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A& ohs 242 spline(50% ¥HF7] 601)E o]&-3te
AFEZsse Aotk (A 1999). AFAt7le A73H &
8o ojs] HEI}H A& S AAT F AxHresidua) A
Ne E2Ho 7 AMLIAT.
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Fig. 1. Map of the study area, Mt. Worak and the locations
of 20 sample stands. (@: Location of sample stands)
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itts 1976).
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&) ARE ol&3t] AR} &3 Qe FH 29
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2070 ATRNA B4d AFHE FTHLE R, o
A% A% AREEH] AB4L B3] A8 GIS
€ ol8¥ FEANF ITVENE AASAT. Faspect; Al
HYPEHLE 3 - A= AAS} FX ;e e A¥E
of ¥ #E AR FoEAN FIH PAE 2 YL
AYE Ao vebon, FTEAL G4 Ao AFH
Z EHAAE AYE A A Ao dEAR
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Az Abolg S AAE A} 1964, 1988, 1994 50) ¥
ofab ARte] o] AAF g AzsA HAHYT. 2
Z2do|go]l & o]FoAA gL AEE AL FGE
F3lo] AA dAslgen, olgx Ag2uolgo] o]Fo]
AR @& NEE A1 AdeHct. 2 At Table 13
7o) I/A(W12)E A9slay BF 8& o]4te] ¢j&o] X
FEAT EF W20 JELS Aslae AF] BF Y48
Z+ AgAdold Hojow, onf AHE Lt Ay
(Park et al. 1999)9lE AR AHo|go] 7}58gT). &7
FREAHNNE T JEE A o] 1003 vge]
FHoE RAEAOH, W6 NG| FHo] ¢ 150802
74 e E AoE Vel

ddclzlel EXlsN ME

71% AE7F Qe 195435E 1998d7A 9] dEAFE
o]g3le] FAHARALE AU} (Table 2). d4d F
#E2F Holg Yehle FFugEs 0.159~0.2782 et
ge, ol tAE e UAkd dgsde Ao 9o
b AR AR WEe] IFy WE, & A5d YoE
E3sta o] 13z AFAUEHA #40] sEE
Ad)71d-e vepE.

Table 1. Number of crossdated cores and estimated tree ages

Stand Number of crossdated Innermost  Estimated
ID cores (trees) years ages
Wi 16 (9) 1901 98~100
w2 20 (10) 1922 76~97
w3 16 ( 8) 1938 61~68
W4 17(9) 1925 74~175
W5 18 (10) 1925 74~176
W6 16 (9) 1852 147~150
w7 19 (10) 1862 137~145
w8 14 ( 8) 1929 70~74
W9 16 (10) 1935 64~69
W10 19 (10) 1933 66~ 69
Wil 18(9) 1952 47~50
W12 11 ( 6) 1922 77~84
W13 18 (9) 1933 66~78
w14 18 (9 1878 121~127
Wwi5 19 (10) 1950 49~ 60
W16 14 ( 8) 1873 126~132
W17 19 (10) 1856 143~149
W18 20 (10) 1942 57~60
w19 20 (10) 1938 61~73
W20 16 (10) 1955 44~48
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Table 2. Summary statistics of residual chronologies

AA% - HAF

Mean Correlation coefficient  Signal Var'iance
Sensi- s to noise explained by
Stand "™ Within-  Between- X first principal

D WY tree(r)  tree(ry) ratio component

(PC-1%)
Wi 0236 .566 407 6.188 465
w2 0.259 592 419 7.218 46.1
w3 0.160 516 193 1.196 31.9
w4 0.247 486 411 2.096 48.2
w5 0278 684 481 7.423 53.7
w6  0.249 652 .508 8.252 56.7
w7 0219 614 416 7.835 46.6
w8  0.236 .669 497 6.923 55.5
w9  0.178 .540 296 1.259 50.9
WwWi0  0.243 .688 .509 11.422 55.1
Wit 0.159 535 .308 0.888 54.0
wi2 0202 .693 .383 3.105 48.4
W13  0.269 658 .633 3.450 61.3
wi4 0230 A75 486 2.835 52.7
wis 0174 451 .332 3.978 41.0
wi6 0.209 .590 327 3.397 41.5
w17 0.159 .580 .381 5.540 43.4
wig 0.171 526 408 6.898 46.0
w19  0.247 .501 412 2.079 51.2
w20 0.194 428 414 1.411 47.8

dobt AT FFE FAYEUY ARARGDE
0.428(W20)~0.693(W12)2.& H# 17t 0.5720)901,
B ABAF()E 0.210(W3)~0.636(WI3)o2 B
b 0.4112 vreldt}. ol Park® Yadav(1998a, b)7}
Zo4zs oz A it AR d7F
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Fig. 2. Cluster analysis by calculating the statistical distance
among stand chronologies.

