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Abstract: This study was conducted to analyze the effect of climate change on the tree-ring growth of Pinus
koraiensis in Korea. Annual tree-ring growth data of P. koraiensis collected by the 5" National Forest Inventory
were first organized to analyze yearly growth patterns of the species. When tree-ring growth data were analyzed
through cluster analysis based on similarity of climatic conditions, five clusters were identified. Yearly growing
degree days and standard precipitation index based on daily mean temperature and precipitation data from 1951
to 2010 were calculated by cluster. Using the information, yearly temperature effect index(TEI) and precipitation
effect index(PEI) by cluster were estimated to analyze the effect of climatic conditions on the growth of the
species. Tree-ring growth estimation equations by cluster were developed by using the product of yearly TEI
and PEI as independent variable. The tree-ring growth estimation equations were applied to the climate change
scenarios of RCP 4.5 and RCP 8.5 for predicting the changes in tree-ring growth by cluster of P koraiensis
from 2011 to 2100. The results of this study are expected to provide valuable information necessary for
estimating local growth characteristics of P. koraiensis and for predicting changes in tree-ring growth patterns
caused by climate change.
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g 7)1F e oy, FEZAL JAES HEAUE IHE
GFol AA 28T Rt o2} o] K58 Aol
AF S E3MA 71tk (Larsen, 1963).

b

R SeueE dEsks AGFEoR, YA
o) W F3) 71, 2
o] 452 71 FHsle) Yeroe Js
& 71505} Ho} YA RS 10050] EFHH)
T}(National Institute of Forest Science, 2014). 7]%
2 QI3 Ao v HAslskeH 29 71 $st
redetar w715 stke] JES Brtste] 2 A
Ag A utde] F st} ol & fsixe s
Az 71 5R1xkeke] AAE s 2ol A
=3
o] AFAES A7 715 B sdwstel Uy
< 7HRIBR 7|$¥ste] ik e YR E AT
HoH(Choi et al., 1992). 5<%t AFAET} 7] 5-2e] B4

TH8t] f13 kst A7t FREH ghed, 2
o] 715137} A3 ol vl G 2ol wE
k= FHst7] S8l thde T FH IS A 9SO
Z dAFEo] YEo] gh(Berges et al., 2005;
Nakawatase and Peterson, 2006; Albert and Schmidt,
2010). F2ivtete] A9 AEAgT 71507k AAlE
A AT FE 54 AYelA A4 R A5l 2
At AR 7] Fster AFEAF] AAE BEe] 43
St AT AR Aol ARHo|tk(Park et al., 2001;
Seo and Park, 2002; Son et al., 2011).
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(1) BERFATe) 4%

McKee et al.(1993)2 7Ma< Aol RUHHE &3
o2 ANMZE Mde 7FrEAGl EF745A 5 (Standard

Table 1. Ranges of growing degree days appropriate for the
distribution of Pinus koraiensis.

. Growing Degree Days
Species -
Total Range Optimal Range
P, koraiensis 647.6~3,731.4 1,387.7~2,497.9
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Table 2. Classification system of Standard Precipitation
Index(SPI).

SPI Classification SPI

Classification

20< Extremely Dry  1.0~1.49 Moderately Wet
-1.99~-1.5 Severely Dry 1.5~1.99 Very Wet
-149~-1.0 Moderately Dry 20< Extremely Wet
-0.99~0.99  Near Normal

Precipitation Index; SP)E 713ttt B A5 530
SPI= o]dol 7iee v 7hEA| e HlaLste] 79
AR FeE st U skt AAE A3E A
A= Ao Z BAE Y tH(Hayes et al., 1999; Szalai and
Szinell, 2000; Lloyd-Hughes and Saunders, 2002; Colorado
Climate Center, 2004). EF7+5A| = 54 99 7+
o] 7l FAgEt ol o) 2 dHE vk ARl 2
Aste] Zvl FHIGEREE EFYFEEE MBS A
o7 304 37kA] o] ’IfleM 3 ZHe A5 tH(Thom,
1966). A THEES] A9 H+to] 0
o]7] wjol] ofH A Fex 54 7|7k Fte] A
AL TFAAE Fo 2 FdE = EEETATE el
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= 578 717 st A FRERAE ok
Z710] we} Table 29t 7Fo] 7T 5 ATHMcKee
et al., 1993).
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Table 3. Standard Precipitation Index and its camulative probability.

