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Abstract: This study was conducted to predict the changes of yearly productive area distribution for Quercus
mongolica under climate change scenarios. For this, site index equations by ecoprovinces were first developed
using environmental factors. Using the large data set from both a digital forest site map and a climatic map, a
total of 48 environmental factors including 19 climatic variables were regressed on site index to develop site
index equations. Two climate change scenarios, RCP 4.5 and RCP 8.5, were then applied to the developed site
index equations and the distribution of productive areas for Quercus mongolica were predicted from 2020 to
2100 years in 10-year intervals. The results from this study show that the distribution of productive areas for
Quercus mongolica generally decreases as time passes. It was also found that the productive area distribution
of Quercus mongolica is different over time under two climate change scenarios. The RCP 8.5 which is more
extreme climate change scenario showed much more decreased distribution of productive areas than the RCP
4.5. Tt is expected that the study results on the amount and distribution of productive areas over time for
Quercus mongolica under climate change scenarios could provide valuable information necessary for the policies
of suitable species on a site.
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Figure 1. Ecoprovince classification of all forests in South
Korea.
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Table 1. Topography, soil, and climate variables used in this study.

Variables Variable Name Variables Variable Name

X, Topography X,s  Soil Moisture in Horizon A

X, Climatic Zone X, Soil Moisture in Horizon B

X Parent Rock X5, Soil Consistency in Horizon A

X, Soil Drainage X, Soil Consistency in Horizon B

X Slope X,,  Distance to the Coast

X Altitude X5  Annual mean temperature

X, Sedimentary Type X5, Annual maximum temperature

X Erosion State X;,  Annual minimum temperature

X, Relief X5, Warmth index

X0 Aspect X5, Coldness index

X Available Soil Depth X;s  Index of aridity

X Rock Exposure X5 Annual total precipitation

X3 Ratio of Valley to Hill X7 Monthly mean of precipitation

X Wind Exposure X;s  Total precipitation for the growing season

Xis Weathering Degree X5, Total precipitation for 3 months in the early growing season

X Soil Type X,,  Total precipitation for 5 months of non-growing season

X, Soil Depth in Horizon A X, Monthly mean of sunshine duration

X Soil Depth in Horizon B X,  Annual sunshine duration

X Soil Color in Horizon A X,  Total sunshine duration for the growing season

X5 Soil Color in Horizon B X,  Total sunshine duration for 3 months in the early growing season
X5 Organic Matters in Horizon A X,s  Monthly mean of relative humidity

X5 Organic Matters in Horizon B X, Monthly mean of relative humidity for 3 months in the early growing season
X5 Soil Texture in Horizon A X,;  Monthly mean of relative humidity for the growing season

X Soil Texture in Horizon B X Monthly mean of relative humidity for 5 months of non-growing season
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Table 2. Parameter estimates of site index model.

Model

AChapman-Richards model
—bt7c
_ 1-e
]
1-e
. Parameter Estimates
Species
b c
Quercus mongolica 0.0342 0.9241

SI=site index, H,=height of dominant trees, #= stand age, 7= index
age(30), b, c=regression coefficients to be estimated.
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Table 3. Regression coefficients of site parameters to environmental variables by ecoprovince based on fit data set.

Ecoprovinces n Estimated equation of forest productivity R?
Mountainous 4,845 S1=24.6498-0.2416*X,,-0.3379*X,.—0.2409*X,,+0.0019*X,,—0.1858*X 0.36
Southeastern hilly 78 SI=86.9863-0.5735*X,.~1.0955*X,,—0.1272*X,,-0.8756*X,,, 0.47
Southwestern hilly 254 SI=8.1459-0.1899*X,+0.1035*X,,+0.0590*X,,+0.0004*X ,+0.0829*X ,, 0.35
Central hilly 567 SI=7.8247-0.8980%X,,—0.8019%X ,,-0.4043*X ;,+0.0149* X, +0.0137*(X s *Ln(X,5)) 0.50
Coastal 1,147 SI=27.5599-0.6175*X,-1.0461*X,.-0.2226%X,,+0.0273*X,,—0.2226*X 043
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Table 4. Evaluation results of the estimation ability based on
the test data set for site index equations by ecoprovince.

Ecoprovinces n MD SDD SED
Mountainous 2,077 0.0185 1.8189 1.8189
Southeastern hilly 33 04672  2.1741 2.5164
Southwestern hilly 105 -0.2305 1.7752 1.7582
Central hilly 243 02045 23177 23267
Coastal 491  0.0088  1.9033 1.9033
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Table S. The final regression equations developed for the site index estimation by ecoprovince.

Ecoprovinces n Estimated equation of forest productivity R?

Mountainous 6,922 SI=25.2934-0.2562*X ,-0.3219*X,.-0.2318*X,,+0.0018*X,, -0.1929*X 0.36
Southeastern hilly 111 SI=101.0547-0.3083*X,,—1.5547*X,,—0.1474*X,,-1.0411*X 0.43
Southwestern hilly 363 SI=3.4351-0.1263*X,+0.1032*X,+0.0110*X,,+0.0012*X,,, +0.0690*X ., 0.39
Central hilly 810 SI=7.8147-0.8850*X,,—0.8335%X,,—0.3468*X,,+0.0198*X ,,+0.0133*(X ;*Ln(X,;))  0.49
Coastal 1,638 SI=26.8439-0.4731*X,—0.9598*X,.-0.2186*X,,+0.0275*X ,,—0.2215*X 0.41
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Table 6. Estimation of productive areas for Quercus mongolica based on the site index equations and climate change scenarios.

RCP 4.5 RCP 8.5
Year Polygon(n) Area(Ha) Rate(%) Polygon(N) Area(Ha) Rate(%)
Current 60,929 1,146,181 20.5 61,929 1,146,181 20.5
2020 44,551 868,803 15.5 33,951 660,231 11.8
2030 37,858 743,920 13.3 21,864 448,537 8.0
2040 28,767 573,459 10.2 16,521 340,680 6.1
2050 23,063 466,010 83 11,697 247,195 4.4
2060 18,811 384,203 6.9 9,727 210,790 3.8
2070 11,965 254,532 4.5 7,165 159,570 2.8
2080 10,897 234,576 42 4,558 102,559 1.8
2090 8,093 174,253 3.1 3,005 69,715 1.2
2100 6,717 146,376 2.6 1,916 44,385 0.8
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Current 2030

Figure 2. Comparison of yearly distribution for the productive
areas of Quercus mongolica by RCP 4.5.

Current 2030

Figure 3. Comparison of yearly distribution for the productive
areas of Quercus mongolica by RCP 8.5.
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