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Abstract: This study was conducted to develop ingrowth estimation equations on Pinus densiflora found in Gangwon
Province and in the center of Korean Peninsula, based on the National Forest Inventory (NFI)’s permanent sampling
plot data. For this study, identical sampling plots in 5™ and 6™ NFI data were collected in order to identify ingrowth
amounts for the last 5 years. Following two-stage approaches in developing the ingrowth estimation equations, the
logistic regression model was used in the first stage to estimate the ingrowth probability. In the second stage,
regression analysis on sampling plots with ingrowth occurrence was used to estimate the ingrowth amount. A
candidate model was finally selected as an optimal model after a verification based on three evaluation statistics which
include mean difference (MD), standard deviation of difference (SDD) and standard error of difference (SED). In
results, a logistic regression model based on the number of sampling plot which did not result in ingrowth (model VI),
was selected for an ingrowth probability estimation equation and exponential function including the species
composition (SC) variable was optimal for an ingrowth estimation equation (model VI). The ingrowth estimation
equations developed in this study also evaluated the estimation ability in various forest stand conditions, and no
particular issue in fitness or applicability was observed.
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Figure 1. Study area and a permanent sample plot of
4km sampling intensity.
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Table 1. Summary of ingrowth attributes by Pinus densiflora.

A1078 A4 (2018)

Total Number of

Species Sampling Plots

No. of Sampling Plots No. of Sampling Plots
with Ingrowth

1 0
with no Ingrowth Ingrowth Ratio (%)

Pinus densiflora in

Gangwon Province 686

72 614 10.5

Pinus densiflora in

central Korea 2,908

476 2,432 16.4
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Table 2. Model forms used in this study for the estimation of
ingrowth probability.

Model No. Model Form
1
I p= 1+6bﬂ+b,BA+h251
1
I T
1+e” ‘
m p= !
L 4 b UD R BATBSITN
1
N Pz = N — 1/L
(1+eb0+b\BA+bZ]\+b35G +b4D+l}j5/')
1
v hi= s\ 1 X P
(1+eq,+blBA+hza,+b;Rs+blbq)
1
VI P =

(1 +e by +b, BA+b,5C, +b31\'+b451+ermm)L

DBH = stand average diameter at breast height(cm), D,

minimum diameter(cm), D, = quadratic mean dlameter?;n),
H = average height(m), BA = basal area per hectare(m?), NV
= number of trees per hectare(trees/ha), PS = percent
stocking, SC; = ratio of target species density(N/haSp) over
total stand density(NV/ha,,,,), SC, = ratio of target species
basal area(BA/ha,,) over total stand basal area(BA/hay,,),
ST = site index, L = measurement interval length, F = plot
size factor, w = exponent to annual survival probability

Table 3. Model forms for the estimation of ingrowth amount
as number of trees per hectare.

Model No. Model Form
I I, =by+bBA+b,5I
il In(Z,) = by +b,In (N +b,(1/D)
m 1= ebmmpAMﬁHmW +b,DBH
v 1= i (N) +b,BA+b, SC, +b, DBH +b; DBH
\Y I= e(% +b, BA+by (D, X PS) +bySI+b, VN)

(by +b BA+b, (D, x PS)+byIn (PS) +b,VN)
=e

_ e(b” +b BA+b, D, +by PS+b, (D, X P9 +1b;(SI < SC;))

B
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Table 4. Estimation equations for probability of ingrowth occurrence by Pinus densiflora.

Model Estimates of Regression Coefficients
Species RMSE
No. by b, by by by b

I -2.6514 0.0115 0.4459 - - - 0.30

il -2.1197 0.1015 0.1178 - - - 0.29

Pi.””s densiflora il -2.2956 0.0824 0.0041 0.2310 -0.0003 - 0.29

in Gangwon v

Province -3.8238 0.0834 -0.0034 1.1905 0.3514 0.7121 0.29

\% 9.3957 -0.0018 0.1375 -1.3156 2.3978 -3.6498 0.29

VI -10.0587 -0.0058 1.5981 0.0007 0.0152 0.9470 0.24

I -2.3800 -0.0069 0.4510 - - - 0.35

il -2.0329 0.1195 0.1201 - - - 0.35

Pinus densiflora il -1.7594 0.0651 0.0140 0.2441 -0.0004 - 0.35
in central Korea I\ 2.6326 0.1462 -0.0025 -3.2948 -0.0829 1.0589 0.35
\Y 11.0420 -0.0007 0.1630 -3.4864 2.6720 -3.7689 0.35

VI -7.6213 0.0024 -0.0199 0.0002 0.0786 0.8061 0.32
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Table 5. Statistics of ingrowth probability estimated by using ingrowth probability equations by Pinus densiflora.
) Estimates of Ingrowth Probability
Species Ingrowth Status  No. of Plots -
Mean SD Min Max
Pinus densiflora in With Ingrowth 72 0.62 0.0728 0.52 0.82
Gangwon Province No Ingrowth 614 0.04 0.1025 0.00 0.42
Pinus densiflora in With Ingrowth 476 0.60 0.0452 0.48 0.69
central Korea No Ingrowth 2,432 0.09 0.1443 0.00 0.43
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Table 6. Estimation equations for ingrowth amount as number of trees per hectare by Pinus densiflora.

