1,010m~1,400mol Al -3ty FauFde] A9 sitar: 1,510m~1,700mel A 7}

3 we wEe 4%5n Qe Aol
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350
[£2006 m2015

Area(ha)

290.6
300 2067 507
294.6 232.8 2375 241.7
219.8 [ 224.3 215.6

250
200

150 142.1
[ 119.5

97.9
100 91.3

6b.0

46.7
38.3
50 11.2 o 299 540
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800 900 1,000 1,100 1,200 1,300 1,400 1,500 1,600 1,700 1,800 1,900

Elevation(m)

Figure 31. Changes of coniferous tree according to elevation in Mt. Hallasan to

2006, 2015.

AAA o w2 afgilt: 1,510m~1,600m F-ghell A Fguso] WAo] 20061 o= 7+
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At} (Figure 32). 314
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350.0

E ----- Korean red pine forest 2006 === Korean red pine forest 2015
‘i Korean fir forest 2006 e K orean fir forest 2015
a 300'0 -.II..II.

250.0 :

200.0 :

150.0 :

100.0 :

50.0 / E
0.0 Sassssne
~700 710 810 810 1010% 1,110~ 1,210 1310~ 1,410~ 1510 1610 1710~ 1,810% 1910~
800 900 1000 1,100 1,200 1,300 1400 1500 1600 1,700 1,800 1.9005;‘““,"(,"]
Figure 32. Changes of Korean fir forests and Korean red pine forests to altitude
of Mt. Hallasan to 2006, 2015.

A, ik Aguglo] eftariee] wEl A st WA ik AriA <l
RDR#te] WstE HW sdux 1,200m F+7HS 7IHo2 200613 201510 7E9] &
W e "] Eo] 1200m ©]dF A9 RDR#ke] S7Fsk ®wHH 1200m ©] A9
RDR#to]l 74 Aoz FAE ItH(Table 13).

e euBRLAW] FHAL Qt 2UFPY St ALHE wE o
o FFuEge]l Fgurde ae ASHATsE A4S 9vgd. i 1,300m
oAl HPuwEHoel A= &L Wolxa Ed, 53] &Y 1,710m~
1,800m -7+e] -HH| &9 HaFo] 7P A Uey e Aow EAHAG

_6’]_



Table 13. Changes of coniferous forest to elevation in the Hallasan to 2006, 2015

Flevation(m) Ht. Hallasan Area by year(ha) RDR(%)
Area(ha) 2006 2015 2006 2015

~ 700 2,147.2 12.7 8.2 0.59 0.38
710~800 1,918.6 31.2 38.3 1.63 2.00
810~900 1,604.3 40.3 46.7 2.51 291
910~1,000 1,559.2 66.0 91.3 4.23 5.86
1,010~1,100 2,245.3 244.6 2617.3 10.89 11.90
1,110~1,200 1,616.3 219.8 232.8 13.60 14.40
1,210~1,300 1,183.6 286.7 280.7 24.22 23.72
1,310~1,400 948.6 2315 224.3 25.04 23.65
1,410~1,500 671.8 142.1 1195 21.15 17.79
1,510~1,600 680.6 290.6 256.3 42.70 37.66
1,610~1,700 539.5 243.7 215.6 45.17 39.96
1,710~1,800 186.3 97.9 76.9 52.55 41.28
1,810~1,900 65.8 29.9 24.0 45.44 36.47
1,910 ~ 10.9 3.8 3.8 34.86 34.86
Total 15,378.8 1,947 1,886 12.66 12.26
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Table 14. Changes of coniferous trees forest according to azimuth in Mt.

Hallasan to 2006, 2015

Agimuth Ht. Hallasan Area by year(ha) RDR(%)
Area(ha) 2006 2015 2006 2015
FLAT(-1) 736.6 44.4 47.9 6.03 6.50
NORTH 2,840.5 227.8 209.7 8.02 7.38
NORTHEAST 1,754.4 165.8 148.6 9.45 8.47
EAST 1,829.7 203.7 184.6 11.13 10.09
SOUTHEAST 2,093.8 274.5 261.4 13.11 12.48
SOUTH 1,757.7 403.8 422.7 22.97 24.05
SOUTHWEST 1,273.3 2439 251 19.15 19.71
WEST 1,016.5 182.1 178 1791 17.51
NORTHWEST 2,076.0 200.8 182 9.67 .77
Total 15,378.8 1,946.8 1,8859 12.66 12.26
A 2006
NORTHWEST 400 NORTH —_—2015
200
200
WEST NORTHEAST
SOUTHWEST EAST
SOUTH SOUTHEAST

Figure 33. Changes of coniferous trees forest according to azimuth in Mt.

Hallasan to 2006, 2015.
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Figure 35. Changes of precipitation and average temperature from 2000 to 2015

in Jeju area(Gosan, Seogwipo, Seongsan, Jeju).
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71 Agete] Hitr|ey HAeEs B2y 187 Hir|ee 17Cgoey, Hat
FaaFe 560m A tHFigure 39). A#Ee S7F FAo lom 20103 = o] d A
° 2 1,150mme] o] 7=

7V 715 E Ak 28 7] Aot FrleS 141TCH e FdrES 1,359m

)
32
[o
2
i
|
)
‘O,
)
S
—
—
(L
=
w
98)
&)
=]
=
Y
rlo
o
lo,
ol
~ &

p

w7l Bue A S7HAVE SRRt S7kEAlel ok 3R]l Et]

;

