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ABSTRACT

In this study we investigated the effects of the microclimatic conditions on tree growth in different site
types for natural deciduous forests in Korea. First, we classified all the sites into 36 types according to
their aspect (east, west, south, and north), elevation (higher than 1,000 m, 700~1,000 m, and lower
than 700 m), and topographical conditions (ridge, slope, and valley). For each site type, we measured
diameter growth with increment borer, and then estimated periodic annual increment of diameter,
height and volume. We applied a topoclimatological technique for estimating microclimatic conditions,
and produced monthly climatic estimates from which 17 weather variables (including indices of warmth,
coldness, and aridity) were computed for each site type. The periodic annual increments of diameter,
height, and volume were then correlated by regression analysis with those weather variables to
examine effects of microclimate on tree growth by site type. We found that the correlation of diameter
growth by site type was significantly correlated with most weather variables except daily photoperiod.
Water condition was the most important factor for the height growth. For volume growth, on the
other hand, the conditions such as relatively high temperature and low humidity provided favorable
environment. OQur regression analysis shows that aridity index is a good predictor for tree growth
including diameter, height and volume increments.

Key words : Periodic annual increment, Microclimatic condition, Site type, Natural deciduous forest,
Topoclimatological technique

LM = Q2o e WA Tl $7489) ol 7]
4 8918 Q1914 2o] BrFssly] W] P A
2 e Qe Suol deRoR el FA by 28 0l JIANe) S

A A el iR B 2 Fedel St
shaL gl= FAlolet. mekA £EH14_£ A=
P72 A E}d5de S48 Asixe
A Rt QAFEER S8 g 29 W
o] & ARl tigk gHo| &go] agE. I

Bash, oleid Age] 59 Falo] 750 P
UZe HA B A= @ A 20S T
S =Y o] 47 S| Hrk FelzlelchNoh,
1983).

153 A Bolol AR B85} A8 v

Corresponding Author : Man Yong Shin (yong@kookmin.ac.kr)



Man Yong Shin et al.: Effects of Microclimate of Different Site Types on Tree Growth in Natural... 10

AHINNE A% 71l st FHEske Gl
HEZ JJATHChung and Lee, 1965). ©]2I3 3HA|

e

E FH3lal F v AlRslE PERE SHsb) 9
shte ARle) A7 7 gl siete] BasiAe

At 7VFESEE ek A A V1% 9t
o}o] golalx| Fairt. ey el A 715 Jgk
< HR= o8] 7R 891 FollA HlwA zlEe] 4=
ol golalar A8} 7Fsst AAJMAE o]8-<t 7|
S5Aol S A7t =] Sith(Hopkins, 1968;
Nakai, 1987).

o] AL fH4 2919 8474 2 5 Uk
3k QlAjo] ofaf HFERS wh=t|, 1 S|4 7131}
15 A H|Xe @Fo] o= HAERIAE Tk
AL 279G AgSHel dagh Fask Aot
A o] YRS FRstetar A7 ti A 73
o At 7P HSARRE Y 7I5ES o835t
AP 715 BARS NEge 2N n71es F48)aL
H|71$7} 278800 mlRle FEs FEE A 5
= 1} AcKShin er al, 2001). 22} JA 24
9] AAZQ] A Wk 95| S8 Alaa,
tys, APz i dAREE vE =
7o) Q& A, 53] AR o} A
I ARG vXE YIS HFH o= = A
7} dasit.

B Ao WA ZFEs el Xg A
ATHS o= AY 715EHRl WS o83t
o H7|1$E FAAL, A7 tPIAE AF, aPEas
2 Ao wet 36709 YARFRHoRE FES & 7
PAFE A7, oL B AXRAEZS gelsislth
o]9} o] T w7} ] A B 3R
25 B3l QARFFE n7)$ Z270] HA i
o] JEBA| WA= JIFS AT

o

L2 % Yy

2.1. 917 CHakX]|

E dAe sRAREA Ak H3a-REdea
Tl A1 7 doje] HA Fh/E AR
2,39%has o= AAston, A7 didAlE &
9 37°25'-30, B74 128°30°] YRSk At AT
tdA9] 7S dhe 2t 5 B 55l &34 (Yim,
1977), A7+ dPdAelA 71 7W7ke: 7P3aE541 o]

73 B354 AR osd dHTE F =
11.1°co|H, A%dd FALTE 1.7°C, 183l AR

FET 74%2 HlwA =X, 4-599] A=)
HA 30~40% Bl =A| el 7 Agol| gk A
o] IAREO] Wi =2 Ao dEA St sda
= 600~1,500mol] F-EEo] A3, 1,000m o]k A
F AHellx= gl &3l 5% WISl Yo
H, 2ok Hulgl T A3|ko g o] gl Ak
Ege H33F A Eo|t(Korea Forest Service,
1992).

