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Effects of Local Climatic Conditions on the E'arly Growth in Korean White Pine

(Pinus koraiensis Sieb. et Zucc.) Stands’
-Relation between Annual Increment and Local Climatic Conditions-

Sang-Keun Chon' Man Yong Shin’
'Department of Forestry, Kyunghee University- ‘Department of Forest Resources, Kookmin University
(Manuscript received 3 August 1999)

ABSTRACT

This study was conducted to investigate the effects of local climatic conditions on the annual increment
of Korean white pine planted in Gapyung and Youngdong. For this, stand variables such as 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, annual increments for 8 years from stand age 10
to 18 were calculated for each of stand variables. A topoclimatological technique which makes use of
empirical relationships between the topography and the weather in study sites was applied to produce
normal estimates of monthly mean, maximum, minimum temperatures, relative humidity, precipitation, and
hours of sunshine. Then, the yearly climatic variables from 1990 to 1997 for each study site were
derived from the spatial interpolation procedures based on inverse-distance weighting of the observed
deviation from the climatic normals at the nearest |1 standard weather stations. From these estimates,
17 weather variables such as warmth index, coldness index, index of aridity etc., which affect the tree
growth, were computed on yearly base for each locality. The deviations of measured annual increments
from the expected annual increments for 8 yeary based on yield table of Korean white pine were then
correlated with and regressed on the yearly weather variables to examine effects of local climatic
conditions on the growth.

Gapyung area provides better conditions for the growth of Korean white pine in the early stage than
Youngdong area. This indicates that the conditions such as low temperature, high relative humidity, and
large amount of precipitation provide favor environment for the early growth of Korean white pine.
According to the correlation and regression analysis using focal climatic conditions and annual increments,
the growth pattern of Gapyung area corresponds to this tendency. However, it was found that the
relationship between annual increments and local climatic conditions in Youngdong area shows different
tendency from Gapyung. These results mean that the yearly growth pattern could not sufficiently be
explained by climatic conditions with high variance in yearly weather variables. In addition, the poor
growth in Youngdong area might not only be affected by climatic conditions, but also by other

environmental factors such as site quality.

Key words : Korean white pine, annual increment, local climatic conditions, inverse-distance

weighting, topoclimatological technique.

Corrsponding Author : Man Yong Shin(yong@kmu.kookmin.ackr)
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Table I. Summary of topographical characteristics for study sites.

Longitude

Youngdong

127° 557

Elevation Slope Aspect
200m 20~26" S30° E
500m 30~35° S$30° W
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Table 2. Weather variables estimated by 6 climatic normals.

W eather variables

Dgscriptions

X (T) Warmth index
X: (C) Coldness index
Xs (mm/ C) Index of aridity
Xs (%) Monthly mean of relative humidity
Xs (%) Mean relative humidity for the growing season
Xe (%) Mean relative humidity for 3 months in the early growing season
X7 (mm) Annupl precipitation
Xs (mm) Monthly mean of precipitation
Xs (mm) T otal precipitation for the growing season
X (mm) T otal precipitation for 3 months in the early growing season
X (mm) T otal precipitation for 5 months of non-growing season
X2 (hours) Monthly mean of sunshine hours
X (hours) Annual hours of sunshine
X1+ (hours) Total hours of sunshine for the growing season
X5 (hours) Total hours of sunshine for 3 months in the early growing season
X (C) Sum of differences between monthly m.aximum and minimum
temperatures for the growing season
X1 (C) Sum of differences betwedn monthly max_imum and minimum
temperatures for the non-growing season
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Table 3. Summary of stand variables by stand age and locality.