203CH e Hi7dsae 1,76om Aok 2000 F-8 2015374 4= v a7 39
A= 20029, 20079, 2012W0] 2500mm7F |WE H7F FEEHAow 20014,
201392 4ol 1,000mn °lstE 7153kt 53] 201392 456mme] 7HEI 22
2C9 o] 7ZHAY. 487 Hit7|& 74T, BH75% 591mP o™ 7]

sl Ao A, BT FrheE Aoz zAbE

_69_



1,200 150 ¢ ¢
24.0
= A s H T °c Precipitation( E
= — =) pitation{mm) First quarter a5 Yo = W fempsi=tiitel"Cl ——Fractp ) Second quarter E o
E S A E 2,000 E
8 1000 5 H 220 2
= 110 s
K
v B
8
E 2.0 £ 1800 20.0
800 R' = 02374
70
18.0
1,200
600 50
10 16.0
800
400
10 e
10
200 400
12.0
30
50 - 10.0
2000 2001 2002 2003 2008 2005 2006 2007 2008 2008 2010 2011 2012 2013 2014 2015 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
%0 p - 1,000 150
5 — () ——mbrecipit Third quarter fo | EITemperature(C) mmm=Precipitation(mm) £
P ( pitationmm) ¢ £ pe p Fourth quarter :
3,000 " : 900 Eg
70 i -
= £
g g 800 g
2,500 1o
5.0 i
9.0
2,000 250 600
66 o
1,500 10
400 \ 5
1,000 19.0 300
3.0
200
500 170
i 1.0
150 2 40
2000 7001 000 7003 2008 2005 2006 2007 2008 2008 2030 2011 2012 2013 I0M 2015 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2018 2015

Figure 39. Changes of quarterly precipitation and average temperature from 2000 to 2015 at the Seongpanak in Mt.
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0.0
1.7
07

First quarter
262

412
560

and Jeju area

Regions

% P: Precipitation(mm), T: Temperatures(C)

Eorimok
Seongpanak
Jeju area

Table 15. Quarterly average precipitation and temperature in Eorimok, Seongpanak
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Table 16. Typhoons affected Jeju Island from 2000 to 2015

Year/

Month 3 4 5 6 7 8 9 10 11 12 'Total
2000 2 5(2) 6(2) 5(1) 2 2 1 2305
2001 1 2 5 601 5 3 1 3 26(1)
2002 1 1 1 3(1) 52) 6(1) 4 2 2 1 264
2003 1 1 21 21 2 51 3(1) 3 2 21(4)
2004 1 2 51 21) 83 3 3 3 2 2905
2005 1 1 1 1 5 5(1) 5 2 2 23(1)
2006 1 1 31 7(1) 3 4 2 2 23013
2007 1 1 32) 4 5(1) 6 4 24(3)
2008 1 4 1 21) 4 5 1 3 1 2201
2009 2 2 2 5) 7 3 1 22(0)
2010 1 2 52 41) 2 14(3)
2011 2 3 41 3(1) 7 1 1 2103)
2012 1 1 4 4@2) 52) 3) 5 1 1 2505)
2013 1 1 41) 3 6(1) 8 6(1) 2 31(3)
2014 2 1 2 2 53) 1 5 2) 1 2 23(4)

2015 1 1 2 1 2 21 4@ 3(1) 5 4 1 1 274

Total 7 4 5 8 21(1) 32(6) 56(17)79(17) 77(6) 49(2) 27 15 380(49)

* Numbers in parentheses indicate the number of typhoons that have affected Korea
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Figure 43. The path of typhoons affected Jeju island.
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Table 17. List of typhoons affected Jeju islanf from 2002 to 2014

Typhoon Influence Seongpanak Eorimok
name Year period P’ WS™(m/s) p* WS™(m/s)
(m)  (Mean/Max)  (m)  (Mean/Max)
EAM\Z&UN? 2002 8;;83 8}1 C 30 85/15.6 471 7.0/115
FAHRUSA) 2002 82;3(1) (1)‘11 610 9.9/18.8 798 8.9/13.4
214 AEMI) "I 2003 83% 8(1) L 3.8/9.7 389 5.7/10.8
MAMEGD 2004 92T o7 7207w 47774
?QW?NIXR; " 2006 8;71)3 f; " 7.1/14.2 371 9.2/13.3
U2 (NARD 2007 8822 (1)2 T 550 55/16.5 450 5.7/105
:%1 ANMU)PV 2010 822(1) ég T3 75115 430 49/13
(J:I_{OM?ASU)Z: 2010 88;81 g? Y 8.9/10.6 146 47/75
(?{H ANUN;E 2012 8%3 (l)g’ IRYY 7.2/10.7 181 6.9/89
E}EMBIN;ﬂ 2012 8228 8;1 T 10.3/11.6 98 4.4/49
iOL AE}VEN;ﬂ 2012 82;;; ig 316 10.5/17.4 564 95/125
%ANBA) oo 882675 ig T 6.7/10.8 683 51/17
FLN AKiD Y 82;8; (1)2 oI 8.0/12.5 772 75/11.6

“P: Precipitation, “WS: Wind speed
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ZEY2E W] frh dubA o g AEAdA A9d VPD g2 5~12hPaz &
A A tHGrange and Hand, 1987). 299 A5 o Hit VPD+= 371 13.60hPa,
Hl 71x7]¢] 8.60hPa, Hdl VPDE z1x7]ol 22.7hPa, H] Ax7|d+ 17.3hPaz X
1% # dvh(Laiju et al., 2012),
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2.89+1.60hPa(n=1,826), =& (Figure 47) 2.44+1.35hPa(n=1,820), $AL &
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Table 18. Comparison of daily average VPD in major region in Mt. Hallasan

