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Estimation of Forest Productive Area of Quercus acutissima and
Quercus mongolica Using Site Environmental Variables

Seung-Woo Lee, Hyung-Kyu Won, Man-Yong Shin', Young-Mo Son, and Yoon-Young Lee

'Korea Forest Research Institute, Seoul 130-712, Korea
2Department of Forst Resources, Kookmin University, Seoul 136-702, Korea

This study was conducted to estimate site productivity of Quercus acutissima and Quercus mongolica by
four forest climatic zones. We used site environmental variables (28 geographical and pedological factors)
and site index as a site productivity indicator from nation-wide 23,315 stands. Based on multiple regression
analysis between site index and major environmental variables, the best-fit multivaliate models were made
by each species and forest climatic zone. Most of site index prediction models by species were regressed
with seven to eight factors, including altitude, relief, soil depth, and soil moisture etc. For those models,
three evaluation statistics such as mean difference, standard deviation of difference, and standard error of
difference were applied to the test data set for the validation of the results. According to the evaluation
statistics, it was found that the models by climatic zones and species fitted well to the test data set with
relatively low bias and variation. Also having above middle of site index range, total area of productive sites
for the two Quercus spp. estimated by those models would be about 6% of total forest area. Northern
temperate forest zone and central temperate forest zone had more productive area than southern
temperate forest zone and warm temperate forest zone. As a result, it was concluded that the regressive
prediction with site environmental variables by climatic zones and species had enough estimation

capability of forest site productivity.
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Table 1. Site environmental factors and its code description for estimating site index by species.

Variables Variable Name Code Description
X Topography 1: flatness, gentle hill, top of mountain 2: middle of mountain
3: foot of mountain
X Climatic Zone 1: northern temperate zone 2: central temperate zone
3: southern temperate zone 4: sub-tropical zone
X3 Parent Rock 1: sedimentary rock 2: igneous rock 3: metamorphic rock
Xa Soil Drainage 0: poor 1:common 2: good 3:very good
Xs Slope 1: more than 30°  2:15-30°  3:less than 15°
X6 Altitude 1: higher than 1000m  2: 700-1000m  3: 400-700m
4: 200-400m 5: lower that 200m
X7 Sedimentary Type 1: residual deposit 2: creeping 3: colluvial
Xs Erosion State I:severe 2:exist 3:not exist
Xo Relief 1: concave 2:flat 3:convex
X0 Aspect 1: south, southwest  2: east, southeast
3: north, northeast, northwest, west
X Available Soil Depth 1: less than 10cm 2: 10-30cm  3: more than 30cm
X Rock Exposure 1: more than 30% 2: less than 30%
X3 Ratio of Valley to Hill l:morethan7 2:4-7  3:less than4
X Wind Exposure I:exposure  2: medium  3: protected
Xis Weathering Degree 1: low 2: medium  3: high
Xi6 Soil Type coded from 0 to 4
Xi7 Soil Depth in Horizon A 1. less than 30cm  2: more than 30cm
1. less than 30cm ~ 2: 30-60cm
Xis Soil Depth in Horizon B
3: 60-90cm 4: more than 90cm
X9 Soil Color in Horizon A coded with 98 different numbers from 1 to 4
X2 Soil Color in Horizon B coded with 98 different numbers from 1 to 4
Xai Organic Matters in Horizon A 1:0-2% 2:2-4% 3:4-6% 4: more than 6%
X2 Organic Matters in Horizon B 1:0-2% 2:2-4% 3:4-6% 4: more than 6%
o Soil Texture in Horizon A 1: clay, loamy sand, sand 2: silt clay loam, silt clay, clay loam
3: sandy loam, loam, silt loam, sandy clay loam
Xu Soil Texture in Horizon B 1: clay, loamy sand, sand 2: silt clay loam, silt clay, clay loam
3: sandy loam, loam, silt loam, sandy clay loam
Xas Soil Moisture in  Horizon A 1: humid, dry ~ 2: slight dry, slight humid  3: moderate
Xa6 Soil Moisture in Horizon B 1: humid, dry ~ 2: slight dry, slight humid  3: moderate
Xo7 Soil Consistency in Horizon A 1:veryhard  2:soft,hard  3: very crumbly, crumbly
Xas Soil Consistency in Horizon B 1: very hard  2:soft, hard  3: very crumbly, crumbly
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Table 2. Parameter estimates of site index model for two Quercus spp.

. . Parameter Estimates
Site Index Model Species 5
c
Chapman-Richards model
b
l-e ¢ Quercus acutissima 0.0039 0.4459
Si=Hp [—]
l-e
Schumacher model
I 1
SI=exp(log(Hp) -¢ X (— - —)
o Quercus mongolica 0.0342 0.9241
(SI=site index, Hp=height of dominant trees, fi=stand age,
t=index age(30), b, c=regression coefficients to be
estimated)
Table 3. Data set for regression models developed for the site index estimation of two Quercus spp.
Species Climatic Zone Total Fit Data Test Data
Northern Temperate 1,391 964 427
Q. acutissima Central Temperate 13,052 9,102 3,950
Southern Temperate 1,694 1,178 516
Warm Temperate 1,332 906 426
. Northern Temperate 2,536 1,764 772
Q. mongolica
Central Temperate 3,310 2,279 1,031
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Table 4. Regression equation developed for the site index estimation of two Quercus spp.
Species Climatic Zone Site Index Equations Ro
SI =8.1867-0.3463#%X1+0.4842*X5-0.1661*X6
Northern Temperate . . 0.24
+1.0601¥X9+0.8020%X22+0.6162#%X24+0.5141%X26
SI'=9.1839-1.0838%X4+0.3416%X6+0.2794*X9
Central Temperate 0.18
. +1.3224¥X11-0.4072*X18+0.2735%X21+0.7201*X26
Q. acutissima
SI=4.4045+0.8358*X3+0.2487*X6+0.4411*X7
Southern Temperate 0.17
+1.0451*X11+0.9088*X17-0.6154*X22+0.7998*X25
SI=-1.6375+1.2610*X3+1.0846*X5+0.4529%X6
Warm Temperate 0.36
-0.8782*%X1340.4907%X18+0.3892*X23+1.4307*X26+0.9644+X28
SI=10.9655+0.6235%X140.1752*X3 -0.2842*X12
Northern Temperate 0.30
+0.3931*X16+0.1852%X18-0.1657%X24+0.3787*X25
Q. mongolica
SI=12.0547-0.3068*X4-0.3197*X6-0.7501*X9
Central Temperate 0.25

+0.7611%X13+1.5618*X16-0.4793*X20+0.1927*X21
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Table 5. Evaluation result of the estimation ability for site index equation by species and climatic zones based on test data set.

Species Climatic Zone n MD SDD SED
m
Northern Temperate 427 -0.0782 2.0539 2.0553
0. acutissima Central Temperate 3,950 0.0090 2.5137 2.5137
Southern Temperate 516 0.0299 2.7541 2.7542
Warm Temperate 426 -0.0683 2.2496 2.2506
. Northern Temperate 772 0.0003 1.5983 1.5983
Q. mongolica
Central Temperate 1,031 -0.0482 2.2605 2.2610
Table 6. Estimation of productive area by climatic zone based on site index.
Productive Area by climatic zone (ha)
. Percent
Species Northern Central Southern Temperate .
Sub-tropical zone Total (%)
Temperate zone Temperate zone zone
Q. acutissima 32,245 55,997 6,788 1,320 96,350 1.6
Q. mongolica 42,072 222,498 - - 264,570 45
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