Age | Site’ N DBH (cm) HT (m) BA/ha(m?) V/ha(m®)
10 Gp 1804 37113 1906 2.2 3.1
Yd 1456 1.1 06 1.0£04 02 02
1 Gp 1797 4114 25%k07 26 47
Yd 1451 15£038 13£05 04 ‘ 04
12 Gp 1781 4715 29%07 34 6.7
Yd 1451 2010 17206 0.6 0.8
13 Gp 1771 54+ 17 36108 44 10.2
Yd 1451 23+ 1.1 20£07 0.8 13
14 Gp 1766 59+ 17 42+£09 52 13.5
Yd 1451 3018 23%£08 1.4 23
15 Gp 1760 67t 19 48%1.0 6.8 193
Yd 1450 3615 27409 1.7 35
16 Gp 1742 8§2+25 53%09 99 307
Yd 1416 40+ 17 33£1.0 2.1 49
17 Gp 1731 9.0+27 59 1.0 119 40.5
Yd 1414 48t 19 39k 1.1 29 7.7
18 Gp 1722 99+29 6.3E 1.1 143 517
Yd 1409 55t2.1 44f12 39 11.0
" Gp : Gapyung, Yd : Youngdong.
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Table 4. Annual increment for stand variables by stand age and locality.

Mean Diameter Mean Height Basal Area Volume 3
Age | Year |Site Increment (cm) Increment {m) | Increment(m /ha) | Increment (m/ha)

Real | Table” | Real | Table Real Table Real Table
o= 10 [UR 00 | 055 | o3 | o3 | o2 | o35 | 03 | o
n-iz oot | 808 | a3 | os | o3 | o2 | s | os | 122
=13 1992 |0 0T | 05 | aa | o3 | o3 | oss | os | 160
3141998 |0 0 | 0ss | o5 | oss | os | om | 1o | aus
415|194 | 01 08 | 050 | o4 | o3 | o5 | om | 12 | 278
is=16 1995 | 00| 0 | Ggo | s | o3 | o4 | ose | 1x | 334
lo=17] 1996 | %1 05 | oer | os | om | os | os | 23 | 39
=18 97 | 81 00 | 06 | o5 | os0 | 1o | oo | 35 | 450

‘The expected annual increment obtained based on yield table of Korean white pine at the specific stand age..

Table 5. Estimates of monthly normals for 6 climatic variables by locality.

Climatic Variables
Month | Site | Mean Max. Min. Ralative |Precipitation| Sunshine

Temp.(C)|Temp.(C) Temp.('C) |Humidity (%) (mm) Hours(hour)

I Gp -5.7 1.1 -119 69.0 18.0 168.6

Yd -47 0.7 - 10.0 496 24.0 1719

) Gp -23 45 -89 64.8 232 173.9

7l yd | _-o1 54 -62 48 4 326 175.7

3 Gp 28 109 -28 643 42.1 2063

Yd 42 11.5 -25 59.2 548 208.5

4 Gp 99 19.2 32 595 78.6 2254

Yd 12.2 19.0 3.1 589 69.2 268.9

5 Gp 152 253 7.6 63.5 110.8 2572

Yd 15.1 237 99 544 91.6 2553

6 Gp 215 289 139 73.0 143 .8 215.1

Yd 21.1 27.1 16.6 71.8 166 .9 231.0

7 Gp 22.8 307 19.1 809 392.7 2094

Yd 232 285 204 834 282.0 1939

g Gp 23.1 30.6 19.7 84.2 3177 2129

Yd 237 307 20.5 78.9 2358 2117

9 Gp 18.2 264 133 76.0 1304 191.1

Yd 18.7 26 .0 13.0 74.1 114.1 196 .3

10 Gp 11.6 22.7 53 693 48.2 197.5
Yd | 125 214 96 564 48.7 2242

1 Gp 4.5 10.9 -1.2 70.7 47.0 151.7

 lyd| 49 s 02 | 692 443 161.1

12 Gp -25 39 -73 758 22.9 1613

T lvdl 22 | s0 | -57 66.7 245 1624

Gp 99 17.9 4.2 709 t14.6 197 .5

Mean !
_____ lyd, 167 | 175 | 60 642 99.0 205.1
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Table 6. Yearly estimates

of 17 weather variables for study sites.