. VPD
Regions Year
5 hPa~12 hPa 12 hPa ~
2011 62 2
2012 55 3
Seongpanak 2013 06 0
2014 56 11
2015 78 6
Total 317 28
2011 47 2
2012 53 1
Jindallaebat 2013 65 3
2014 53 2
2015 47 1
Total 291 9
2011 52 1
2012 52 0
) 2013 63 8
Witseoreum 2014 54 1
2015 65 4
Total 286 14

Fd dH 3 VPD 5~12hpac] 60Y st dA1A o=, 29 &<k VPD 5~
12hpa 7-7Fe] 100¥ olst= @714 i@ o=, 31zt VPD 5~12hpa 150¥ °]3st+=
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Figure 46. Vapor pressure deficit at the Seongpanak in Mt. Hallasan.
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Figure 49. Average insolation in the Korean fir forest of Mt. Hallasan in 2006.
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TAUE U SAEstE i 22U s JERe 1417(239+1,634)kWh/m - year i
o F T2 1,385(429+1.650)kWh/m’-year@A tf. &3k AW E 2
1,366(185+1,649)kWh/m’-year= LX=W Ao} FHaghkel 1H4 o] 20061 3 H] ul 3| A
HWolxd Aoz AHAY. AU AR A5 Thse A WHAE AAE
oy 20061 2AME TR atehe] et dAbEe]l oF 1,380kWh/m’-yeare] il
500kWh/m' -yearoll 4 1,600kWh/m’-year©] t}.

W, wHRF BEse g9 AQaFe AA o 1,080 kWh/m'year, H3
o]
-1

utl

v
N,
M
i

=)
H

Nl
B>

’

oF 1669kWh/m’-year®| i, ¥+t ¢F 1541kWh/m’-year®|t}. o] =X &= HAE S
o] AUdAFEF HA oF 140kWh/m’-year, i °F 1678kWh/m’ -year, Hir <F
1,353kWh/m’ -yeare}t vlalshH of - =2 gho]th(Yoon et al., 2021).
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2015 Korean Fir
B 185000 - 593000
I 593000 - 983000
9 983000 - 1163000
[0 1163000 - 1279000

1279000 - 1364000
1364000 - 1438000
[ 1438000 - 1515000
B 1515000 - 1650000

Figure 50. Average insolation in the Korean fir forest of Mt. Hallasan in 2015.

!

2 A8 Ao Bt ol 1983WH-H 2007dA7bA 2583 Hir ks 1971 ~
2000 gt s ®W o5d Havlee 01T Asshda, dAbES
169kWh/m*-year’} =7}8t1tH(Choi and Yun, 2009)1 X aldtiow AW UAAb
T AW Tn BE 24%, A5S 22% won, Jh&e 11%, A& 34% At
(Kim et al, 2008)3L 3Fith. S7F AAFF 169kWh/m'-yeardll o1& S7HE& wlH
132kWh/m’-yearo] a1, ©] Ft2 stehil A9 A AAFF 1,353kWh/m'-year?]
9.7%0°] T},

T AR £10% olll= A fEH FHaddom FA LA £11%~
+15% o= @714 9@ SggacleR, Fa A £15% oS AUA ¥

3 Fgeolor TR

o



Sttt H Y Eoo pHE 48(XEE)~L0AE)RETt @A vebth(Jeju Special
Self-Governing Province Hallasan Research Institute, 2013). o] 3] <& 7] 5l
A A ERFAY] EEETE =eA frlEe]l AA - JAEL 2 A AEE {714
o] FAHE Az Efo] Ade WA He Ao HItE Hi(Jin et al,

1904)9hE T2 e wwe] A%t FAURsL bR AYA R pHAE o

Table 19. Soil characteristics analyzed from the coniferous forest in Mt.

Hallasan
, Av.
pH EC OM' TN K Ca Mg Na CEC
Plant type P05
(1:5) dSm) (%) (%) (ngko (emol+/kg)
Korean fir Forest 471 039 21% 079 1520 054 119 071 0.29 4098

Korean Red Pine Forest 429 041 1650 058 1161 018 048 030 016 1148

Mean 450 040 2223 069 1341 036 08 051 023 2623

1
At ded FAUFEe] A B #71= el 106%ow i B
2 AgEEsR Qe 7ol SN B

9
X
<
o
<
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I
o
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o

_89_



F

A

i

A
H

&
tles, 7

°

1=

FepAl

84

=

A tHCho,

°©

S 059% % Hi(Han et al,

oyt AW BA

=

)~0.94% (4 E) 3 2™ (Cho, 2014),

224 o 2

=

]
AT ES 0.85% % H 31 (Moon, 2001)

| S =7)
0.69%= WEFto™, FHduf-d2 0.79%, 2u-#2 0.58% it

skt gk,

o

Feko

2014).
.

2012)

of W2 A2 YEyHh

—_
fite)

R

X

e

e
5!

e

X
B

TH
M-
E|
,ma
e

<

o

ket

BhakA ol M
of BakA7E el A
FE A7

gt

o

o f7]1& 0]

7 3} 9}

-

R

1

T

ol

dol 7]

3}

]

ki3

o

|

=7 YeEldtH(Ko and Kang, 2013)

&g

il

e

TR

A

oF
o]
!
Hr
E|
8o
ral

%

.EH

ZAHE AT

T 1341mg/kg=
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F 4= (Ko and Kang, 2013).

