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Characteristics of the Early Growth for Korean White Pine
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Local Climatic Conditions on the Growth'*

- Relation between Periodic Annual Increment and Local Climatic Conditions -
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ABSTRACT

This study was conducted to reveal the characteristics of the early growth by locality for Korean
white pine planted in Gapyung and Kwangju, Kyunggi-Do and Youngdong, Choongchungbuk-Do. The
effects of local climatic conditions as one of environmental factors on the growth were also analyzed.
For this, several stand variables such as number of trees survived, mean DBH, mean height, basal
area per hectare, and volume per hectare by stand age were measured and summarized for each
locality, Based on these statistics, periodic annual increments for 8 years from stand age 10 to 18
were calculated for each of stand variables. A topoclimatological technique, for the estimation of local
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climatic conditions, which makes use of empirical relationships between the topography and the
weather in study areas was applied to produce reasonable estimates of monthly mean, maximum,
relative humidity, precipitation, and hours of sunshine over remote land area
17 weather variables such as

minimum temperatures,
where routine observations are rare.
warmth index, coldness index, index of aridity etc. which affect the tree growth, were computed for
each locality. The periodic annual increments were then correlated with and regressed on the weather
variables to examine effects of local weather conditions on the growth.

Gapyung area provided the best conditions for the growth of Korean white pine in the early stage
and Kwangju area ranked second. On the other hand, the growth pattern in Youngdong ranked last
overall as expected. It is also found that the local growth patterns of Korean white pine in juvenile
stage were affected by typical weather conditions. The conditions such as low temperature, high
relative humidity, and large amount of precipitation provide favorable environment for the growth of
Especially, the diameter growth, basal area growth, and volume growth are
it is proved that the height growth is

From these monthly estimates,

Korean white pine.
mainly influenced by the amount of precipitation. However,
affected by both the precipitation and temperature.

Key words : Kovean white pine, periodic annual increment, local weather conditions. topoclimatological
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Table 1. Summary of topographical characteristics for three study sites.

Site Latitute Longitude Elevation Slope Aspect
Gapyung 37°52° 127734 200m 20~26° S30°E
Kwangiju 37721 127°22° 250m 25~33° S40°E

Youngdong 36707 127°55° 500m 30~3° S30° W
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Table 2. Climatic variables estimated by 6 climatic normals.,

Climatic variables

Descriptions

Mean relative humidity for 3 months in the early growing season

Total precipitation for 3 months in the early growing season

X1 (T) Warmth index

X2 (C) Coldness index

X3 (mm/T) Index of aridity

Xy (%) Monthly mean of relative humidity

X5 (%) Mean relative humidity for the growing season
Xs (%)

X7 (mm) Annual total precipitation

Xg (mm) Monthly mean of precipitation

Xy (mm) Total precipitation for the growing season

Xy (mm)

X (mm) Total precipitation for 5 months of non—growing season
X2 (hours) Monthly mean of sunshine duration

X3 (hours)
X4 (hours)
Xi5 (hours)

X5 ()

Xy (T)

Annual sunshine duration
Total sunshine duration for the growing season
Total sunshine duration for 3 months in the early growing season

Sum of differences between monthly maximum and minimum temperatures
for the growing season

Sum of differences between monthly maximum and minimum temperatures

for the non-growing season

<R gt

1. AY9E XS =7 43 &Y
1) d8gd gEES

A9 %o Hste g2 A& B4 7t A
g dd ¥ UEE YehlEs Heg, o
2o A A AYE £ ¢tk "©s
g Arolth, a¥ 12 7 A4 AR haw
2,50082 shtyr AlA) 2719 &F3g9 A7
2l At W FH &3] ARl ZA b
A2 245 dEE 2 Jehd Zloldh, 19834
2o 2-28F AWz AN F 5d4e] H
19843l Aoz A A 7192 2,002
olm BFF= 1,8828- 02 7+ 80% < 75% < A
EFEL By} d%L 1,648R 22 66%2 A
£8¢ el A 27158 AG3 AE: B
ol gle] & ol & vehin}, A9y A%
BEEE e 2idd HHE EFAE o]Ldly
ubol A1zl &, 25709 FUdF JHAIE 10084 4
A Ao, ¥ AAZ & o= $HAHA 2
olrche AHHY] AA, A F WS #