W eather Gapyung Youngdong

Variables | 1990|1991 (19921993 | 1994|1995 | 1996 | 1997 | 1990| 1991|1992 | 1993 { 1994 1995 | 1996 | 1997
X 89.487.1(842/82.0/962/842(86289.2(879(829/81.1/778 918794 ,815|836
X2 26.0130.2|264|27.827.4(33.2|380(274(222|25.7|224(243(250/294(335/243
Xs 94.1(56.5(53.4|54.0144.1 696|508 {544 710|493 |450(536/362|55.1|50456.7
X 755(705(72.7|728 704,709 !713|686|70.7,67.1(673|676!648|632|67.1|649
Xs 76.0 705726 (722|706[7051715|689|739696693 695670, 65.0|698|67.0
Xs 719627646669 |61.1/59.6|658|64.0|69.6|625|628i64.1/603|559|649 632
X1 2278 1386|1246 | 1283|1073 | 1655|1208 | 1329|1738 | 1233|1069 | 1312| 891 | 1312|1214 ! 1406
Xs 191 | 117 | 105 { 109 [90.9| 140 |94.9 | 112 | 145 | 103 | 89.1| 109 | 74.2| 109 (936 | 117
Xs 2050 1267 1130|1181 1036|1589 | 1094|1176 | 1454|1061 | 925 | 1148| 810 | 1205|1030 1167
X 655 | 303 | 286 | 439 | 296 | 168 | 345 | 454 | 557 | 308 | 279 | 469 | 317 | 212 | 461 | 501
Xu 245 | 137 | 134 | 121 545|844 | 131|171 | 284 | 172 | 144 | 165 {809 | 107 | 184 | 239
X2 156 | 194 | 175 | 170 | 183 | 173 | 165 | 188 | 169 | 195 | 185 | 182 | 205 | 198 | 191 | 207
X 18732333 12099|2043{2195{2079 2149|2254 {2030 2338 (2213|2184 2458 | 2369 | 2470 | 2486
Xu 1229|1555 [ 1381|1350 | 1387 [ 1245|1280 142D | 1342|1612 | 1468 | 1419|1550 1438 | 1450|1575
Xis 482 | 750 | 666 | 572 | 634 | 646 | 571 | 590 | 559 | 810 | 736 | 657 | 696 | 752 | 650 | 696
X 96.5| 108 | 100 | 104 | 107 | 104 | 106 | 107 |{91.7[99.0{96.4 {983 | 104 | 101 | 101 | 102
X7 563 [615|58.1]574(63.6[69.2(74.7|684|948|984/979/97.2| 104 | 107 | 115 |98.8

Table 7. Correlation between annual increment of 4 stand variables and 17 weather variables

in study sites.
Weather Annual Increment in Gapyung Annual Increment in Youngdong
Variables | ppy | Height Basal 1\ olume | DBH Height Basal | § olume
Area Area |

X: -0.7816™" | -0.8705"""
Xs -0.7157" -0.9090"""
Xs -0.7165" -091777"
X 0.7541" 0.7198"" -0.6781" |-09079"""
Xio 0.7142" 06613 -0.8709°"" | -06313"
Xn -0.8170" | -0.7773"
X 06419 0.6295°
X 0.6438" -0.7798"" | -0.7144"
X 06961 -0.6641° 0.7344"
X | -0.6292° -0.6443" | -0.6091" | -0.7476"" | -0.8311""

"' Significant at 1% level. * Significant at 5% leve, "Significant at 10% level.
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0.86
095
0.86
0.84
0582
090
0.87
096

Regression Equations
192 - 0.0181 Xz - 0.0005 Xw - 0.0005 Xus

Y =454 - 00686 X« + 0.0002 X~
Y =-053 - 0.0230 X> + 0.0162 Xs
1158 - 0.0036 Xo + 0.0065Xw - 0.1428 Xi»

-752 + 00811 Xo + 0.0017 Xus
Y =16.17 - 0.1779 Xs - 0.0018 X

Y = -13.86 + 01462 Xs + 0.0033 Xus

Y =-046 + 0.0146 Xi - 0.0013 X

Y
Y
Y

Study
Sites
Yd
Gp
Yd
Gp
Yd
Gp
Yd

by locality.