AT WA P A ol HA
70%< AFABPAX AR, SR, LR AU
SUF 59 -8 Eh5 3098F0] B¥slar 9lon,
Uz AAFELe Q1 oR AAE AT Ui
T A Ao g F43=o] QtkShin er al,
2001).

oy 12

2.2. YX|FEE 07| £H

A A P3RS Wert vy) wiEel BE
JE%W 7153 H(Nakai, 1987; Shin and Yun,
1992; Shin et al, 2001)) 23] LAT 7HA<] 4
2L SR= w715 FsaL vk a2 715
e 2t 27 Bsle] A} A5 Tlggke 2y
AT BANE B2 F, o] WANZRE U
W 71 g AEShe Jelth, B Aol
ATt oIS Al H e Tkt F, 9F,
AL, L, =, AT, S8, A, A, 2= &
Aol 17l #SAERE 719 7R R} v)7)$o|
FEE Bol PXHA BlaA kst goldk A&
AS 0|83} (Korea Water Resources Corporation,
1993) A& 713844 wpgo g AT giatAe] v|7|3E
Tkt

ARz o7 QJEAge] FEFS Wol HAE 71l
A= 7R, Hale, HATE, s, 3,
)3 dRAISE A t(Sander, 1971; Son
and Chung, 1994). ¥ Alx= oPde] o7 71
RS AlskE AR gl XA L Hd
7199k EEdIeH, 719gkel e 1) At
7VdBEAT} IAIF AR ARS8l
AT A FAAEZTE LoA= AP 100m
FHS R ool F 2400709 7t AAPE s



11 Korean Journal of Agricultural and Forest Meteorology, Vol. 10, No. 1

ARE ARgSle] AT o] ARIAE Fgste)
k. 7 7PaSaelM E ARl tigh 7]
Tt geslE AP ARE ol8sle] A7 W
o) 2 B k) 34 B4 el
(Shin et al., 2001).

A g, 71SghEE SH APAE AF

Aspect

[INorth
[ East

I south
I West

Elevation

Lower
O than 700m
[ 700~1,000m

Higher
= than 1,000m

Topographical Condition

[Jvalley
[ slope
B Ridge

Fig. 1. Classification maps of site types in the study area.
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Table 1. Climatic variables estimated by 6 climatic normals

Climatic Variables

Descriptions

Xi(°C) Warmth index

X5(°C) Coldness index

X3(mm/°C) Index of aridity

X4(%) Monthly mean of relative humidity

X5(%) Mean relative humidity for the growing season

Xo(%) Mean relative humidity for 3 months in the early growing season

X7(mm) Annual total precipitation

Xg(mm) Monthly mean of precipitation

Xo(mm) Total precipitation for the growing season

Xo(mm) Total precipitation for 3 months in the early growing season

X i(mm) Total precipitation for 5 months of non-growing season

Xi2(hours) Monthly mean of sunshine duration

Xi3(hours) Annual sunshine duration

Xi4(hours) Total sunshine duration for the growing season

Xs(hours) Total sunshine duration for 3 months in the early growing season

X16(°C) Sum of difference between monthly maximum and minimum temperatures for the growing season

X2(°C) Sum of difference between monthly maximum and minimum temperatures for the non-growing season
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Table 2. Estimates of individual tree growth for last 5 years in the study area

