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ABSTRACT

This study was conducted to analyze the relationship among climatic factors and radial growth of
Pinus koraiensis in South Korea. To determine climate-growth relationships, cluster analysis was
applied to group climatically similar surveyed regions, and dendroclimatological model was developed
to predict radial growth for each climate group under the RCP 4.5 and RCP 8.5 scenarios for
greenhouse gases. The dendroclimatological models were developed through climatic variables and
standardized residual chronology for each climatic cluster of P koraiensis. 2 to 4 climatic variables
were used in the models (R? values between 0.35~0.49). For each of the climatic clusters for Pinus
koraiensis, the growth simulations obtained from two RCP climate-change scenarios were used for
growth prediction. The radial growth of the Clusters 2 and 3, which grow at high elevation, tend to
increase. In contrast, Cluster 1, which grows at low elevation, tends to decrease with a large
difference. Thus, the growth of Pinus koraiensis, which is a boreal species, could increase along with
increasing temperature up to a certain point.
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Table 1. General descriptions of surveyed region for Pinus koraiensis stands

Altitude

Slope Mean DBH Mean Height

Region No. of plot No. of core (m) ©) (cm) (m) Age
Gapyeong 5 18 226~646 5~29 34.5~54.3 16.9~24.0 33~74
Gwangneung 8 104 125~665 11~35 24.8~49.9 15.5~27.1 32~80
Namwon 3 39 830~980 16~35 20.0~35.7 14.9~19.7 33~48
Sancheong 3 23 777~887 16~35 26.2~44.3 15.4~23.1 61~71
Chuncheon 4 12 260~520 5~32 32.4~49.4 17.2~22.9 34~68
Hongcheon 5 45 277~555 10~27 24.5~51.3 22.6~30.0 32~76
Mt. Seorak 4 18 1200~1600 15~35 15.4~31.5 12.1~26.3 46~212
Mt. Odae 5 24 1256~1323 20~41 15.5~51.1 9.1~143 33~240
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Noise Ratio), Tl tigh | At)7]e] AsA=E
Vel = 2441537 (Expressed Population Signal)yS-
A ChFritts, 1976; Wigley et al., 1984; Cook
and Kairiukstis, 1990; Seo, 1999).

2.22. 71FAR

AFANE Aol QoA 7IFAEE A SF4
o] AAF R 2347} gl A7A] ATEE
g 4 dar 2lFAo] we AAFHIS AHEIT
(Fritts, 1976). ¥ 7= dde] 7P A= A
We g9 E 9= 997M4] 1471€e] LEaiv]e,
Y= o] 7IRES A7)0 vIAAYE RS 34
N 71 Al 9] AGBHES ARSI
(Table 2). Al ©9]9] YHu7lea} 72 71
Aol B2=EE dlolH =z AE3 dxro] di y1es
S GISZE2T3 ArcGIS 1017 EAZE 73
R 3.0.15 o]-&3lo] Akt

22.3. 7123 4

AT ZARA S 719 B4S vl o g s AL
Aol w2 Il RoE BRIt ZF #ue
TR T o)FAS PolEy] flste] FE

Table 2. Climatic variables

(Cluster analysisys HAISIHT AIEF= 2+ =
AR e] duqtrled 9gES EETRE A
(Euclidean distance)2 2H2ksled E-F3ITE £ Aol
A mEe] AFAE BISkE diSslr] flete] v

2 B8 BRE 71T ARAU)E ol8aic.

224. AE7153H 29 g

7158} AFAEE] A EAE AAlst 7]
sl wg AT 5S flak] A&
2 NS, ABFI B 7 FUEE S
WHEZ ARESI] GAIA 3] (Stepwise regression)i-
Ao 715 AFAE WAAS A3ekth(Fritts and
Xiangding, 1986). 71EHGFE Alolol] EAsh= v
TR LA (VIF)E AME38t AlAS A
ST AR 44 F42] Dol AREEA
B 7R AEAUTIE olgsl I ARE AS
Stk A HSS A% Wt FARe 2y 5
ZJH 2] (model's estimation bias), =8| % (model's
precision), 2]l S|l gk Qx}o| HHs}
(mean square error type of measure)d] EHO| X
ZF=Q2Fo|th(Shin, 1990; Arabatzis and Burkhart, 1992;
Shin et al., 1996).

225 3R] BE 84 42
Fslol The S e WalE 2 ol

Var. Description Var. Description

Cl Mean temperature of Prior Aug. Ci18 Precipitation of Prior Aug.

C2 Mean temperature of Prior Sep. C19 Precipitation of Prior Sep.

C3 Mean temperature of Prior Oct. C20 Precipitation of Prior Oct.

Cc4 Mean temperature of Prior Nov. C21 Precipitation of Prior Nov.

C5 Mean temperature of Prior Dec. C22 Precipitation of Prior Dec.