Dependent Variables
DBH Increment
Height Increment

Basal Area Increment
Volume Increment

Table 8. Regression coefficients of climatic parameters to annual increment of stand variables

Y

Al
x
I

ﬂo

2

g

o +u4%% 4% A

(e}

2]

Ay

Bolz ka1 Q3| 7}

QW el =

[ R

[}
pal

3}

ke3

\

re Aol Aol

= o gg 232 Roln ok

27185 ol

7t

3}

Hi

thm

®

el
;OO
.mvo

.

)

Aol 4

Ao ga =

oj

NgHog e B

T
L.

A3}

1

T
il

3, 1994)9h Alejgjo} L=FFe) A

O
[}

3|

i

=K
ojy

TO
!

e
0
B/

M

qE

[o]

L.

T &

1770 7]

1
B

e

0

], Ao AdAdHY

ol

gHAI7}

L.

T

171l

°

ek

=

=

290]

of sl A EH, ARAG o

Ak
G2
ik

%)

W o R
S
% 2

&
E= R
N X
1 BN
WA A
{n B X
I
) % o
mE A+
— T

e}
o) ®m ww

g
cEy
N I
A X
T ®o o
W

—_—

°

T m B
& MWK T
W W R
3 u.ﬂﬂ%
Wopp W R
T 7 AR @r
WO ]
®oEE T
oo Moo
maio.cuﬂo
)
ﬂvﬂ.ﬂo
ﬂoﬂo s
oz B oy
T 7o o 2o
ﬂ_.w_,o*w
ol o)
o 2o F
moqumomﬂ
@.ﬁOUrﬁ
B T g
UJﬁolﬂ
oo
o W W
T R W

A (X17) 9k

ki

#7170 #a7)es HA7)ee Aol

a}

ERIPSE LS

el

3y

7

ol

L

L

LA EG

T A= Uy

A ge 7709 1Fus

A

e

V

a0

H|

C o

s

1ejh 2 o)Al AL

bl
3}

H



AXe AAATE 7
HAAL 082~087, 2132 ATAGFL 084~0962
= 23] Ay =ES Hol

>
2

ki
o »
oX
of,
&
oz L fo
o ¥
3 H
) =
2
A )
S o
Lo o
av)
= Y
o -_—g: Z
2 = o
i
o How
o X |
ok o o 18

rr

N

ok

£

N

ot

~

o

R
-
=
o

L

i

s
o B ol 2

o
)
ofy
f“
o)
=l
of
u
©
|
1,
jﬁ N
ol ‘z’
23
=
"
i3 ’

ERT
2
il
2

o of
2
o
32 of
(s
S

no

A

o= 1B

o

=2

of,

O

o

=)

i

pay

o

ku

sk

[
TEOE 4

-

10 40 X o fQ L 3 ool 10 a0 Q ol M O o oA

ox fE Y & H OB N XN XN fr s lodd NN
) g to rlo ot 48 B 1L
N
—‘O{I
i)
2
ok
i
K
Lo
:‘ol:‘:
o
=
N
o
b
ki
4 =
s rlo
X ol op

to kI AX
ales
A
rE
¥
g
re
(L
o
oX
ot

o L >
o

fo > &2

£

I

o

Mz

Lo

o

o3l

flo

)

lo

2
O yo of

M oye ot
- N R s
. i
PRUNES NS

{
i

ot 2
L

o
e
s

e
30

<)
o

- e o ﬂ‘
r
e
X

X f T
I
N
S
e
o
o

2 A2
o
LR
=)
)
N o o e of

Lo
EHU
)
Me
2
i)
A
=2
o
Ol
ot
[ R 1C A< R v s R < A 1213

e g

¢

E,
9
"]

oz XN oo oo FL N 2
o
=
o,

o 17 o W
)