e el M), 103 WA E g
ztz} 1,805€(72.2%), 1,4608(58.4%)2t 1,450
E(B8%)o.2 5d% 7zt 8%, 17%, 1811 8%
A oJFo] ;AN Aoz Jeht 27)9 A&
3 M3ty FF Qe irb F= o,
53] 5de] o A 1594 AL 1%
Zrag 1,728 45 B3 fEo] AR}
1,4508 2.2 A&gdMe o ol4te vl ¢
RAE, FF 2ADL o 3%7F st 1084
o]l ¥2 AE B o X Hd vty A
22 4o Fol & AL & 4 9. 283
1834 dajole 71ge] 1,7728(69%)°1 2 F5
= 1,331822 53%°lx, 9% 56%< 1,409
Eod 719 GEL A 5dACA Vet a2
°]7} 18 Y7HA] A &H o2 FAs F Ao
AE B4 Yo #AMel oF 300~350% W
28} zolE oW X4 #HAHEE bz
A, FF G dFe] AXWA AdA
9] ZFo]l A thx o E X E Holw gt}
Avpd oz 71ge] x¢7 g A Hel| H]3}o
F Aoz Adsed, ALY =Y Y=



78 HRF Ao Rk R MRS e

2200 —=— Gapyung
- —0o— Kwangiju
\_\_ —e— Youngdong
m1800 R\)\ e e o .
S 1600 >
1400 M
1200
1000

5 6 7 8 9 1011 12 13 14 15 16 17 18
Age

Fig. 1. Change of number of survived trees by
stand age and locality
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Table 3. Summary of stand variables by stand age and locality.

, - S Basal Area/ha Volume/ha
Age | Sitex N/ha DBH(cm) Height(m) (m®) (m®)
Gp 1804 3.7t1.3 1.9%+0.6 2.2 3.1
10 Kj 1460 2.9%1.1 1.710.6 1.1 1.5
Yd 1456 1.1%£0.6 1.0+0.4 0.2 0.2
Gp 1797 4.171.4 2.510.7 2.6 4.7
11 Kj 1440 3.5%1.3 2.210.6 1.5 2.5
Yd 1451 1.5%0.8 1.3+0.5 0.4 0.4
Gp 1781 4.7*1.5 2.910.7 3.4 6.7
12 Kj 1423 4.1*1.6 2.710.7 2.2 4.0
Yd 1451 2.0%1.0 1.7+0.6 0.6 0.8
Gp 1771 5.4%1.7 3.6%0.8 4.4 10.2
13 Kj 1416 4.6*+1.7 3.210.9 2.7 5.9
Yd 1451 2.311.1 2.010.7 0.8 1.3
Gp 1766 5.9%1.7 4.2%0.9 5.2 13.5
14 Kj 1405 5.4*1.9 3.8%1.0 3.7 9.0
Yd 1451 3.0t1.8 2.3%0.8 1.4 2.3
Gp 1760 6.7t1.9 4.8%¥1.0 6.8 19.3
15 Kj 1383 6.3+2.2 4.3*%1.0 4.8 12.8
Yd 1450 3.6%t1.5 2.710.9 1.7 3.5
Gp 1742 8.2+2.5 5.370.9 9.9 30.7
16 Kj 1350 7.4%2.5 4.9*+1.0 6.5 19.0
Yd 1416 4.0+1.7 3.3*1.0 2.1 4.9
Gp 1731 9.0%2.7 5.9%1.0 11.9 40.5
17 Kj 1348 8.1+3.0 5.371.2 7.9 25.2
Yd 1414 4.8+1.9 3.9%1.1 2.9 7.7
Gp 1722 9.9+2.9 6.371.1 14.3 51.7
18 Kj 1331 9.0+3.0 5.9*+1.3 9.3 32.4
Yd 1409 5.5%2.1 4.4%1.2 3.9 11.0

* Gp : Gapyung, Kj:Kwangju,

Yd : Youngdong.
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Table 4. Annual increment and growth rate for stand variables by stand age and locality.