3t o Kim et al.(2010)&

20.6mg/kg® H 1l

S

st A tH(Ko and Kang, 2013). A 2]4ke]
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B mSme) Hrsh 5E
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A
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1851mg/kg .= H 11(Cho, 2014)
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(Ko and Kang,
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TAEEL

AFEE
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AT 3Pt E7F

o2 = A UERs T
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-

Fepab g

20.98cmol+/kg ~20.91cmol /kg =

[e)

22.38cmol’/kg(Moon, 2001) H.t}
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Table 20. Soil characteristics analyzed from Korean fir forest at the sites of Mt. Hallasan in 2005, 2010 and 2015

Av.

Year Sampling site pH EC OM TN P05 K . Mg Na e
(1:5) (dS/m) (%) (%) (mg/kg) (emol /kg)
2005 Witseoreum 461 0.26 34.42 0.86 12.69 1.14 1.54 1.10 0.31 45.60
2005 Seongpanak 5.16 0.15 24.90 0.50 5.28 0.64 1.31 0.87 0.40 60.76
2010 Witseoreum 470 0.29 20.90 0.66 11.54 0.29 1.33 0.52 0.24 25.58
2010 Seongpanak 4.30 0.76 26.93 1.25 37.00 0.66 1.69 1.07 0.35 35.45
2015 Witseoreum 4.46 0.13 26.45 0.71 9.73 0.14 0.53 0.23 0.16 43.20
2015 Seongpanak 5.02 0.76 34.12 0.75 14.93 0.36 0.74 0.45 0.30 35.31
Mean 471 0.39 27.95 0.79 15.20 0.54 1.19 0.71 0.29 40.98

* OM: Organic matter, ** CEC: Cation exchange capacity

Table 21. Soil characteristics analyzed from Korean red pine forest at the sites of Mt. Hallasan in 2010 and 2015

Av.

Year Sampling site pH EC oM T-N P,0s K Ca Mg Na CEC™
(1:5) dS/m) (%) (%) (mg/kg) (ecmol'/kg)

2010 Sogbat 4.80 0.35 14.40 0.86 8.69 0.23 0.55 0.30 0.19 20.31
2010 Yeongsil 4.45 0.22 13.28 0.40 17.17 0.16 0.42 0.27 0.09 8.69
2010 1100 Road 4.45 0.36 12,77 0.44 12.42 0.14 0.48 0.25 0.17 11.86
2015 Yeongsil 422 0.34 16.15 0.46 10.42 0.14 0.32 0.23 0.14 24.20
2015 Sogbat 417 0.46 18.42 0.53 10.56 0.17 0.48 0.32 0.14 30.00
2015 1100 Road 3.65 0.70 23.95 0.79 10.38 0.26 0.61 0.44 0.24 39.80

Mean 4.29 0.41 16.50 0.58 11.61 0.18 0.48 0.30 0.16 22.48

* OM: Organic matter, ** CEC: Cation exchange capacity
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Table 22. List of major disease in the coniferous forest of Mt. Hallasan

Disease name Pathogens Host Plants
AZY|EHE A AR EE ) y .
=2l . AT Gremmeniella abietina Pineaceae
(Scleroderris canker)
ofx~FZEE 2~ 7hAutEE A A (Ascocalyx abietis) Pineacede
(Ascocalyx canker) E-2A M ) (Bothrodiscus berenice)
35S AvtEH Rhizosoh . pi
(Rhizosphaera needle blight) Zosphacta pi fheaceac
JEdEY hodermi . P
(Lophodermium needle cast) Lophodermium piceae ineaceae
g et JdE Liral pi
(Lirula needle cast) Irula macrospora ineaceae
293 M EH , - :
(Lophium twig blight) Lophium mytilinum Pineaceae
E )
. ) Racodium therryanum Thuem
(Soil-borne fungi)
=y . . . Pine trees
(Pine-oak gall rust) Cronartium quercuum (Berk.) Miyabe ex Shirai Oaks
AT AESY . . .
Bursaplelencius xylopllus (Steiner & Buhrer) Nickle Pine trees

(Pine wilt disease)

@ =3l
op 7ol EA
Aol A= sl oF 20009FS 7|5 5o Ao} (National Institute of
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THILAT L2014 Agrtagsd il FAUT Ee] E SEHE T
e, N HAH A AP &7 ANV (Deileptenia ribeata)©] $-7 &}
&S AU (Pennithera djakonovi), TFA W27V W (Macaria liturata), <

WX (Alcis  angulifera), HvpE-<obaubit
(Telorta edentata) s°] =8 AT o2 B3

ST FEF AU Sl Theliste Ao® dEA o F
a3k oy ghepitel = A2 715 (Jeong, 2013)0] (1= o= FehETH

Na(2020)+= 20099 F-E 20154 Apolo] ghepit= g gy wst &
astF = T 137 604F 13433MAE APt A Ay, dEUbA ol
2,145/ A2 7+ wotow woudSaAvWt(Hydrillodes morosa) 92170 A, #
J-F 7AW (Menophra senilis) 362704, A2l B (Agylla gigantea) 3407
A, =S N 7FA Y (Hypomecis roboraria) 233704 <=0 2 3<ls} 3t}

Aol A Fo 2dFor B H HR7EA o] et M= -3 ste] A

VAU (Macaria notata), &

AstE AoR Hth JEdhd oA At e &3t Foz AT JIE
FE dFer EReA 21 JdoH, e dsd AES =t (CBD-CHM
Korea Website). H2u g3 =Apal H1g 1A

