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ABSTRACT

The main purpose of this study is to estimate tradial growth response and to predict the potential
spatial distribution of major tree species(Pinus densiflora, Quercus mongolica, Quercus spp. Casta-
nea crenata and Larix kaempferi) in South Korea, considering climate and topographic factors. To
estimate radial growth response, 5" National Forest Inventory data, Topographic Wetness Index
(TWI) and climatic data such as temperature and precipitation were used. Also, to predict the po-
tential spatial distribution of major tree species, RCP 8.5 Scenario was applied. By our analysis, it
was found that the rising temperature would have negative impacts on radial growth of Pinus densi-
flora, Castanea crenata and Larix kaempferi, and positive impacts on that of Quercus mongolica,
Quercus spp.. Incremental precipitation would have positive effects on radial growth of Pinus den-
siflora and Quercus mongolica. When radial growth response considered by RCP 8.5 scenario, it
was found that the radial growth of Pinus densiflora, Castanea crenata and Larix kaempferi would
be more vulnerable than that of Quercus mongolica and Quercus spp. to temperature. According to
the climate change scenario, Quercus spp. including Quercus mongolica would be expected to have
greater abundance than its present status in South Korea. The result of this study would be helpful
for understanding the impact of climatic factors on tree growth and for predicting the distribution of
major tree species by climate change in South Korea.

Key words : Climate Change, Radial Growth, Major Tree Species, Potential Vegetation Distribu-
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Table 1. Descriptive statistics of size, topographic and climatic factors in sample plots by tree species

Age Size Topography Climate
: Radial
Species %9 pBH Height | Elevation | Slope Temperature | Precipitation
(year) | Growth o TWI .
(cm) | (m) (m) ©) () (mm)
(mm)
Mean 339 2.1 20.0 11.0 311 28.4 5.8 11.4 1,291
pinus | Min. | 150 | 03 | 60 | 22 10 40 | 38 5.1 987
densiflora | Max. | 1190 | 65 | 750 | 365 1,174 | 500 | 11.0 14.9 2,093
Std 11.6 0.9 8.3 3.5 184 9.1 1.0 1.7 149
Mean 36.8 1.8 16.4 10.9 562 33.1 55 9.3 1,243
Ouercus | Min. | 150 | 03 | 60 | 30 23 50 | 40 34 987
mongolica | \ax, 108.0 6.1 58.0 30.5 1,480 50.0 11.3 14.7 1,887
Std 14.4 0.9 6.6 3.0 272 8.3 0.8 1.9 125
Mean 30.7 2.2 16.9 11.7 322 30.3 5.7 11.2 1,287
Ouercus | Min. | 150 | 03 | 60 | 24 10 40 | 38 56 1,010
Spp. Max. 85.0 6.3 55.0 30.2 1,140 46.0 11.0 14.9 2,093
Std 9.8 1.0 6.3 35 173 9.1 1.0 1.5 134
Mean 31.8 2.5 22.7 17.5 423 28.9 5.7 9.8 1,249
Larix Min. 15.0 0.5 6.0 5.0 40 5.0 4.2 53 1,045
kaempferi | Max. | 75.0 61 | 610 | 363 | 1,110 | 490 | 116 14.3 1,842
Std 8.4 1.0 7.8 4.8 221 9.0 1.0 1.6 96
Mean 26.7 2.9 17.1 10.3 211 249 6.1 11.6 1,332
Castanea | Min. | 150 | 07 | 60 | 29 10 40 | 38 6.8 1,036
crenata Max. 62.0 6.6 44.0 | 22.1 967 47.0 10.3 14.5 1,814
Std 7.5 1.1 6.5 32 135 8.6 1.1 1.2 110

DBH: Diameter at Breast Height, Min: Minimum, Max: Maximum, Std: standard deviation.
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Table 2. The forms of radial growth model(Byun et al., 2013)

Model name

Regression form

Climate factors

eSG=f(TWLT,P) = (3, +f, - TWI+ 3, T+ - P

Radial Growth

“ . age;
Ar, =Ar, .+ !

5

|

eSG )
meSG

age

i—5

r~=radial growth when i year; age/=tree age when i year; TWI=topographic wetness index; 7=annual mean tem-
perature; P=annual precipitation; eSG: estimated Standard Growth; meSG: mean of eSG.
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Table 3. Parameter estimates and statistics for climate factors model of SG
Species Parameter Estimate Std Error t-value Prob>¢|
Intercept 1.849577 0.071798 25.76 <.0001
TWI 0.033409 0.007017 4.76 <.0001
Pinus densiflora
TEM —0.04229 0.004827 —8.76 <.0001
PRE 0.000455 0.000053 8.58 <.0001
Intercept 1.192091 0.107748 11.06 <.0001
TWI 0.041677 0.011157 3.74 0.0002
Quercus mongolica
TEM 0.029905 0.004713 6.35 <.0001
PRE 0.000197 0.0000713 2.77 0.0057
Intercept 1.4934 0.09583 15.58 <.0001
TWI 0.04192 0.00905 4.63 <.0001
Quercus spp.
TEM 0.02482 0.00687 3.61 <.0001
PRE 0.000088 0.00007606 1.16 0.2449
Intercept 3.094949 0.321943 9.61 <.0001
TWI 0.011651 0.022153 0.53 0.599
Larix kaempferi
TEM —0.08996 0.01417 —6.35 <.0001
PRE 0.000197 0.000236 0.84 0.4036
Intercept 2.988744 0.333025 8.97 <.0001
TWI —0.01902 0.022933 —0.83 0.407
Castanea crenata
TEM —0.08362 0.026773 —3.12 0.0018
PRE 0.00053 0.000293 1.81 0.071
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Fig. 1. Standard Growth(SG) and estimated Standard Growth(eSG) using Climate factors model.
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Fig. 2. Clouds of observed and estimated radial growth for each species.

Table 4. Statistics on assessment of radial growth model

Species RMSE R?
Pinus densiflora 1.0195 0.80
Quercus mongolica 0.8050 0.83
Quercus spp. 0.9385 0.83
Larix kaempferi 0.9948 0.84
Castanea crenata 1.2868 0.80

RMSE=Root Mean Square Error.
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Fig. 3. Differences of radial growth in present(2010) and future(2050) for each tree species.
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