Estimates of Regression Coefficients

Species Model No. b, b, b, b, b, b, Fit Index
I 91.3217 -0.0043 -3.9515 - - - 0.31
II 2.6542 0.1358 24.8703 - - - 0.32
Pinus densiflora I 69.0393 0.0002 -0.0003 0.0698  -0.00004 0.0031 0.50
in Gangwon v 4.7505 0.4883 -0.0164 0.3555 0.0033 -0.1163 0.50
Province \% 6.0068 0.0372 -0.0865 -0.1102 -0.0213 - 0.53
VI 6.2426 0.0367 -0.1221 0.9458 -0.0297 - 0.54
VI 9.0046 0.0198 -0.2814 -5.2430 0.2631 0.0030 0.57
I 233.6416 -0.4647 -15.5449 0.42
II 0.2859 0.4633 75.7296 0.52
. . i 412.1000 0.0004 -0.0296 -0.1194 0.0025 -0.0848 0.61
i’:”c”esm‘rl;”slﬁ‘;z ‘; v 0.0416 1.1265 -0.0514 1.3862 0.0027 -0.0831 0.62
\% 4.0154 -0.0413 0.0185 -0.1058 0.0511 0.61
VI 5.8004 -0.0188 -0.0977 1.8999 0.0186 0.63
VI 5.2496 0.0048 -0.1141 2.0411 -0.0270 -0.0883 0.63

Table 7. Validation of estimation equations for ingrowth amount as number of trees per hectare by Pinus densiflora.

Evaluation Statistics

Species Model No. Sum Ranking
MD SDD SED
I 0.16 (2) 28.05 (7) 28.06 (6) 15 5
1l 6.70 (7) 28.02 (6) 28.81 (7) 20 7
' . I 1.76 (6) 27.90 (5) 27.96 (5) 16 6
- Ié’:ggw”f;“}’{zgg?nce v 2001 (1) 2787 (4) 27.88 (4) 9 3
v 1.13 (5) 27.03 (3) 27.04 (3) 11 4
VI 043 (4) 26.65 (2) 26.66 (2) 2
VI 024 (3) 25.13 (1) 25.19 (1) 5 1
I 0.60 (3) 41.26 (7) 4127 (7) 17 6
1l 11.23 (7) 39.64 (6) 41.20 (6) 19 7
. . I 3.25 (6) 37.93 (5) 38.07 (5) 16 5
i’; ’”é‘esm‘jjfsgi‘;g ‘; \% 0.16 (1) 37.01 (3) 37.02 (3) 7 2
v 0.73 (4) 37.56 (4) 37.57 (4) 12 4
VI 122 (5) 36.90 (2) 36.93 (2) 3
VI 0.57 (2) 36.71 (1) 36.72 (1) 1
AU 245 e uy N7h /by we Zloz 3 auud(BA), 8o R dAD,), e +5e
7hE|glom, o2 ASE A 2Ee] J=(SDD) ¥ = AEZE HIR(PS), AAR(S)H, 18 JEESo
B BEOASED)S] A% F 4F BE g Vo] /b 27iste] JRULS AET £ETHSC)O A
4 AP A0 etk ol 2 b BABA WAL U Bl 4EAGHE SR 2o 3
Fol rAstel FTHOE BT A% FUATehE A ABESE 2ok Aspolnh
SERAG LGRS A mE my Vo] #FHom
HAEG HArgor HYH wy VIS Yang and  3) HE WANYY 24 A%
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Estimated
Ingrowth
(N/ha)
59
58
40
212
63

0.97
0.94
0.91
091
0.85
0.70

PS

0.96
0.85
0.78
0.85
0.68
0.61

>

1=]
=

i

JA)
el
0.97
0.87
0.68
0.75
0.69
0.63

244 7

e R
7.6
16.9
31.6
7.4
15.7
28.3

DBH

Stand Variables
N/ha
3,785
1,261

619
2,158
1,418

744

ST
12
14
18
10
12
16

17.1
28.2
40.6
12.6
273
40.5

BA/ha

a
8.5
17.9
32.8
83
16.4
28.3

MU A5 08T Arkie] 217
D

15
30
50
15
30
50

Age

2

No.

Plot

Table 8. Ingrowth amount estimates of number of trees per hectare based on the final ingrowth amount estimation equations by
Species
Pinus densiflora
in Gangwon
Province
Pinus densiflora
in central Korea

Pinus densiflora.
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