L e R R - LI == o P
AUte 52 APFE HolZ 317 e o=

Lee(2012)+= 20101l shefiboll A 3]
g = 173 72F 1440571 A Ak, HAH
8ITMAZ  7H el AFHAL, vgoR  sedZAXHY (Prerostichus

i,
18
o,
e
)
N[
rk
ofj
1o
M
kel
it
u
=2
ol
2
rlr

H
Mo
AW
2
rg
By

W 9 (Synuchus  nitidus) 7}

raptor) 91970 A, A H 3 -2 S AH U (Carabus sternbergi sternbergi) 7707}
A, SAEU Jdukel S el (Nicrophorus quadripunctatus) 72871 A, 474 2
W WAESAHY(Silpha perforata) 54370 A, AP A A F S H Y (Carabus
(Isiocarabus) saishutoicus) 3847WA|, A8 3 EI7ME42%5 9 ol (Onthophagus
odiens)36971 A, AR Hd 2} of A2 X W & (Synuchus congruus) 34370 A, =4
Hy 3 9 Ao\ AH Y (Damaster jankowskil jankowskii) 28471 A, WA H | 2} o}z
AZARXH Y (Pterostichus  shirozui) 23070 A, SdHe 3 stetZFA 0S4 d

(Scambocarabus — kruberi  hallasanensis) 143704, S d ¥y AASHHY
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(Nicrophorus concolor) 1383714, WX H 3 FUAXH Y (Poecilus coerulescens
encopoleus) 115714 =olQth. =71 A=Y ARFFAA AAES 3 94

A 2o d@ F45 bl s 2. dFoE ERE Fo| Rux

o
S ol
Z
QO
jang
o
=]
o,
p—
=)
w0
sy
g d
g
@)
@}
s
By
O
=
@)
w0
2
o))}
2}
¢)
=]
(@)
@)

2018). 2017'd el i 900m¢Sl ©f
of ZdEol wAtst=H, AFAY
FAstExE 713Este o 2dslE nAUE AAAE 9]
St

A 35 tellete dlsor AT ARl W (Cydia kamijon 3t &9
U Dioryctria abietella)S B .a13F1tHSin et al., 2018; Kim et al., 2020). 7452
Touphe ZTtol oA AAete I AfFoR dHA AT 7IFAEQ] o
ARV Y- (Abies sachalinensis)?t D¥-(Z7Fol )3} Ao} & (FE

2-7F, AbER)O R Exska Qv EAEH VTS dA e HdoR StiE
1,650m7b Al et EdS wijgrt ARt Asst Ay @5 siehd 715l A
ko]l ERE Ao & tH(Zhang et al, 2013). dEfitolA A& wAH

Apolabo| Lo Mol gelx] ApAEeIR] AAE 4 g u A spsA ol

i

e
o

21t (Shin et al., 2018).

Shin et al.(2018) 20140l ghepit GA, =z, Aot sollA 4yl Eo]
ks Eodeuhdel o gk JE]E 75.3042.34% % R ek 21, Kim et al.(2019)
S SALE, ATE FE oA EdEgHue 82%, Aol Aol e
50%, T & BT 33 FoE 39%el sigstdnh. EE ey v
A, B aee 705%% Hastgith. THAEY
Z& S G W Dioryetria sylvestrella) o 93 -3}
Tl &S oF 63.3%% Hisott.

TAYE-o FyeFo A Edgdypto]l ¢4

kel 7)1 HYY 7Y Abies ol Al 3HE=d Wl (Suzuki and Komai, 1984), <<}

b slglomt abe 79wl
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ol 470 & 2159 VIS el o Slol(Bae et al, 2008), T
2

efak APFe BARE Jbests slEo® Kim(2016)S 20139 49 3E 2014
W 7E7HA] 55 ALt 6F 235 993} 224F 9] AE FHUF(AE, A

oA EFEe 1F GAHHY Eo] 7hFo R HAA F9o 335%F Ao F)
v (Formica japonica) 4347%, EE7]3 16.34%, &b+ AYU5(Polygraphus

st AU &L el USRS VT2 st T 22 Choo and Woo(1989) 9l
& Aoz HIuERow FA7F otk Aol = FAUFe 27 BAwA 9
1 THKim, 2016).

%‘
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Table 23. List of major pests in the coniferous forest in Mt. Hallasan

Korean name/ English name Family Scientific name Host plant Main damage
E~ABACIS E~ABA:)
(Pine EC]:tre;pillar) Lasieo?ar;;ir dae Dendrolimus corelimus Pine trees Leaf
£ 51¢ 5 gh2] % . , Korean red pine
(Pine Needle Gall Midge) Cecidomyiidae ~ Vecodiplosts japonensis Japanese black pine Leat
SR A7 E | . . Korean red pine
(Red Pine Bast Scale) Matsucoccidae Matsucoccus thunbergianae Japanese black pine Xylem
g =T ]Ij:’ilolt:ESawyer) Celjriby;ijziae Monochamus alternatus Hope Pine trees Xylem
e ko A=t SlEA ) .
(Sl ]'?ﬁn—er L‘j);;iom Beetle) Celjriby;iiae Monochamus saltuarius Pine trees Xylem
=5 -5 2 Tomicus piniperda( =\FE-3) Pine trees Xvlem
(Bark Beetle) Scolytidae Cryphalus filvus(=2 )} %) v
. U5 2t .. i
Pl e AR e Scolytidae Polygraphus nobuchii Korean fir Xylem
ZoF2bm U Hy = RBAT
( CEor?ejP;;jﬁz) P;‘:erllfdi Dioryctria abretella Pineaceae Conifer
& gergipy b — . .
(Japanese pine tip moth) Pyralidae Dioryctria sylvestrella Pineaceae Conifer
ot . .. . .
T o U Tortricidae Cydia kamijoi Korean fir Conifer
B ol ) S Hky
(Yellgvj p}e;cll/l} I’C;’IOth) E: O]/Pji. Z;i Conogethes punctiferalis Pine trees Conifer
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@ ATz