Mean Diameter Mean Height Basal Area/ha Volume/ha

Age |Site [ Increment Growth | Increment Growth | Increment Growth | Increment Growth
(cm) Rate(%) (m) Rate(%) (m?) Rate(%) (m”) Rate(%)

Gp 0.4 10.8 0.6 3.2 0.4 18.2 1.6 51.6

10~11 | Tc 0.6 20.7 0.5 29.4 0.4 40.0 1.0 66.7
Yd 0.4 36.4 0.3 30.0 0.2 94.4 0.3 131.6

Gp 0.6 14.6 0.4 16.0 0.8 30.8 2 42.6
11~12 | Tc 0.6 17.1 0.5 2.7 0.7 46.7 1.5 60.0
Yd 0.5 33.3 0.4 30.8 0.2 57.1 0.4 86.4

Gp 0.7 14.9 0.7 24.0 1.0 29.4 3.5 52.2
12~13 | Tc 0.5 12.2 0.5 18.5 0.5 22.7 1.9 47.5
Yd 0.3 15.0 0.3 17.7 0.3 45.5 0.5 58.5

Gp 0.5 9.3 0.6 16.7 0.8 18.2 3.3 32.4
13~14 | Tc¢ 0.8 17.4 0.6 18.8 0.6 18.8 3.1 52.5
Yd 0.7 30.4 0.3 15.0 0.6 75.0 1.0 76.9

Gp 0.8 13.6 0.6 14.3 1.6 30.8 5.8 43.0
14~15 | Tc 0.9 16.7 0.5 13.2 0.5 13.2 3.8 42.2
Yd 0.6 20.0 0.4 17.4 0.3 21.4 1.2 52.2

Gp 1.5 22.4 0.5 10.4 3.1 45.6 11.4 59.1
15~16 | Tc 1.1 17.5 0.6 14.0 0.6 14.0 6.2 48.4
Yd 0.4 1.1 0.6 22.2 0.4 23.5 1.4 40.0

Gp 0.8 9.8 0.6 11.3 2.0 20.2 9.8 31.9
16~17 | Tc 0.7 9.5 0.4 8.2 0.4 8.2 6.2 32.6
Yd 0.8 20.0 0.6 8.2 0.8 38.1 2.8 57.1

Gp 0.9 9.1 0.4 6.8 2.4 20.2 11.2 21.7
17~18 | Tc 0.9 11.1 0.6 1.3 0.6 11.3 6.8 27.0
Yd 0.7 14.6 0.5 2.8 1.0 4.5 3.3 42.9
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Table 5. Estimates of monthly normals for 6 climatic variables by locality.

Climatic Variables
Month | Site Mean Max. Min. Relative  Precipitation Sunshine
Temp.(C) Temp.(T) Temp.(T) Humidity(%) (mm) Duration(hour)