Aspect Elevation Topogre}phlcal DBH Increment  Height Increment  Volume Ir;crement
Condition (mm) (m) (m?)
, Ridge 1.9 0.35 0.0214
Higher than Slope 127 0.46 0.0215
1,000 m
Valley 12.0 0.40 0.0150
Ridge 142 0.73 0.0303
East 700~1,000 m Slope 15.0 0.69 0.0228
Valley 136 0.63 0.0203
Ridge 153 0.50 0.0165
LO%eOrg]‘a“ Slope 18.1 0.68 0.0215
Valley 18.7 0.88 0.0293
igher Ridge 1.8 0.45 0.0241
1gher than
. Slope 17.5 0.79 0.0357
Valley 143 0.71 0.0260
Ridge 115 0.50 0.0190
West 700~1,000 m Slope 138 0.57 0.0321
Valley 146 0.72 0.0268
Ridge 17.6 0.42 0.0192
Lo%%rrﬂ;a“ Slope 200 0.76 0.0268
Valley 154 0.55 0.0195
. Ridge 1.7 0.30 0.0263
H;ggggt&a“ Slope 9.6 0.28 0.0186
. Valley 10.1 0.32 0.0168
Ridge 116 031 0.0182
South 700~1,000 m Slope 12.9 0.45 0.0209
Valley 135 0.60 0.0287
o Ridge 148 0.48 0.0164
ower than
e th Slope 148 0.49 0.0150
Valley 142 0.70 0.0181
, Ridge 12 0.46 0.0167
Higgggtﬂla“ Slope 12.0 0.52 0.0336
. Valley 10.5 0.54 0.0220
Ridge 12.0 0.57 0.0269
North 700~1,000 m Slope 12.1 0.77 0.0304
Valley 132 0.63 0.0281
et Ridge 125 0.48 0.0150
ower than
er th Slope 19.1 0.92 0.0276
Valley 123 0.50 0.0184
o tjsl FA ]7‘—'] zlole] fH-5 RIS H 3 FAHE B APAT AF APHo| o] 9531, ol
B2 AR F, HH Ao} ABE A5 Duncan 5 Al 25 AIS] 273550 W) AR

]
o CEWES AAT A Tble 31 20k W AT Ao} BAHCE, ST 2 1 el Ay
W AR A% A, B AR, B AN, U8, 5 5% AP A% AN 93 U A
G Apls] £ SRRE % 4 Ak B 2% Avie 2 AUl sl BAR Aol
el AP T NS DO TREEE, gt 2o Utk shimed A348Fe ue
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Table 3. Results of Duncan's multiple range test for periodic annual increments of diameter at breast height, height, and
volume by site types

Duncan's Multiple Range Test

Site Types
Diameter Increment Height Increment Volume Increment
East 1.46a* 0.59a 0.0221ab
A . West 1.52a 0.61a 0.0255a
spee South 1.26b 0.44b 0.0199b
North 1.28b 0.60a 0.0243ab
Higher than 1,000 m 1.21b 0.47b 0.0231ab
Elevation 700~1,000 m 1.32b 0.60a 0.0254a
Lower than 700 m 1.61a 0.61a 0.0203b
hical Ridge 1.30b 0.46b 0.0208b
Topographica Slope 1.48a 0.62a 0.0255a
Conditions
Valley 1.35ab 0.60a 0.0224ab

*Same letters stand for no significant differences using Duncan’s Multiple Range Test at 0.05 probability levels.
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Table 4. Analysis of correlation between periodic annual increments of diameter, height, and volume and 17 climatic

variables

Climatic Periodic annual increment Climatic Periodic annual increment

variables Diameter Height Volume variables Diameter Height Volume
X, -0.7044%* -0.6395 0.6236* Xio -0.6935* -0.6263 0.4949
X, 0.6756* 0.6537 -0.6555* Xy 0.7214%%* 0.8824** 03191
X; 0.8511%** 0.7438* -0.4895 X2 -0.3248 -0.2696 0.3889
Xy 0.7567** 0.5184 -0.7842%* Xis -0.3248 -0.2696 0.3889
Xs 0.7688** 0.5605 -0.6803* Xis -0.2636 -0.3708 0.3363
X 0.7316** 0.5598 -0.6092%* Xis -0.1659 -0.4850 -0.3290
X 0.8270** 0.7763* -0.3750 Xi6 -0.3987 -0.1064 -0.4046
Xg 0.8270** 0.7763* -0.3750 Xi7 -0.6838* -0.3923 -0.3241
X 0.8376** 0.7054 -0.4985

*Significant at 5% level, **Significant at 1% level.
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Dependent . . b
Variables Regression Equations r
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Volume Increment Y = 1.326+0.005X3-0.021X, 0.61
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