SPI Cumulative Probability SPI Cumulative Probability SPI Cumulative Probability
-3.0 0.0014 -0.5 0.3085 2.0 0.9772

2.5 0.0062 0.0 0.5000 2.5 0.9938

2.0 0.0228 0.5 0.6915 3.0 0.9986

-1.5 0.0668 1.0 0.8413

-1.0 0.1587 1.5 0.9332

GI=by+b,(MyxMp) (3)
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Figure 1. Spatial distribution of Pinus koraiensis based on
climate cluster analysis.

Q1 zpo] & Kol l=d], o= A# A 2 AFH =
7ol ofgt 7] 5x27e] Ao| 2 AT = ok s A
A0l SAE AlE 719 FHENS B8l £FE S
Mol 32 +HE 7155A8S & vdste o= g9l
= AT
2. METQI 2ogX|go| A= o}

1) A= A=Y A=

st AYr SolA SEvEE ddstke a4
Zo g d#A e, Yim(1977)8] Badl] o & &g
A gol] AT U] HA S99 A ASH S
= Hw 3 Yo Holth(Table 1). 2B 570 - thgh
AAEALS 1951FGHE 201087H4] 60\ BoF Axw
2 2k&ek A 7 o AP A A net Al



2§ mN 3O

of

==

or oY (% o o N W

715057} Sh o) ARA ] H A e B4 355

GDD

1,000
500
1951 1961 1971 1981 1991 2001
Year
—®&— : Cluster 1 —=o— : Cluster 2 —4— : Cluster 3
—e— : Cluster 4 —&— : Cluster 5 —— :Whole Range
----- : Optimal Range
Figure 2. Changes of yearly growing degree days by cluster of Pinus koraiensis.
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Figure 3. Changes of yearly temperature effect index by cluster of Pinus koraiensis.
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Figure 5. Changes of yearly precipitation effect index by cluster of Pinus koraiensis.

Table 4. Results of final tree-ring growth estimation equations by

cluster of Pinus Koraiensis.

Regression Coefficients

Cluster b, b r
1 0.9160 0.2259 0.29
2 0.8677 0.2408 0.44
3 0.9494 0.1453 0.51
4 0.8911 0.1711 0.31
5 0.9427 0.1500 041
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I3 HhE o

Table 5. Comparison of periodic tree-ring growth index estimates by cluster of Pinus koraiensis based on climate change

scenarios.
; Estimates of mean tree-ring growth index
Cluster 19812010 Climate Change £e
Scenario 2011~2040 2041~2070 2071~2100

4.5 1.0081 0.9806 0.9878

1 1.0488
8.5 0.9919 0.9703 0.8701
) 09494 4.5 0.9254 0.8933 0.8735
’ 8.5 0.9050 0.8626 0.7170
3 10170 4.5 1.0177 1.0061 1.0263
’ 8.5 1.0071 1.0100 0.9875
4 0.9642 4.5 0.9527 0.9357 0.9406
’ 8.5 0.9453 0.9269 0.8612
5 10149 4.5 1.0042 0.9918 0.9967
’ 8.5 0.9909 0.9843 0.9368




358 B 210598 A 335 (2016)

715rske] Awrt v RCP 458 2
28 Aelgh YA w3l = 712k

=
=
AERZA g Habrt 719 Qle Aoz E4EH3U

[V}
S
=
rL
o
S
S
rL
=2
rr
19
~
(o))
X
o
o
o
[N
o
rr
pa)
[o
fiu
2
N

wof HlwA 22 Wyl g AR A v
o 718iste] Aw=rt E& RCP 855 #8351 i
of FHolA 2 Fo] AL ATE o dE =, 53] nhA
2 717091 2071 ~21008d 9] AFAE 7Hart o) 717h
Bt} G4 F 2102 o=t ket Al 3
3& Al9lsE AR FHEE 8~23% F=o] AFHY

£ A3 3% o] AR 2X = Ao= Frt
H Aok 7158k Ay o) o)t AlZte] A=
7|2 AEH o7 AFelAt e A Holrt
Alsk Ao 2 E-4 = o](National Institute of Forest Science,
2015) o] 9] o 2pgol o a3t Al A
Hslol] HhdE Ao 2 JE )