Co Mean temperature of Current Jan. C23 Precipitation of Current Jan.
Cc7 Mean temperature of Current Feb. C24 Precipitation of Current Feb.
C8 Mean temperature of Current Mar. C25 Precipitation of Current Mar.
C9 Mean temperature of Current Apr. C26 Precipitation of Current Apr.
C10 Mean temperature of Current May. C27 Precipitation of Current May.
Cll Mean temperature of Current Jun. C28 Precipitation of Current Jun.
C12 Mean temperature of Current Jul. C29 Precipitation of Current Jul.
C13 Mean temperature of Current Aug. C30 Precipitation of Current Aug.
Cl4 Mean temperature of Current Sep. C31 Precipitation of Current Sep.
C15 (C1+C2+C3)/3 C32 (C18+C19+C20)/3

Cl6 (C4+C5+C6+CT+C8)/5 C33 (C21+C22+C23+C24+C25)/5
C17 (C9+C10+C11+C12+C13+C14)/6 C34 (C26+C27+C28+C29+C30+C31)/6
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Table 4. Summary characteristics of correlation analysis, SNR
and EPS of Pinus koraiensis for each region

Correlation
coefficient
Region SNR EPS
Within  Between
tree(ry;)  tree(ry;)
Gapyeong 0.640 0.458  13.520 0.934
Gwangneung  0.536 0.236 8.031 0.937
Namwon 0.463 0.244 8.714 0.912
Sancheong 0.444 0.237 4.659 0.853
Chuncheon 0.559 0.203 2.802 0.742
Hongcheon 0.662 0.227 9.103 0.906
Mt. Seorak 0.732 0.204 4.101 0.808
Mt. Odae 0.689 0.190 5.160 0.840
Mean 0.591 0.250 7.010 0.867

SNR : Signal to noise ratio
EPS : expressed population signal

Ao Z VERITH(Table 4).
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Table 3. Summary statistics of the index chronology for each region

. Mean tree-rin Mean 1™ auto-
Region Span growth (mm)g b Sensitivity correlation
Gapyeong 1934-2007 4.43 242 0.610 0.099
Gwangneung 1924-2010 2.77 1.37 0.346 -0.021
Namwon 1963-2008 3.60 1.95 0.398 -0.062
Sancheong 1939-2008 3.05 1.72 0.376 0.079
Chuncheon 1962-2008 4.52 1.67 0.625 -0.005
Hongcheon 1938-2009 3.20 1.74 0.360 0.041
Mt. Seorak 1797-2008 2.04 1.17 0.192 -0.047
Mt. Odae 1778-2009 1.43 0.66 0.184 0.001
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Fig. 1. Dendrogram of each region by cluster analysis.
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Table 5. Regression prediction equations of growth index
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Species Cluster* No. Regression prediction equations R?
) 1 33 GI=1.4132-0.0285 - C10-0.0007 - C25+0.0005 - C30 0.49
kof;?:}jsis 2 32 GI=0.8256+0.0101 - C4+0.0075 - C10+0.0009 - C23+0.0002 - C26 035
3 31 GI=0.6320+0.0368 - C9-0.0004 - C19 0.38
*Cluster information refers to Fig. 1.
Climatic variables information refers to Table 2.
Table 6. Verification result of regression prediction equations
Species Cluster* No. Year MD SDD SED
1 27 1951~1977 -0.0134 0.1018 0.1026
Pinus koraiensis 2 27 1951~1977 -0.0300 0.0707 0.0768
3 27 1951~1977 0.0315 0.0969 0.1019

MD : Mean Difference

SDD : Standard Deviation of Difference
SED : Standard Error of Difference
*Cluster information refers to Fig. 1.
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Fig. 2. Rate of change growth index of Pinus koraiensis
according to RCP 4.5 and RCP 8.5.
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Table 7. Rate of change growth index of Pinus koraiensis according to RCP scenarios

. RCP Change rate of Growth index(%)
Tree species  Cluster* .

scenarios 2020 2050 2070 2100
1 4.5 -5.7 -4.0 -85 -11.6
8.5 +8.3 +0.2 -183 -29.6
Pinus 5 4.5 +0.6 +2.3 +4.0 +7.9
koraiensis 8.5 0.0 +2.8 +5.4 +13.1
3 4.5 +0.9 +7.1 +1.2 +14.7
8.5 +5.7 +4.4 +16.1 +22.4

*Cluster information refers to Fig. 1
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Table 8. Climate Normal data and Predicted data of Climatic variables in Regression prediction equations of growth index

RCP Climatic Year
. Cluster* .
scenarios variables Current 2020 2050 2070 2100
C10(Current Temp. May) 15.8 17.8 18.5 18.0 18.1
1 C25(Current Prec. Mar.) 63.7 65.8 58.8 53.4 56.7
C30(Current Prec. Aug.) 171.2 117.0 199.8 188.6 185.1
C4(Prior Temp. Nov.) 1.6 1.5 34 3.1 4.1
4.5 5 C10(Current Temp. May) 13.2 15.1 15.9 15.6 15.5
C23(Current Prec. Jan.) 27.1 32.6 24.3 39.6 21.4
C26(Current Prec. Apr.) 128.3 139.7 127.6 105.5 88.2
3 C9(Current Temp. Apr.) 10.4 11.0 12.2 12.2 12.8
C19(Prior Prec. Sep.) 108.7 62.3 57.6 93.8 148.1
C10(Current Temp. May) 15.8 16.3 18.9 19.7 21.1
1 C25(Current Prec. Mar.) 63.7 57.4 67.9 60.1 122.8
C30(Current Prec. Aug.) 171.2 244 .4 170.5 80.2 83.4
C4(Prior Temp. Nov.) 1.6 2.1 5.7 5.3 8.9
8.5 ) C10(Current Temp. May) 132 142 16.3 17.2 18.3
C23(Current Prec. Jan.) 27.1 29.9 46.5 8.5 59.4
C26(Current Prec. Apr.) 128.3 98.1 127.4 83.8 1223
3 C9(Current Temp. Apr.) 10.4 11.2 11.6 14.4 15.9
C19(Prior Prec. Sep.) 108.7 332 91.4 195.2 93.6

*Cluster information refers to Fig. 1
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