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Studies on the Estimation of Stand Volume Increment
in the Jack Pine (Pinus banksiana Lamb.) in Artificial Forest'
Jong-Lak Lee’
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ABSTRACT

This study was carried out for the artificial forest stand of 23 years old jack pine(Pinus banksiana
Lamb.) in Soheul-myun, Pochun-kun, Kyunggi province of Korea.

The objectives of this study were to investigate the stand volume increment and the rate of stand
volume, and were to investigate present stand volume to determine annual cutting volume for keeping
stand volume to an ideal level for investigated jack pine stand.

For a reasonable calculation of stand volume increment, diameter of breast height(DBH), tree height,
bark width, and core length for the last 10 years for respective sampling plots were measured.

By using these measurements annual diameter increment in DBH class, stand volume increment of
95% confidence interval and tree height curve equation were calculated. The tree height value was
derived from the tree height curve equation. Calculation of tree volume by using the tree volume table
was made by conferring the tree height value.

The summarized results for investigated jack pine trees were having 7.7% annual stand volume
increment with 6.1% estimated error,

The total stand volume per ha was 79.58m’, accordingly the annual stand volume increment was 6.13
m® per ha, and the 95% confidence intervals range from 5.77 to 6.51m’.

Key words : Estimation of stand volume increment, Annual diameter increment, Artificial forest,
Confidence intervals
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Table 1. The height-diameter equations used in this study

Model No. Model Name No. of Coefficients Model Form
1 Parabolic 3 hi=a+b- dbh;+c- dbh?
dbh
: Prodan 3 L o o dbh
dbh ; 4
3 Petterson 2 hl=(m)
Korsun 3 ho= ea+b-lndbh,+c-(ln dbh )
Log 2 h;=a+b- Indbh ;
Freese ho= ea+b- In dbh;+c - dbh;
= 1
7 Kennel 2 hi=1.2+ g —2 3
( dbh,‘)
_b_
8 Michailow 2 hi=12+a- e dbh,
9 Staffels and V. Soest 2 hi=a - dbh;®

Table 2. Calculation of average annual increment for diameter of brest height(DBH)

Sampl Qutside bark Bark Inside bark | DBH increment 2L @) Average annual
P D) (B) | (@ (D-2B) | for 10years (L) (2L/10) |increment of DBH (D)
(cm) (cm) (cm) (cm) (cm) (cm) (K xi) (cm)
59 15.33+2.50 | 0.51+0.13 } 11.90%£0.93 2.72+0.38 5.43£0.76 10.54%0.08 0.58+0.08
Total 904.6 845.0
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Table 3. Annual increment of DBH for different
DBH classes by the regression equation

Table 5. Annual increment of DBH and confidence
interval on 95 percentage by DBH class

(unit : cm) (unit : cm)
Annual Annual Annual Confid int 1 95%
BESFSI increment Dll:SH increment DBH increment onfidence interval on 35%
of DBH class of DBH class | " DRH | Maximum | Minimum
6 0.6273 20 0.5587 6 0.627 0.729 0.525
8 0.6175 22 0.5489 8 0.618 0.699 0.537
10 0.6077 24 0.5391 10 0.608 0.670 0.546
12 0.5979 26 0.5293 12 0.598 0.641 0.555
14 0.5881 28 0.5195 14 0.588 0.617 0.559
16 0.5783 30 0.5097
8 0 oea 5 04956 16 0.578 0.604 0.552
. . 18 0.569 0.606 0.532
20 0.559 0.614 0.504
%, EES EEERETS EERS 1=0.65673 2 | 0549 0.623 0.475

—0.0049D2 Hhi=dcl,
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SellA HHE ERAERE #ER st £
EXEE EFERERRS 73 #RE Table
33} Zstet,

3. WiEERRO| MMAIAER X EEENL
1) HEA R SHEEREZR TH
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Table 404 #HE 25T & 95%9 FBREE
ol 83t BEEMAZ EFE EHEERESY LBK
2 TIRMAS 931 Table 59 2gic},
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Table 4. Confidence interval by the estimated equation for the annual DBH increment