9

e
re
g
o Mr
%
i
o
Mo
e
R
8
o
=
o
(o
i
N
T
o
X
2

o
>,
o
N
==
o
ot
ol
ol
fd
L
ft ol
o,
N

ol Mu
oz mN

e j"“
s
2,
E=) il
32 Koo b ox g il

N
B
Yoty o
o o
) gn

O
= g

[o3

il

:Jd
K
=)
(i
e
M
ox
o)
o
E B
)
)
2 L
i\ V)
& fo
(i)

o >
" 3
PR
N
e
e
T
<5
o, [
ooz
S
N
flo

>«
z b
»-U—l—‘
#rlr
Lh>\]
T o
0

ML
25
D
[o2e]
i

g
el
0%

pay)

o

fru
T
o,
XL
+
o
RJ
2 o
N,
o o |

o
oo
ek
o
4
>
e
ol
i)
=2

)

)

o]
AO R o ZE . o] 7]
U] Q¥ 2 2po]E HolEd)|, RCP 4.59]
HE2 & ARt glo] AFAge] e
S Hole o= AT skARE RCP

A8 749 20601 o] Foll= AR & o] 5
2hs HoliA AaAde] A% Ao Z e

~20607HA] = F AUl L

o

-

o ﬁiu L
5
Og
AP
_);1_14
o,
~
A
1o
e
e
N
2
AN il

=
e
1o
Q

f
o,
T
=

r

o 2 r
o%

¢

T
!
e

9] Zfo]7} 4
2A JeRd
b e
7V E RoR

ol A1 ¥

o,
Ar)
zl
o,
o
rlo
N
N,
Y
N, N
—1ol| ﬁ
%
o i
b
o
ﬁ
b

4 Fl
s0
i 4
g
(&
1)

T

b

fl -

Lo
2o 4y

o2
o2t
o
O

12
9
o £
=
e
=
!

g 2
M
oz
Lo
o
X

i)
2 rr
BN
2=
)
=
o3l
o
12
=2
1B
Ol
FE
[
N

& 2, A3 FHT Aol AT MRt Lol
AWLET e 2R Aol /s A% 4G
a7k He o 259t olelst A%t 7)1 5Hs
Atel o] B4t o] k. /15 Wsh Al oM
Qo] Aol YA 718 A7ke] R4S %20
2 A5aAR, 25REe Al wolzh AN x| v
o

o)

g

A BloluA] @71 witel &
F =AUt

2 =2 20159 SHAME IS 71 HsHAlE flE
AFIA AFN Aol ok F8 FFo] B 7]k
A 2APAT A dFEYUTh AE] Xl AL
=Y

References

Albert, M. and Schmidt, M. 2010. Climate-sensitive model-
ling of site-productivity relationships for Norway spruce
(Picea abies (L.) Karst.) and common beech (Fagus syl-
vatica L.). Forest Ecology and Management 259: 739-
749.

Berges, L., Chevalier, R., Dumas, Y., Franc, A., and Gilbert,
JM. 2005. Sessile oak (Quercus petraea Liebl.) site
index variations in relation to climate, topography and
soil in even-aged high-forest stands in northern France.
Annnals of Forest Science 62: 91-402.

Bourque, C.P.A. and Hassan, Q.A. 2008. Projected impacts of
climate change on species distribution in the Acadian for-
est region of eastern Nova Scotia. The Forestry Chroni-
cle 84(4): 553-557.

Botkin, D.B., Janak, J.F., and Wallis, J.R. 1972. Some conse-
quence of a computer model of forest growth. Journal of
Ecology 60: 849-873.

Choi, JN., Yu, K.B., and Park, WK. 1992. Paleoclimate
reconstruction for Chungbu Mountainous Region using
tree-ring chronology. The Korean Journal of Quaternary
Research 6(1): 21-32.

Colorado Climate Center. 2004. Colorado Climate Center Web
Page. http://ulysses.atomos.colostate.edu/standardizedpre-
cipitation.php

Hassan, Q.K. and Bourque, C.P.A. 2009. Potential species
distribution of Balsam Fir based on the integration of bio-
physical variables derived with remote sensing and pro-
cess-based methods. Remote Sensing 1: 393-407.

Hayes, M., Wilhite, D., Svoboda, M., and Vanyarkho, O. 1999.



7157 shue] 1y

Monotoring the 1996 drought using the standard precipi-
tation index. Bulletin of the American Meteorological Soci-
ety 80(3): 429-438.

