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Abstract: This study aims to support systematic forestry stand density management by simultaneously considering
the stand growth and stability. The stand density management diagram (SDMD) for Japanese larch (Larix kaempferi)
plantations was re-estimated using updated data from 576 sample plots in the 5™-7" National Forest Inventory of
Korea. The relative spacing index (RSI) replaced the relative yield index as the density indicator. Regression equations
were developed to convert the stand mean H/D ratio of the overall stand into separate ratios for four tree-size classes
(defined by diameter at breast height percentiles). The dominant-tree H/D ratio of 80 (HD80) was overlaid on the
SDMD as a stability threshold line. RSI suggested relatively higher stand densities for dominant height classes of
2-14 m, indicating a potential underestimation of the stability risk, whereas the pattern was reversed at heights >16 m.
Accordingly, a thinning implementation line was proposed that prioritizes the HD8O criterion in the early growth
stage, while jointly applying the RSI target range (18%-22%) in the mature stage. The application procedure was
demonstrated using an exemplar thinning simulation. The results provide a practical reference to determine thinning
timing and intensity in Larix kaempferi plantations, which is expected to contribute to improved thinning practices
in forest management.
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Table 1. Descriptive statistics of variables used in the analysis.
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(N=576 plots)

Variable Code Unit Mean S.D Max. Min.
DBH D cm 26.6 7.3 46.5 7.7
Height H m 18.1 4.8 28.2 5.5
Dominant tree height Hd m 219 4.9 33.6 5.5
Basal area BA m” - ha’! 304 12.4 66.1 2.1
Stand volume \Y m’ - ha' 310.8 154.5 862.1 6.1
Stand age Age years 37.0 10.0 77.0 12.0
Stand density N trees - ha’! 613.0 3253 2940.0 175.0
Site index ST m 20.0 2.9 26.8 8.1
H/D ratio HD - 70.1 15.1 116.4 30.4
Relative yield index Ry - 0.8 0.1 1.0 0.1
Relative spacing index Rs % 22.7 8.2 97.7 11.8
Stand density index SDI trees - ha 601.2 220.6 1318.9 65.4
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of dominant trees, V= Stand density)

HF= b, +byHy,+ by /N Hy, 100 4)
(Where is, HF=Form height, H,= Mean height of

dominant trees, /N= Stand density, b,=Parameters)
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(Where is, Dg=Quadratic mean diameter at breast height,
G=: Basal area, N= Stand density)
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Figure 1. Stand density management diagram (SDMD) for Larix
kaempferi. Red lines= dominant tree height isolines, Blue lines=
relative spacing index isolines, Black lines= mean DBH isolines,
Green lines= Self-thinning lines.

Table 2. Results of parameter estimation for constructing the stand density management diagram for Larix kaempferi.

Equation number Parameters Bias SSE FI
eq.1 a;=0.264, a,=-1.563, a3=14188.395, a,=-3.227 0.198 72.495 0.710
eq.4 b,=0.697, b,=0.417, b3=0.002 0.193 0.259 0.977
eq.6 c1=-1.912, c5=-1215445.945 - - -
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Table 4= T=|chifo] Bz AIE 27] HHHDHS] B
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Table 3. Results of regression analysis relating stand mean H/D ratio to mean H/D ratio by tree size class.

Regression equations Bias SEE R?
HD1(0 ~ 25%) = 1.321 HD— 4.914 -0.023 95.206 0.788
HD2(25 ~ 50%) = 1.030 HD+0.482 0.032 22327 0.907
HD3(50 ~ 75%) = 0.891 HD+2.706 0.036 12.361 0.928
HDA(T5 ~ 100%) = 0.721 HD+ 7.604 -0.125 17.961 0.852

Table 4. Estimated mean H/D ratios of each tree size class derived from stand mean H/D ratio.

Estimated H/D ratio by tree size class

HD HD1(0 ~ 25%) HD2(25 ~ 50%) HD3(50 ~ 75%) HDA(75 ~ 100%)
58.8 72.8 61.0 55.1 50.0
65.7 81.9 68.2 61.3 55.0
72.7 91.1 75.3 67.5 60.0
79.6 100.2 82.5 73.6 65.0
86.5 109.4 89.6 79.8 70.0
93.5 118.6 96.8 86.0 75.0
100.4 127.7 103.9 92.2 80.0
107.3 136.9 111.0 98.4 85.0
1143 146.1 118.2 104.5 90.0
121.2 155.2 125.3 110.7 95.0
128.1 164.4 132.5 116.9 100.0
135.1 173.5 139.6 123.1 105.0
142.0 182.7 146.8 129.2 110.0
149.0 191.9 153.9 135.4 115.0
155.9 201.0 161.0 141.6 120.0
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Table 5. Results of regression analysis for mean DBH and mean height equations.

Regression equations Bias SEE R’
D=0.919D, +0.145 -0.009 0.937 0.968
H=0.854H,+0.390 -1.132 3.257 0.910
HD2 7H25~50%)2 103.92 LEt. whebA 94| =7] 3. g rEES st Ko7 MY 7IE HE Eet

kel Akt 80 2TelA] ke wEE A, BY
NHoNN F7b 27N HD2 ~ HD3)O| 4] 322
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718 B W Qs ke g o) ) 27]9hE
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L g FAA(D,)T SAIE (A, ha B @
QR AL P, o8 QJEUETEe| 7|5kl
(Figure 2). ol 3713t ZA-& HD4 2] 605E 120714] 77}
x| sfkaich.

Dominant-tree stability threshold line(H/D=80)
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Figure 2. Stand density management diagram with the HD80
stability threshold line. The HD4 = 80 iso-line (HD80) was
overlaid on the stand density management diagram (SDMD) to
represent the stability threshold of dominant trees (upper size
class). This line was used as a reference boundary for interpreting
stand density conditions in relation to H/D ratio-based stability.
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Table 6. Comparison of stand density ranges determined by H/D ratio and relative spacing index (Unit=trees * ha™).

(DOptimal stocked range based on
H/D ratio (This study)

Dominant tree
height class

(@0Optimal stand density range
based on RSI (NIFoS, 2024)

Combined criterion

(@ and @)

(m) HD4=80 RSI=22% RSI=18%

2 10,552 51,653 77,161 10,552
4 6,097 12,913 19,290 6,097
6 4,059 5,739 8,573 4,059
8 2,956 3,228 4,823 2,956
10 2,282 2,066 3,086 2,282
12 1,834 1,435 2,143 1,834
14 1,518 1,054 1,575 1,518
16 1,286 807 1,206 1,206
18 1,108 638 953 953
20 969 517 772 772
22 858 427 638 638
24 766 359 536 536
26 691 306 457 457
28 627 264 394 394
30 572 230 343 343

; The solid line for implementation of thinning
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Figure 3. Thinning schedule on the stand density management
diagram and an example of thinning simulation. A green solid
line indicates the timing for thinning implementation on the stand
density management diagram (SDMD). An example thinning
simulation(Blue solid line) is presented along the line, and key
stages are marked as A—-G: A, before the 1st thinning; B, after
the 1st thinning; C, before the 2nd thinning; D, after the 2nd
thinning; E, before the 3rd thinning; F, after the 3rd thinning;
and G, final harvest.
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