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Prediction of the Optimal Growth Site and Estimation of Carbon Stocks
for Quercus acuta in Wando Area
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ABSTRACT

This study was carried out to predict the optimal growth site and estimate carbon stocks of Quercus acuta,
evergreen broad-leaved trees in warm temperate zone according to climate change. The criterion for the optimal
site prediction was created by quantification method with quantitative and qualitative data, collected from growth
factors of stands and environmental factors of survey sites of 42 plots in Q. acuta by study relationship between
growth of tree and site environmental factors. A program for the optimal site prediction was developed by using
GIS engine tools. To prediction of the suitable growth site of Quercus acuta, developed program in this study
applied to Wando in Jeollanam-do, distributing a various evergreen bread-leaved trees of warm temperate zone. In
the results from analysis of the optimal site prediction on Q. acuta, the characteristics of the optimal site showed
as follows; site environmental features of class I (the best site class for Q. acuta) was defined as 401 ~ 500 m of
altitude, 21 ~ 25° of slope with above hillside, residual of deposit convex of slope type with west of aspect. The
area and carbon stocks of optimal site prediction by class for Q. acuta in classI showed 147.1 ha (2.5%), total 316.5
tC/ha, total 1,161 tCOy/ha/yr of class I, 2,703.5 ha (46.3%), total 5,817.4 tC/ha, total 21,331 tCO,/ha/yr of classll,
2,845.5 ha (48.6%), total 6,123.0 tC/ha, total 2,845.5 tCO,/ha/yr of classll and 153.7 ha (2.6%), total 330.7 tC/ha, total
1,213.7 tCOy/ha/yr of classlV.

Kew words : Optimal Growth Site, Carbon Stocks, Evergreen Broad-leaved Trees, Warm Temperature Zone, Climate Change.
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Table 1. Forest and meteorological conditions of stand in the surveyed area
No. of Meteorological factors Growth factors
. ) No. of
Species  surveyed plot Annual mean Annual mean Height DBH Age
area temp.(C) precip.(mm) (m) (cm) (cm)
Quercus 10.5 15.0 32.0
acuta 7 42 14.0 1,39 (5.0~17.0) (6.0~56.0) (24.0~59.0)
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Table 2. Weather condition in the warm temperature forest zone

Meteorological factors Min. Max. Mean S.D.
Annual temperature(C) 133 15.4 14.0 0.6
Annual precipitation(mm) 1,396.0 1,797.0 1,537.0 162.0
Coldness index -8.0 0.1 -5.0 2.4
Warmth index 108.1 125.0 113.0 4.7
Temperature of Sep.~Nov.(C) 4.1 7.8 5.2 1.1
Aridity index 5.4 7.6 6.4 0.7
Relative humidity(%) 66.0 75.0 71.0 32
The lowest temperature 8.2 12.7 103 14
Time of shine sunshine(hr) 170.9 243.1 198.7 21.8
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Table 3. Carbon emission factors of Quercus acuta

Basic wood Biomass Root-

Species density (WD)  expansion shoot ratio
(Unit : t/m®) factor (BEF) R)
Quercus acuta 0.830 1.700 0.190
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Table 4. Score of category and range for each item on Quercus acuta stands

AEX|HO| FIMLE ds MRS & BAKE
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Item Category Score Mean score Deviation Range
<100 m —0.1772 —0.8981
100~200 m 0.0264 —0.6945
201~300 m 10952 0.3743
Ag;l;ie 301~400 m 25762 0.7209 1.8552 5.8611
401~500 m 3.5822 2.8613
500~600 m —2.2789 —2.9998
600 m< 0.0000 —0.7209
<15° 23381 0.5473
15~20° 2.0244 0.2337
s(g)e 21~25° 2.8850 17908 1.0942 3.6137
26~30° —0.7287 ~2.5195
30°< 0.0000 —1.7908
Plain —3.4941 —3.4812
Hill 9.9558 9.9686
Local z‘)’g;graphy Piedmont —0.0181 ~0.0129 ~0.0052 13.4498
Hillside —0.3240 —03112
Summit 0.0000 0.0129
East 0.1560 0.7798
Aspect West 0.9018 15256
(5?4) South —1.5561 0628 —0.9323 248
North 0.0000 0.6238
Linear —1.2958 —0.7393
Sl"f}e{;)ype Convex —0.7708 ~0.5565 —0.2142 12958
Concave 0.0000 0.5565
High 0.8195 0.3357
Weathering degree .
x6 Middle 0.3100 0.4838 ~0.1738 0.8195
Low 0.0000 —0.4838
Residual 1.1242 0.2125
DEP((’;;)type Creeping 1.1045 09116 0.1927 1.1242
Alluvium 0.0000 —09116
Degree of Exposure —3.0214 —2.3164
wind exposure Middle 0.2385 —0.7050 0.9435 3.2600
(X8) Protection 0.0000 0.7050
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Table 4. Continued
Item Category Score Mean score Deviation Range
<10% 7.0117 —0.2641
Exposure rate 10~30% 8.4425 1.1667
of rock 7.2758 8.4425
X9) 31~50% 7.3151 0.0393
50%< 0.0000 —7.2758
<50 em ~22979 0.1145
- 50~70 cm —3.9561 —1.5438
Soil depth —2.4124 3.9561
(X10) 71~90 cm —1.5964 0.8160
90 cm< 0.0000 24124
Dry 1.2964 23581
Light dry ~0.2320 0.8297
N
Soil moisture Damp —42182 ~1.0618 —3.1564 5.5145
(X11)
Light wet ~2.5117 —1.4499
Wet 0.0000 1.0618
Very soft 9.2132 3.0516
Soft 5.5950 —0.5666
il h .
Soil hardness Middle 5.2460 6.1616 ~0.9156 9.2132
(X12)
Hard 7.2415 1.0798
Very hard 0.0000 ~6.1616
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Table 5. Evaluation criteria for the site quality prediction of Quercus acuta stands