$}ste] Table 33 Zro] FZ LE} AlAHEE HLE
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oz g2 g xolg Ro|F YUt Fgle 2
EooA AXUEE F7 JA7AX EEs2 Jon A
Wepel BB B&d) A2 glof Jg 1l vd =
& 3 2EY2E WS Aolgd AZE. £¢ g
4N OBE AYREL ¢l kFo] B ol F
e ZxwddA FAd) &ain ApAWo] Faa N
oz AYHoz ¥ w A9 & A7t glou A=
B zod st 2o} Ao vjgiMe FE H
2EF 27 AAeE AL Ao fFA% JAFNe 2
oA 450 molA 870 mo2 Ao $1X|sn, A
wrke] giREo] Waks} Agfolrt.
us ek
29 Hgoz EHY YRS AFAWIES HEY
02X 7+ Yo Adur|g AAs Zzte] JFA)d
e wedeg Feiid (Fig 3). 4 gl AMSE 71F
oz} AR FE BT 197]0)n], 0|8 FAR o A
groe MEEL 528%~569%Z AU o=
zt AFAY ) FAEF] 55%7HFS 7)FUAAE] A
Be & 91e-S ekt 7 A t s 7t
o AE3 7)%9te] BAE Yo wet AFH o2 vu
gk

A1 e AL AT 1YRE A4S 39 197149 7]
o3 d 399 Ao deiMe Hwd &2 Ao 3
S Btk AHAQY v AFL b g B AolE
Holx glom, A% Fde 9 gy E Wi F30t
BT 2 2% AT $946d doiMe BE g W
o] 95% /9 FEE WEAINA EFon, 71FAA
ols) AMdE WMEIFT 528%2 7P vtk Ale
73oq] glojA WEE Ao FAS HolT low, 7]
el e AdE 89, 10934 2 39 deirt e &
AE Btk 53 599 7ol dAME 95% FEAA
fost Ao FAES Holx glo] BRI Bt A
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Table 3. Comparison of topographical characteristics among clusters

GIS 71§ & o] 88 AoHst 27

2A% 044 79 29

Cluster T Cluster 1 Cluster I Cluster IV
d W1, W2, W4, W5, W6, W7, W3, W9, W11, W15, W16,
Stands w20 W10, W13, W14, W19 W8, wiz W17, Wis
430 305~ 580 370~380 450~ 870
Elevation (m) - - .
lower elevation higher elevation
Aspect north mostly, south to southwest
Slope gentle slope very stiff and near in valley moderately stiff,
characteristics rocky slope upper slope
LUSTER 1
0.3¢ 0.3(5LUSTER 2 _
0.2E g i
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Fig. 3. Response functions of four clusters. Y axis: Regression coefficient converted to normalized indices, X axis:
The months of climate variables from previous August to current September.
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Fig. 4. Geographical distributions of 4 clusters.
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Analysis of Heterogeneous Tree-Ring Growths of Pinus
densiflora with Various Topographical Characteristics
in Mt. Worak Using GIS

Seo, Jeong-Wook, Jesu Kim and Won-Kyu Park
School of Forest Resources, Chungbuk National University, Cheongju 361-763, Korea

ABSTRACT: To analyze the relationship between climatic factors (monthly temperatures and
precipitations) and the radial growths of Pinus densiflora with different topographical settings in
Worak National Park, Korea, 20 stands were chosen and 10 trees were selected from each stand.
After crossdating, each ring-width series was double detrended (standardized) by fitting first a
negative exponential or straight regression line and secondly a 60-year cubic spline. The growth
patterns coud be categorized by four groups using cluster analysis. Cluster I stand has north as-
pect, but others have south or southwest aspects. Cluster I (one), cluster II (ten), and cluster I
(two) stands are located in lower elevation (305~580 m), however, cluster IV (seven) stands are
located in higher elevation, mostly in 560~870 m. Cluster I and Il stands are located at similar
elevation with the same aspect, however, cluster II stands are located on more rocky and stiff
slope with shallow soil depth. The response functions were used to examine the difference in the
relationships between climatic factors and tree growths among the 4 cluster chronologies. The cli-
matic factors are not limiting the growth in the cluster I stand as highly as in other cluster plots
because of rather mesic conditions in the north slope. The precipitation in the spring appears to be
the main limiting factor in the cluster II stands. The topographical characteristics of the sites of
cluster I, shallow soil depths on the rocky slope in the south aspect at lower elevation, may en-
hance the sensitivity of growth to moisture stress. In cluster I and cluster IV, winter and spring
temperature prior to the growth become more important than for cluster II. This pattern is com-
mon for Pinus densiflora trees growing in higher elevation (=800 m) in South Korea. It may be re-
lated with preconditioning effects of temperature as the temperature decreases with increasing elev-
ation (cluster IV) or in the valley (cluster I). The results obtained by tree-ring analysis were
digitalized by GIS and spatio-temporal information on tree-ring data and topographic setting were
analyzed and displayed simultaneously. The results of this study can be used to predict the future
change of Pinus densiflora ecosystem to climate change expected in central Korea.

Key words: Climate change, Cluster analysis, Dendrochronology, GIS, Korea, Multiple regression,
Pinus densiflora, Response function, Spatio-temporal heterogeneity, Tree growths