X(D) X? Caa -2CabX | CbbX? S 1 St 2S1
Oem | © ®) @ 6 |OTDHO o | em | (am
6 36 0.68074 | -0.51960 | 0.10152 | 0.26266 | 0.002577 | 0.0508 0.102
8 64 0.68074 | -0.69280 | 0.18048 | 0.16842 | 0.001652 | 0.0406 0.081
10 100 0.68074 | -0.86600 | 0.28200 | 0.09674 | 0.000949 | 0.0308 0.062
12 144 0.68074 | -1.03920 | 0.40608 | 0.04762 | 0.000467 | 0.0216 0.043
14 196 0.68074 | -1.21240 | 0.55272 | 0.02106 | 0.000207 | 0.0144 0.029
16 256 0.68074 | -1.38560 | 0.72192 | 0.01672 | 0.000164 | 0.0128 0.026
18 324 0.680740 | -1.55880 | 0.91368 | 0.03562 | 0.000349 | 0.0187 0.037
20 400 0.68074 | -1.73200 | 1.12800 | 0.07674 | 0.000753 | 0.0274 0.055
2 484 0.68074 | -1.90520 | 1.36488 | 0.14042 ! 0.001378 | 0.0371 0.074




418 Hrassvky ATH #are] HRER #zol BE HE

Table 6. Data of DBH-height(H) for calculation
of height curve equation

Tree Tree
Sample | DBH . Sample | DBH .
tree (cm) hf()i_%h U] tree (cm) h?i%l t
No. (m) No. (m)

10.1 | 10.0 16 17.4 | 12.6
17.6 | 12.9 17 16.6 | 11.6
156.8 | 12.0 18 20.3 | 13.2
18.6 | 12.5 19 17.2 | 13.0
14.0 | 11.7 20 13.9 | 114
16.2 | 12.4 21 12.4 | 11.1
12.0 | 11.0 22 154 | 12.8
18.8 | 12.8 23 20.2 | 13.1
16.4 | 11.8 24 16.8 | 11.4
10.4 | 10.2 25 13.7 | 11.9
14.2 | 11.5 26 19.0 | 12.4
15.6 | 12.6 27 15.2 | 13.0
20.1 | 13.0 28 12.2 | 10.7
12.6 | 10.8 29 14.5 | 11.3
14.3 | 11.8 30 10.1 | 10.1

[ S S S SR
AESRES v uidwiN =

Q) BHEEBHARS] KB 2 BE
oA BIEHIMRS HE BE) 95
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T P TRRES RV IMSETY HERES] t-BES

T #RE Table 734 g},

Table 7<ll41 2} zro] HimHi#= F o4 Prodan
Kol R¥7} 0.84252 teky 3 vV MSEZL 0.00362
2 7 AL BEE el elA B iR
o2 gE=eh. B, Prodan®el #iEahsR-o

dbh % o
2.40167+0.2196 - @bk ,+0.06808 « dbh 2
2 HHEIY. WRREE ¥ B Saihatd o
3 FAXE MEER el Yehlld Fig. 1
I zForet,

Fig. leolxle} #o] MyEE o] 10~14cm7t=|
= #E7F vl 2d & ERde Eme vehion
MEERe] 14~22cme] @l obd S8
BEARS vehlla 248 o 5 sl

(3) BiEztel AW

kel HHE Prodan®] #imfmRel 2sle] W
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Table 7. Parameter estimates and their statistical test of height function 1-9 in Table 1

No. Function Name Parameter Estimate Prob> |T|? Prob>F? R? vV MSE(C. V.)
a 3.351824 0.1008
1. Parabolic b 0.850417 ** 0.0001 0.8078 0.4322 (3.64)
c -0.018562 *
a 2.401674 0.4378
2, Prodan b 0.219620 0.6288 0.0001 0.8425 0.00362 (3.84)
c 0.068076 *k
a 0.899109 *k
3. Petterson b 0.394071 - 0.0001 0.8301  0.00585 (1.29)
a ~0.129634 0.9046
4, Korsun b 1.575215 0.0609 0.0001 0.8241 0.03552 (1.44)
c -0.226022 0.1451
a 0.319308 0.7723
5. Log b 4260831 "k 0.0001 0.8009 0.43194 (3.63)
a 0.717222 0.1740
6. Freese b 0.821945 * 0.0001 0.8240 0.03553 (1.44)
c -0.030963 0.1466
a 0.394071 *x
7. Kennel b 0.899109 . 0.0001 0.8301 0.00585 (1.29)
C a 2.761260 *ok
8. Michailow b -5 866134 o 0.0001 0.8251 0.03881 (1.64)
Staffels and a 4,36240 *k
9. V. Soest b 0. 36806 o 0.0001 0.8094 0.03631 (3.64)
1) significance level (o) for ¢ ol 22 tai1, k:number of independent variable
LT
2) significance level (@) for F |« > Fq .