Class
Evaluation factor
1 2 3 4 5 6 7
<100 m 100~200 m 201~300 m 301~400 m 401~500 m 501~600 m 600 m<
Altitude Score
—0.1772 0.0264 1.0952 2.5762 3.5822 —2.2789 0.0000
<15° 16~20" 21~25 26~30" 30°<
Slope Score
2.3381 2.0244 2.8850 —0.7287 0.0000
Plain Hill Piedmont Hillside Summit
Local topography  Score
—3.4941 9.9558 —0.0181 —0.3240 0.0000
East West South North
Aspect Score
0.1560 0.9018 —1.5561 0.0000
Linear Convex Concave
Slope type Score
—1.2958 —0.7708 0.0000
Low Middle High
Weathering degree Score
0.0000 0.3100 0.8195
Residual Creeping Alluvium
Deposit type Score
1.1242 1.1045 0.0000
Degree of wind Exposure Middle Protection
Score
€xposure —3.0214 0.2385 0.0000
Exposure rate <10% 10~30% 31~50% 50%<
Score
of rock 7.0117 8.4425 73151 0.0000
<50 cm 51~70 cm  71~90 cm 90 cm<
Soil depth Score
—2.2979 —3.9561 —1.5964 0.0000
Dry Light dry Damp Light wet Wet
Soil moisture Score
1.2964 —0.2320 —4.2182 —2.5117 0.0000
Very soft Soft Middle Hard Very hard
Soil hardness Score
9.2132 5.5950 5.2460 7.2415 0.0000
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Fig. 4. Output map of the optimal site prediction on
Quercus acuta stands in Wando.
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Table 6. Classification criteria of class for site quality
prediction of Quercus acuta

Class
Species

I I I I\

Quercus acuta  22.7< 84~227 —61~83 <—6.1

2 ARAS Frhr]Ee] oste] Feiglen, doixl FdE
2F B AR6E 5 SVl Wt class 1, 1T
I, V& &5F3t3ltiTable 6). S+ 7710l wet 7
AR 2 ASEH TEE WA gagaedes 2% Ao
Table 73} Zch.

Table 70]l4] £H=A]S it HA2 - 5,849.8 ha® X& £
A F7AUY] S WA AXE ehagaeids ALK
A}, 1530] 147.1 ha(2.5%)= 315.5 tC/ha, 1,160.6 tCOy/ha,
IS+ 2,703.5 ha(46.3%), 5,817.5 tC/ha, 21,330.6 tCO,/ha, III
<o 2,845.5 ha(48.6%), 6,123.1 tC/ha, 22,451.0 tCOyha, V5
= 153.7 ha(2.6%), 153.7 tC/ha, 1,212.7 tCOy/ha® 2 FA =
o, T WAHoA I, I 55471 95%= F7 A vi=
AR et 8 A2 ¥ 2 LULUCF(Land Use, Land-
Use Change and Forestry) #-0F =7} 11§ kb EA42 5
QU F% 945, B 645 % ZA| R E(Basic Wood
Density, WD) Zl=3Fe] 0.83 t/m’ .2 7} =THKFRI, 2014).
1 m’e] A2 Zh= A4S, eaxFago] 084 (Om'=2 = ¥
A2 et AFo] We AIZNR(0.738 tC/m')Kch B
& 3k AP Stk o)} Pol, B 7| 3uisiol ek 4%
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Table 7. Classified area from map of the optimal site prediction on Quercus acuta stands in Wando

Class Area (ha) tC/ha/yr Total tCOy/ha/yr Percentage (%)
I 147.1 316.5 1,160.6 2.5
II 2,703.5 5,817.5 21,330.6 46.3
I 2,845.5 6,123.1 22,451.0 48.6
1 153.7 330.7 1,212.7 2.6
Total 5,849.8 46,154.9 12,587.7 100
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