L}
N

O ok
lo
O.,>i {'TU r
i
fu
3t
u
of

e
Ir o2
oft

A=

e
°
i
E

o I
)
2

8o

o i e i
2R e

ol

k]

=

Bl

Dl
o BX
& o r8

N

R

offt

rO

0,

1o o>

N

2

fy

=

2 oA oo U -

oZ
O
o

o S

4
flo
o
g
(ol
o
ko
2

HE71EA, 1992: A= 28T 719 7Y ¥
7195 2 AT, 379p.

B2, 1975 Y7188 FEAL 331p.

=o) 2, 1983: 7)Aol 9 F f-Elye} AdEsFe
A& 2 AX Ao BE AT, FFY)
=], 62:1-18.

H, 1981: dA71%, 1362p.

BE, A9, 1994: A%, BEF R 711} S

RG] v A gk, stao)srs] A,
83(3):380-390.

AL FAL, 1992: 7148 wak 2AL(1AbY, 244p.
FTAAETAE 1993: ot R F EAE WA o
2 71387 st 22123, 306p.
FRALEAL, 1994: 5t B T EAY d-d u
& 71484 w3 223, 264p.

ARhg, &Y, 1992: A -7 BAA A 93 AF

of ¥ VIR X F4, FHYs]H]
81(1):40-52.

AlThe S AU Aoz 1999 FHEATIE L o] &3
AE d Hw AL FUNolyd F4, o
gl A EAISRS]R], 15(1)9-20.

Loz

A7, 1985: 2 FHE, FEA} 491p.
Ad @, o) 54, uhdA, 1982: 7141z} AE 2

Huye] g2ty AANY 9 FadFae] &
A AL AR, A =234,
21:117- 120.

g, AN, BT, M, ATT, 1999: AFE
T 27188 SAH 713y 9% -3
N E TG F vz Feke] B, 7Y
<] 88(1):73-85.

BElE, o] 98, 1965: FFAIAAEY D HAHAFE,

A =E3, 10:329-435,

HhebT, 1988 FpF-e} AR AP A T

Key-Year, ¢k ¢/ot3] x|, 77(2)216-221.

A, ol AN, 1985 FRAHe] AU o B3
A, 35, FAEE vixE 9, Zdgsta
=g, 22:118- 131

B B8, 1993: AMeDAS EX D Meshib, BERL,
48 (4)379-383.

Carmean, W. H, 1954: Site quality for Douglas- fir

A,

in  south-western Washington and its

relation to precipitation, elevation, and
physical soil properties, Soil Sci. Soc.
Amwe. Proc., 18:330-334.

Clutter, J. L., J. C. Fortson, L. V. Pienaar, G. H.

Brister, and R. L. Bailey, 1992: Tim ber
management: A quantitative approach,

Krieger Pub. Co., 333p.



and D. A. Norton,

growth of pinus

1990: Climate and
sylvestris at its upper
altitudinal limit in Scotland: Evidence from
tree growth-rings, J. ¢ Ecol, 78:601-610.

Jackson, D. S, 1962: Parameters of site for certain

Grace, J.

growth components of slash pine, Duke
Univ. School of For. Bul. 16, 118p. '
Kramer, H, 1988: Waldwachstumslehre, Paul Parey,
374p.
Nakai, K, 1987: Japanese system of the
meteorological information service to user
communities ncluding the education and
WMO

and training in

training,  Preprint from the
symposium on education
meteorology with emphasis on the optimal
use of meteorological information and

products

Park. UK., 13-18 July 1987,

by all potential users, Shin-field

Okamura, T, 1987: Mesh climatic data-present and
prospect of production and application,
Tenki, 34(3):25-42.

Sander D. H. 1971: Soil properties and siberian elm
tree growth in Nebraska wind-breaks,

Soil Sci., 112(5):357-363.