AFzdds EXxHde AFzadd dadokd 1 (Jeju Special Self-Governing
Province World Heritage Office, 2020) A2 H 1A =d|, srefrtadad o A
AAA 163kire] 95%0l | @shE 146kwel] AlF B 7E EESFL o, AW
95.5%, AN 94.7% % At AFEB 7 A fskal H &2 7] #Fel7t ¢l
ok 3 1,400m ©]e] ofarhk A& A o] 2ol o] F 883%° | Fsl=
19k E AlFZAq7F A3t A= Aoz BusA o (Figure 51, 52, Table 24).

Figure 51. Distribution and undistributed areas of Jeju Sasa in Hallasan National

Park.

HAFH(83.5%) 0] HAFA(93%) Hh AlF23 HfHEo] e o R UEe
g, ol AdFe] deAbdel AFzzE AsA k= FAAUIE wA A
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Fa gle, Eo] AF ol FAV BES] ot st 1,400m ol A9
o #EH, 24 To] Wel £ Jdou g AFxIdrt FxE o
o, gheab Ba T, AT 1A 2 ANk FA, JAFAEAE P9 R
S AL A A Ao kx| glrh o E SARE wEbAE FFE(EE
1,800m) Ad7bA] AFZ3d7F sk, 2o A e AFxsdvt e
o A AR WHS ' 1,800m, AdHet AR = ' 1,850m7t A
2 yeotEglon 1 o)A mAW HEZFS 7o (Festuca ovina L.)¥ EAY

Table 24. Comparison of distribution and undistribution area of Jeju Sasa in

Hallasan National Park

Area(km') Occupation
Range . L 0
Total Distribution Undistribution rate(%)
Sf”Ul 1063 8.87 176 835
Sub-alpine Slope
region {3212 1091 10.15 076 930
(Above 1,400m) P
Total 21,54 19.02 252 88.3
South 50.46 4778 268 947
slope
Hallasan National
allasan National - North ) o) 08.35 150 955
Park slope
Total 153.40 146.13 727 95.3
fepat Adns BEAelel daAdel ATzl $He Jov, AFE
ol S48 WE F7hR 9l A EAel wol Aas Wtow g A5

Kim and Oh, 2016)iL
A xS oA

Hasgo

7 Rastgrh ol AR AFzIGE AT X5 F

- 100 -

A tH(Park and Kim, 1986; Lee and Hong, 1995; Song, 2011;
™ Song et al.(2020)> TFUF X 57F A=
ol o717} Aeb= fFPoA 7HY B2 A ¢7F Ak Ao
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9 Ao WHAT B 2URYIAE AFZAY WEsb wob RFA)

dAsta FAYES olE Ao LAl o] FoA A Kstar glo] AlFW welrt

97.8%7F st S st dom, AU A5 200612 93.0%, 201512

937% %= Aurdel HlEiAe tha B2 Aow EAHAT o it MEG

sho8 5 dH dlE ik 1,800m ol mA Yol = AlFEB gt AekA] X A
H

ol FAVTIE LESFT Y Aol2 34

Table 25. Occupied area and ratio of Jeju Sasa on substratum vegetation according

to coniferous type in Mt. Hallasan

Distribution area  Occupation area of Jeju Occupation rate of

Plant type (ha) Sasa(ha) Jeju Sasa(%)
2015 2006 2015 2006 2015 2006
Korean red pine 1,2599 1,2084 1,231.6 1,174.2 97.8 97.2
Korean fir 626.0 738.3 586.5 686.5 93.7 93.0

Coniferous forest 1,885.9 1,946.7 1,818.1 1,860.7 96.4 95.6

@ A7 2 A9

AFzee] 49 1047 W4 Sl 5% olske] 4% A A APadew W

N
r
[

[e)
o
dFeclon TERIAG. FPadont AFEAY WA Favt 5% ol AN

finei)

o

29102 69%~10% o[l @714 2Qlow 10%o]4 Wa gashe F7)4 aclo
0

2 skt 7 Al
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Figure 52. Distribution of Jeju Sasa and coniferous trees in Mt. Hallasan in 2006 and 2015.
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@ o s =

e 27 AddAdA &2 a7t A A7 FEFS v Hh AT
45 Sepatel MAsta gl kBB =F(Capreolus pygargus) A4 387}
Huwa 9Jom Lee et al.(2019)& T4 B TS o= AL o]Folx il
ojut mgro® Q3 X Fre] wdo] AFE L glo} FAME JHAS 313870 A%
12191 381/HAI7F =79 A2o] FRlEom, wfo] 2o fH WA 2 X

WY WA ol MY F8% 2908 FHSAT abiE w7 wo| 4

als

2 M3 Aol Ethi= Hil(Petersen and Strandgaard, 1994; Kim and Kim, 2001)

5=
¢} A3 HA gEvhe= Hl(Bergman et al, 2005)7F oy, ATV} A=

52

= Aox BHuHEHI dtH(Jeju Special Self-Governing Province World Heritage
Headquarters, 2019b)