Kim, C.R. 2011. SAS Data Analysis. 21th Century Book Co.
pp. 663. (in Korean)

Kira, T. 1945. A new classification if climate in eastern Asia
as the basis for agricultural geography. Horticultural Insti-
tute, Kyoto University, Kyoto.

Kira, T. 1976. Terrestrial Ecosystem: A General Survey. Kyo-
ritsu Publication. Tokyo, Japan. pp. 166.

Korea Forest Service. 2005. A study on the reformation of
national forest inventory system by the changes of domestic
and international conditions(IV). pp 290. (in Korean)

Korea Forest Service. 2012. Tree-ring DB Construction. pp.
299. (in Korean)

Larsen, C.P.R. 1963. Stem form development of forest trees.
Forest Science Monographs pp. 42.

Lim. J.H. 1998. A forest dynamics model based on topo-
graphically-induced heterogeneity in solar radiation and
soil moisture on the Kwanfneung experimental forest.
Ph.D. Dissertation. Seoul National University. pp. 145.

Lloyd-Hughes, B. and Saunders, M.A. 2002. A drought cli-
matology for Europe. International Journal of Climatol-
ogy 22(13): 1571-1592.

Mckee T.B., Doesken, N.J. and Kleist, J. 1993. The relation-
ship of drought frequency and duration to time scales. In
Proceeding of the Ninth Conference on Applied Climatol-
ogy. American Meteorological Society: Boston; 179-184.

Nakawatase, J.M. and Peterson, D.L. 2006. Spatial variabil-
ity in forest growth-climate relationships in the Olympic
Mountains, Washington. Canadian Journal of Forest Research
36(1): 77-91.

National Institute of Forest Science. 2014. Analyzing relation-
ships between annual ring growth of main forest tree spe-
cies and climatic factors. pp. 125. (In Korean)

National Institute of Forest Science. 2015. Relationships
between growth of main tree species and climatic factors
based on tree-ring analysis. pp. 165. (in Korean)

fr

FEF Y 359

gl 7=

Park, WK., Seo, JJW., Liu, Y., Kim, Y.J. and Han, S.W.
2001. Reconstruction of April-August precipitation in Mt.
Sorak region from tree rings. The Korean Journal of Qua-
ternary Research, 15(1): 47-52. (in Korean with English
abstract)

Sander D. H. 1971. Soil properties and siberian elm tree growth
in Nebraska wind-break. Soil Science. 112(5): 357-363.
Seo, J.W. and Park, W.K. 2002. Reconstruction of May pre-
cipitation (317 years: AD 1682-1998) using tree rings of
Pinus densiflora S. et. Z. in western Sorak Mt. The

Korean Journal of Quaternary Research 16(1): 29-36.

Son, B.H., Kim, J.H., Nam, TK., Lee, K.H., and Park, WK.
2011. Species identification and tree-ring analysis of
wood elements in Daesungjeon of Jipyeong Hyanggyo,
Yangpyeong, Korea. Mokchae Konghak 39(3): 213-220.

Speer, J.H. 2010. Fundamentals of tree-ring research. Univer-
sity of Arizona Press. pp. 368.

Szalai, S. and Szinell, C. 2000. Comparison of two drought
indices for drought monitoring in Hungary — a case study.
In Drought and Drought Mitigation in Europe, Vogt JV,
Spmma F (eds). Kluwer: Dordrech. pp. 161-166.

Thom, H.C.S. 1966. Same methods of climatological analy-
ses. World Meteorological Organization, Geneva, pp. 53.
Woodward, F.I. 1987. Climate and Plant Distribution. Cam-
bridge University Press. Cambridge, England. pp. 174.
Woodward, F.I. and Rochefort, L. 1991. Sensitivity analysis
of vegetation diversity to environmental change. Global

Ecology and Biogeography Letters 1: 7-23.

Wu, H., Hayes, M, Wilhite, D.A., and Svoboda, M.D. 2005.
The effect of the length of record on the standardized precipi-
tation index calculation. International Journal of Climatol-
ogy 25: 505-520.

Yim, Y.J. 1977. Distribution of forest vegetation and climate
in the Korean peninsula. III. Distribution of tree species
along the thermal gradient. Japanese Journal of Ecology
27:177-189.

(Received: August 11, 2016; Accepted: September 1, 2016)