** . significant at the 0.01 significance level, * : significant at the 0.05 significance level
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Fig. 1. Height-diameter curve of Prodan's model
for Pinus banksiana

Table 8. Tree height(H) calculated by DBH class
using the height curve equation

DBH class H DBH class H
(cm) (m) (cm) (m)
6 7.0 16 12.2
8 8.7 18 12.6
10 10.0 20 12.9
12 10.9 22 13.3
14 11.7 24 13.6

FEb 2uFe] IRBHRES AR
F HHE o] A delA HlE HE(Table 8)
< Ak,

5. #ik ¥ HIRERES Wi

FAEHRe] RMEEMEERK (0.08ha)el
A 59F o7 EEREE EF ETERRE 2 &
ERERES] RRE, TRMRO5%S] E8me
ehdl Table 5% FlHst] #EF MMERES W
M BARMRS B & BEK & R85
ZHHHS Bl ¥R Table 99 Zstel,

Table 9. Calculation table of volume increment

Table 9ol 4 H& nie} o] thg3} 2HE& MK
AR BA B FEmRe] EEMRERE 2 MR
ARE, hat Hik € o9 EEMRERR 58
G mEY & Adt.

1) ¥4 HREER 2 HREER
MR 0.08haol A3t M BNk 59749
EEMRERRS 0.4908m )2 )9 ERERE
0.4618~0.5207m’] ™ 7 597%] M-S 6.366m’
olgdch. wWelx o] & ol gsle] At WM
WMEESP) 9 oo #HEmEEPre Hid
BRE oe5 29k,
p= 22—"5— x100= %f%%& 100 = 7.7(%)
Pp= ZVESEVC j0p— LEAT_04908 )

VG
=6.1(%)

#EVe dE BEE HRh O Rk
o HAKEES FARD v ko] 20-25% 9 B
B, FgHfTel A HE MEERRE] 10.1%2 3
By, B $3S EEHRERS 1.7%
B2A #Le RS BEFMEEERT i
G ge e,

2) ha®k W8t 9 BREHMEER
BAERE MRS BT 4R ha¥ MRS
79.58m’) 3 o] 9] 4 MMERES 6.14me]H
o] & 95%°] fEMEIEY EME& 2 FTR&S mEe
Lopwd o EHEBRE 5.77~6.51m] g},

3) Ltk HBEEK B
2] Table 94 Wtz a2 T 23349 #HE
ER MMAERR ¥ MWRERSE S U3 AL R
2 3o ko] MEERER BA MREERES

DBH | Tree | Volume |Difference| Difference Annual DBH increment Annual volume increment Total‘amual volume Total
class | height | of single |of volume |of corrected of per tree of per, tree Number increment volume
(H) tree ’ volume {cm) (m) of trees ()
(cm) (m) (m) (m) (m*) | Maximum | Average | Minimum | Maximum | Average | Minimum Maximum | Average | Minimum|  (m’)
10 10 | 0.0420 | 0.021 | 0.0185 | 0.670 | 0.608 | 0.546 | 0.0062 | 0.0056 [ 0.0051 3 | 0.0186 | 0.0168 | 0.0153 | 0.1260
12 11 | 0.0630 | 0.027 | 0.0240 | 0.641 | 0.598 | 0.555 | 0.0077 |0.0072 | 0.0067 9 | 0.0693 | 0.0648 | 0.0603 | 0.5670
14 12 ] 0.0900 | 0.024 | 0.0255 | 0.617 | 0.588 | 0.559 | 0.0079 {0.0075| 0.0071 | 14 | 0.1106 |0.1050 | 0.0994 | 1.2600
16 12 | 0.1140 | 0.037 | 0.0305 | 0.604 | 0.578 | 0.552 | 0.0092 | 0.0088 | 0.0084 | 18 | 0.1656 |0.1584 | 0.1512 | 2.0520
18 13 | 0.1510 | 0.032 | 0.0345 | 0.606 | 0.569 | 0.532 [ 0.0105 |0.0098 | 0.0092 | 12 | 0.1260 [0.1176 | 0.1104 | 1.8120
20 13 | 0.1830 | 0.035 | 0.0335 | 0.614 | 0.559 | 0.504 | 0.0102 |0.0094 | 0.0084 3 | 0.0306 | 0.0282 | 0.0252 | 0.5490
22 13 | 0.2180
Total
(0.08h2) 59 | 0.5207 |0.4908 | 0.4618 | 6.366
per ha 737 | 6.5088 |6.1350 | 5.7725 | 79.575
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Fig. 2. Volume-DBH relationship of Pinus banksiana
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Fig. 3. Volume-Height relationship of Pinus banksiana
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