Park et al.(2020)°] W29 X it AAFd Ao Aol ofg 575
a7} WA ste] v = FAAAVIANYE EAEARE FAASEM S FHAERE
AE; NCBDo 529 dolg e vludt Ay E52F(Craseomys regulus)©l ©
af =i 1.5m ol WAl 7EAel 975% I E P JHA TR LAl ow) AL
1.5m wRke] U= s o] 93] AFEC] 583%9 dE W o=
Hastet. st dels  AFwFH (Crocidura  dsinezumi), $-2] 55

xﬂzcz

(Crocidura lasiura), T5 = (Apodemus agrarius chejuensis), 7 (Rattus

norvegicus), et F (Sorex caecutiens hallamontanus) 5 4F°] A2A3al o
H AFs=F7F 7P AAEEZE 2o T 1,700m T3 E ol 157k /hacl

=2 UERE AAstal tkar B askitk(Oh, 2013). ghepake] A A Aol
o)gt ylaf= ofH Al FAZF o] FoyA A ot A== & FUF Lo, A At
THEA FE AT AFEe] vt A& AS At

=

@AY 2 AgAF A
R A% B fE Aol 10% olshd AAH APRoR P FE A
3

2]
2 g 10%~30% olsteld wr1d glPgaion fH A4 HE
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S5 4714 ddadon R Sd SR A4 u& 10%~5%0]Y AN
Fgaclom, fH H4 W& 5% olsteld wrlA FHFgeclow 54 B fE

A4 BlE 10% olske] B A714 FdFaclew FEsdT

e AT AL glod ofd Aupre] o] o] R o] X x| ¢k 9lo] Y]
ESx7F wekd 7hsAd o] th(Koh et al, 2017).
stEpah U Ab e 9 AS FEs stefstr] 9lal] 20139, 20140l A
TG BEAE gdoR AR, FAAUFAA Aol AT E A
T2 54.1%<1 Fet 1,098.3/haol™, ILARELS 459%¢%1 vt 930.0+/hal =
e o X4E Fat 260.8%/ha HA A THKoh et al., 2015). ARSI ]
A A gR A BAELS 0.14% T
Song et al.(2020)2 A7 A Aol mAEI XFHAAS 20094, 2014
d, 20180l FAFsEA=tl(Table 26), 234At5E EW= 20099 TAUF9o B4
gAo] 465%, NPt 1.37%, 20189 Ag- gA 876%, ol
1.93% %t}

[e3ife)
=

Table 26. Renewal rate of Korean fir between by Yeongsi and Jindallaeba region

in Mt. Hallasan in 2009, 2014 and 2018

2009 2014 2018 Total
Reoi Renewal rate
gion . . , . (%)
Seedling Dead Seedling Dead Seedling Dead Seedling Dead
Yeongsil 242 26 449 32 631 36 1,322 94 7.03
Jindallaebat 41 15 28 27 197 27 266 69 1.93
Total 283 41 477 59 828 63 1588 163 5.84

“Data source: Song et al.(2020)
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Table 27. Threat level and index value of coniferous forest in Mt. Hallasan

Threat Level and Index Value

Factors (weights)

Temporary (current year)/ 1 Short term (within 4 years)/ 2~4 Long term (5 years or more)/ 5
Temperatures Average temperature of the Average temperature (5 years):  Average temperature (10 years):
(0.5) previous year: £0.5 C or Over 0.1~ 205 T +0.6 C or Over
Precipitation Precipitation of the previous Normal (5 years) precipitation: Normal (10 years) precipitation:
(0.5) year: + 20 % or Over £11 %6 ~ +£30 % +15 % or Over
VPD VPD 5-12 hpa: 60 days or Less 2 yvears VPD 5~12 hpa: 100days 3 years VPD 5~12 hpa: 150days
Non - or less or less
living Insolation Average insolation: Average insolation: Average insolation:
things 10 % Within 11 %~+15 % +15 % or Over
Influence period (within 1 day) Influence period (within 2 days) Influence period (within 2 days)
Typhoon(0.5) Precipitation: 300 mm T, Wind speed: Precipitation: 400 mm T, Wind speed: Precipitation: 500 mm T, Wind speed:
up to 10 m/s class 2 or less up to 15 m/s class 2 or less up to 15 m/s class 2 or more
Soil(10 items) Normal s'oil.analysis value: Norrpal. soil analysis value: Normal soil analysis value:
within ¥9 % within +10 %6~+14 % £15 % or Over
Damage rate by pests: Damage rate by pests: Damage rate from pests:
Pest damage within 50 %, within 50 %~70 % over 70 %
Discase Damage rate: 1e§s than 50 % Damage .rate due to disease: Damage rate: .70 % or more by
due to disease within 50 %~70 % disease
Living wild animals Seedling feeding rate: Seedling feeding rate: Seedling feeding rate:
things 10 9% or Less 10 %6~30 % more than 30 %
Jeju Sasa Jeju Sasa area expansion: Jeju Sasa area expansion: Jeju Sasa area expansion:
5% | 6 %~10 % 10 % 1
Renewal rate” Renewal rate for the year: Renewal rate for 2 year: Renewal rate for 3 year:
(0.5) 100 % or Less 100 % or Less 50 % or Less

* The renewal rate is the ratio of dead wood and Seedling.(Seedlingx0.005/Dead tree x 100)
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Table 28. Expansion level and index value of coniferous forest in Mt. Hallasan

