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Abstract: Pine forests are continuously declining due to competition with broadleaf trees, such as oaks, as a consequence
of changes in the natural dynamics of forest ecosystem. This natural decline creates a risk of losing the various benefits
pine trees have provided to people in the past. Therefore, it is necessary to prepare future forest management directions
by considering the state of pine tree decline in each region. The goal of this study is to understand the characteristics
of pine forest changes according to forest dynamics and to predict future regional changes. For this purpose, we evaluated
the trend of change in pine forests and extracted various variables(topography, forest stand type, disturbance, and climate)
that affect the change, using time-series National Forest Inventory (NFI) data. Also, using selected key variables, a
model was developed to predict future changes in pine forests. As a results, it showed that the importance of pine
trees in forests across the country has decreased overall over the past 10 years. Also, 75% of the sample points representing
pine trees remained unchanged, while the remaining 25% had changed to mixed forests. It was found that these changes
mainly occurred in areas with good moisture conditions or disturbance factors inside and outside the forest. In the
next 10 years, approximately 14.2% of current pine forests was predicted to convert to mixed forests due to changes
in natural forest dynamics. Regionally, the rate of pine forest change was highest in Jeju(42.8%) and Gyeonggi(26.9%)
and lowest in Gyeongbuk(8.8%) and Gangwon(13.8%). It was predicted that pine forests would be at a high risk of
decline in western areas of the Korean Peninsula, including Gyeonggi, Chungcheong, and Jeonnam. This results can
be used to make a management plan for pine forests throughout the country.
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Table 1. Description of variables for pine forest change model
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Classification Variables Description
Dependent Variable Non-Change No transition form Classl to other importance value classes
P Change Transition from Classl to other importance value classes
Elevation E)Tlllé)o (NE~SW)
Topography Aspect Topographical Wetness Index, Ln(upslope contributing
TWI . .
area/tan(slope in radians))

Age Class 10 year unit

Independent Forest Stand Canopy_Density (%)

Variable

v

Importance value of pine in overstory stand

SI Shannon Index for all tree species
Disturbance PDPT100 Ratio of pine within a 100m radius (%)

NF100 Ratio of non forest area within a 100m radius (%)
Climate TAVG Average annual average temperature (°C)
(2000~2019) PRCP Average annual precipitation (mm)
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Figure. 1. Disturbance and forest stand variables used to predict pine forest change: (a) PDPT100, (b) NF100
(¢) Importance value of PDPT in pine forest.
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Table 2. Change matrix for importance value classes of pine at NFI permanent sample points over a 10-year period.

NFI5 NFI7 Class1 Class2 Class3 Class4 Sum
Class] 1,061 328 24 1 1,414
(75.0%) (23.2%) (1.7%) (0.1%) (100%)
Class2 53 706 274 16 1,049
(5.1%) (67.3%) (26.1%) (1.5%) (100%)
Class3 4 75 877 262 1,218
(0.3%) (6.2%) (72.0%) (21.5%) (100%)
Classd 0 106 5,429 5,539
(0.0%) (0.1%) (1.9%) (98.0%) (100%)

% Classl: IV > 0.75, Class2: 0.5 < IV < 0.75, Class3: 0.25 < IV < 0.5, Class4 : IV < 0.25
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Figure 2. Decrease in importance value of pine by province for Classl~Class3 (a) among all species or
(b) among pine and some Quercus.

(CB: Chungbuk, CN: Daejeon-Sejong:Chungnam, GB: Daegup-Gyeongbuk, GG: Seoul-Incheon-Gyeonggi, GN:
Busan-Ulsan-Gyeongnam, GW: Gangwon, JB: Jeonbuk, JJ: Jeju, JN: Gwangju-Jeonnam)
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Fo AolH ATAY FoA Favt Wol WAL BN} AT RO T ARSHA B o,
3B 5 gIck(Figure 3). AW A9 F o] ko F7), 33, Ad A

GET STUE F Y HolE AR Wake o2 wehd wske Ugmst 2 RoR Slhc 4

o] HrhHoz P pErEst UgroLt BAHR GO %, AdAde] wah wgmt /b Wekti(Figure 5)

Table 3. Change of Shannon’s Index from NFIS to NFI7.
NFI17

NFI5 Classl Class2 Class3 Class4 Average
Classl 0.11 0.27 0.69 0.73 0.16
Class2 -0.08 0.09 0.22 0.35 0.12
Class3 -0.47 -0.01 0.06 0.09 0.06

Class4 - 0.07 0.14 0.04 0.04
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Figure 3. Characteristics of topography, forest stand, disturbance and climate by change of pine importance value class.

Table 4. K-fold validation of pine forest change models.

Model Overall Accuracy Kappa Coeff. Sensitivity Specificity
RF 0.72 0.44 0.88 0.55
SVM (Linear) 0.74 0.48 0.74 0.74

SVM (Radial) 0.73 0.47 0.71 0.76
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Figure 4. Prospects for changes in pine forest area (a) by pixel units or (b) by administrative districts.

Table 5. Change prospects of pine forest after 10 years.

Province Change rate(%)

Seoul-Incheon- Gyeonggi 26.9
Gangwon 13.8
Chungbuk 19.2
Daejeon-Sejong-Chungnam 16.8
Daegu-Gyeongbuk 8.8
Busan-Ulsan-Gyeongnam 14.8
Jeonbuk 16.8
Gwangju-Jeonnam 20.0
Jeju 42.8
Total 14.2
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