Gp -5.7 1.1 -11.9 69.0 18.0 168.6

1 Kj -5.5 1.3 -11.2 67.5 23.7 171.1
Yd -4.7 0.7 -10.0 49.6 24.0 171.9

Gp -2.3 4.5 -8.9 64.8 23.2 173.9

2 Kj -1.9 4.2 -8.2 64.0 32.2 176.2
Yd -0.1 54 -6.2 48.4 32.6 175.7

Gp 2.8 10.9 -2.8 64.3 42.1 206.3

3 Kj 3.8 10.3 -2.4 60.9 59.5 215.8
Yd 4.2 11.5 -2.5 59.2 54.8 208.5

Gp 9.9 19.2 3.2 59.5 78.6 225.4

4 Kj 10.9 17.8 2.3 54.0 83.0 227.2
Yd 12.2 19.0 3.1 58.9 69.2 268.9

Gp 15.2 25.3 7.6 63.5 110.8 257.2

5 Kj 16.3 23.3 9.5 60.1 98.6 240.2
Yd 15.1 23.7 9.9 54.4 91.6 255.3

Gp 21.5 28.9 13.9 73.0 143.8 215.1

6 Kj 21.2 27.0 15.3 73.0 149.7 217.7
Yd 21.1 27.1 16.6 71.8 166.9 231.0

Gp 22.8 30.7 19.1 80.9 392.7 209.4

7 Kj 23.6 29.1 19.6 81.4 360.4 185.9
Yd 23.2 28.5 20.4 83.4 282.0 193.9

Gp 23.1 30.6 19.7 84.2 317.7 212.9

8 Kj 24.3 30.7 19.7 84.3 283.0 194.0
Yd 23.7 30.7 20.5 78.9 235.8 211.7

Gp 18.2 26.4 13.3 76.0 130.4 191.1

9 Kj 18.3 25.3 13.1 75.8 141.8 211.9
Yd 18.7 26.0 13.0 74.1 114.1 196.3

Gp 11.6 22.7 5.3 69.3 48.2 197.5

10 Kj 11.4 21.5 5.0 67.8 51.1 224.0
Yd 12.5 21.4 9.6 56.4 48.7 224.2

Gp 4.5 10.9 -1.2 70.7 47.0 151.7

11 Kj 4.1 11.5 -1.5 70.4 50.3 165.0
Yd 4.9 11.5 0.2 69.2 44.3 161.1

Gp -2.5 3.9 ~7.3 75.8 22.9 161.3

12 Kj -2.5 4.2 -8.0 68.4 28.5 152.0
Yd -2.2 5.0 -5.7 66.7 24.5 162.4

Gp 9.9 17.9 4.2 70.9 114.6 197.5

Mean Kj 10.3 17.2 4.4 69.0 113.5 198.4
Yd 10.7 17.5 6.0 64.2 99.0 205.1
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Table 6. Estimates of 17 weather variables for 3
study sites.

Study Sites

Weather
Variables  Gapyung  Kwangju  Youngdong
Xy 87.3 90.9 91.4
X2 28.2 27.0 23.0
X3 69.0 67.0 57.4
X4 70.9 69.0 64.2
X5 72.3 70.9 68.3
Xs 65.3 62.4 61.7
X7 1375.3 1361.8 1188.4
Xs 114.6 113.5 99.0
Xy 1222.1 1167.6 1008.3
X 333.1 331.3 327.6
X 153.2 194.2 180.2
X2 197.5 198.4 205.1
Xi3 2370.4 2380.9 2460.9
X 1508.6 1500.8 1581.3
X5 697.7 685.0 755.2
X6 101.5 90.2 80.2
X7 50.8 54.0 49.4
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Table 7. Analysis of correlation between periodic
annual increment of 4 stand variables
and 17 weather variables,

Weather Periodic Annual Increment
Variables DBH  Height Basal Area Volume
Xa 0.99949* 0.99915* 0.99973*
X3 0.99960* 0.99934*
X4 0.99945*
X7 0.99991**
Xs  0.99991**
Xy 0.99834* 0.99776*
Xn -0.99739*
Xz -0.99839*
X -0.99986*

* Significant at 5% level.
** Significant at 1% level.
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Table 8. Regression coefficients of climatic parameters to periodic annual increment of stand variables

by locality.
Dependant Variables Regression Equations R®
DBH Increment Y = —0.8876 + 0.0145 Xs 0.98
Height Increment Y = —0.1874 + 0.0107 X3 0.99
Basal Area Increment Y = —0.0024 + 0.000048 X3 0.97
Volume Increment Y = —0.0121 + 0.000013 Xy 0.99
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