Factors (weights) Expansion Level and Index Value
Temporary (current year)/ 1 Short term (within 4 years)/ 2~4 Long term (5 years or more)/ 5
Temperatures Average temperature of the Average temperature (5 years): Average temperature (10 years):
(0.5) previous year: £0.5 C or Over 0.1 T~=205 T 10.6 C or Over
Precipitation Precipitation of the previous Normal (5 years) precipitation: Normal (10 years) precipitation:
(0.5) year: 20 % or Less 5 %~+10 % +11 % or Less
VPD VPD 5-12 hpa: 60 days or 2years VPD 5~12 hpa: 150 days 3 years VPD 5~12 hpa: 200 days
Non - Over or Over or Over
living Insolation Average insolation: Average insolation: Average insolation:
+10 26 Within +11 %6~+15 % £16 % or Over
things Influence period for 3 years Influence period for 5 years
Typhoon No typhoons that affected the (within lday) (within lday)
year Precipitation: 300 mm{ , wind Precipitation: 300 mm{ , wind
speed: up to 10 m/s 1 class speed: up to 1 Om/s 2 class
Soil(10 items) Normal soil analysis value: Normal soil analysis value: Normal soil analysis value
within £ 9 % within +10 %6~=%14 % £15 % or Over
Pest damage Damage rate by pests: within 3years Damage rate by pests: byears Damage rate by pests:
40 %, within 20 %6~40 % 20 %6~40 % or Less
Disease Damage rate by disease: 3years Damage rate by disease: HByears Damage rate by disease:
Living within 40 %, within 20 % ~40 % 20 2%~40 % or Less
_ wild animals Seedling feeding rate: Seedling feeding rate: Syears Seedling feeding rate:
things 10 % ~ 5 % 5 % or Less 10 % or Less
Jeju Sasa(0.5) Jeju Sasa area reduction: 5 % |  Jeju Sasa area reduction: 6~10 %  Jeju Sasa area reduction: 11 % 1
Renewal rate” Renewal rate for the year: 2year renewal rate: 3year renewal rate:
(0.5) 150 %6~200 % within 200 %~ 500 % 500 % or Over

* The renewal rate is the ratio of dead wood and Seedling.(Seedlingx0.005/Dead tree x 100)
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Table 30. The threat and expansion index of Korean fir in the Mt. Hallasan

Factors (weights) Threat level Expansion level Remark
Temperatures(0.5) 45 -
Precipitation(0.5) 45 -
Non - VPD - 1.0
living Insolation Data deficient
things Typhoon(0.5) - 1.0 \;Vré};%e}é
Soil(10 items) 5.0 -
Sum 14.0 2.0
Pest damage 5.0 -
Disease - 5.0
Living wild animals 2.0 -
things Jeju Sasa Data deficient
Renewal rate(0.5) 75 -
Sum 14.5 5.0
Total 28.5 7.0
Aol A9 SEE 59 B Wi LEAo]7} 03T B Fgaon A
Sk 33 AEAE wgskel 45902 Wewa, Fwd 2% 59 BE 10% of
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Table 31. The threat and expansion index of Korean Red Pine in the Mt. Hallasan

Factors (weights) Threat level Expansion level Remark
Temperatures(0.5) - 45
Precipitation(0.5) 45 -
Non - VPD - 1.0
living Insolation Data deficient
things Typhoon(0.5) - 1.0 ge}}ge}f}é
Soil(10 items) 1.0 -
Sum 5.5 6.5
Pest damage 5.0
Disease 5.0
Living wild animals 5.0
things Jeju Sasa Data deficient
Renewal rate(0.5) 75
Sum 75 15.0

Total 12.0 21.5
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Table 32. Threats and extended range index values for 4 Indexes
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Table 33. The threat and expansion index of Korean fir at Jindallaebat area in

Mt. Hallasan

Remark

Expansion level

2011 2012 2013 2014 2011 2012 2013 2014

Threat level

Factors (weights)

4.5

6.0

6.0

7.5
7.5

Temperatures(0.5)

1.5
1.0

7.5
1.0

1.5

Precipitation(0.5)

1.0

1.0

VPD

Threat

1.0

1.0

4.5

7.5

Typhoon(0.5)

weights

6.0 20 45

8.0

15 70

16.0

1.5

Sum
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Table 34. The threat and expansion index of Korean fir at Bangaeoreum area in

Mt. Hallasan

Threat level Expansion level
Factors (weights) Remark
2011 2012 2013 2014 2011 2012 2013 2014
Temperatures(0.5) 6.0 6.0 6.0 45
Precipitation(0.5) ND 15 15 ND 15
VPD 1.0 10 1.0 1.0
_ _ _ _ Threat
Typhoon(0.5) 75 45 1.0 1.0 weights
Sum 10 85 75 60 70 75 20 55

(2) 2 98 2 G3A5 37t
&k 29 AuFgel 2011d 5 20149704 @A G 425, FHAS 2052
Faclo] SA8HA 283 tHTable 35).
sl7dede B 25 201398 AQstuys 10d Hd2e 1o §42hs)

Table 35. The threat and expansion index of Korean red pines at Sogbat area in

Mt. Hallasan

Threat level Expansion level
Factors (weights) Remark
2011 2012 2013 2014 2011 2012 2013 2014
Temperatures(0.5) 4.5 60 - 3.0 - - 75 -
Precipitation(0.5) 75 15 15 - - 75
VPD - 1.0 - 1.0 1.0 - 1.0 -
B B B N Threat
Typhoon(0.5) 7.5 45 1.0 1.0 weights

Sum 45 220 75 8.5 35 00 95 75
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