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SUMMARY

1. Title

Establishment of an Integrated Forest Growth Information System(FGIS)

2. Purpose and Necessity

Forest growth information is necessary for the scientific forest management.
But the existing system of data collection in the field and its management in
Korea requires much time and money. Computer based data input, assemblage
and management may expedite the optimization of the efficiency of forest
data, easy access, multiple uses and low costs. In addition, the development
of forest growth models fitted to various forest stand conditions could be
useful information for the forest management.

The purpose of the research project was to develop an integrated forest
growth information system, in which a forest database management system
would be combined with some valuable forest growth models. The system
was designed to make users easily obtain forest growth information fitted to

the objectives of forest management.

3. Contents and scope of the study

To establish an integrated forest growth information system, three technical
components were combined, i.e., Forest database management system for the
efficient management of both existing and new collected forest data;
Individual tree growth models appropriated for uneven-aged or mixed forest
stands; and Process models fitted for estimation of tree growth affected by

environmental changes.



Its scope covers :

(1) Development of forest database management system by the establishment
of forest database preparation

(2) Connection of dynamic stand growth model providing information about
the growth characteristics of even—aged forest stand to the integrated
forest growth information system

(3) Development of individual tree growth models for the prediction of
diameter growth, height growth, and mortality in uneven-aged or mixed
forest stands

(4) Development of a computer program for the estimation of the best
competition index

(5) Prediction of tree growth and spatial distribution due to environmental
changes

(6) Development of geo-morphological process model appropriate for growth
prediction in the situation of climatic and environmental changes

(7) Establishment of an integrated forest growth information system based on

computer program by combining the above technical components

4. Results and suggestions

To accomplish the goals of the research project, we have (1) developed a
computer database system, in which the existing forest data could be
systematically managed and used, (2) established a forest database
management system providing valuable forest growth information by various
forest stand conditions, (3) derived the best diameter growth, height growth,
and mortality equations by forest types necessary for the development of
individual tree growth models through statistical evaluation procedures, (4)
provided the selection methods of the best site index model among various
distance-dependent site index models fitted to a specific data, (5) analyzed
the effects of site environment and climatic changes on forest growth and

spatial distribution of species for the development of process models, (6)



developed geo—-morphological process model based on the effect analysis of
topographical and site environmental factors on individual tree growth, (7)
and, finally established an integrated forest growth information system by
combining the forest database management system with forest growth
models.

It is expected that this system can provide valuable forest growth
information for forest managers, researchers, and forest policy makers. On the
other hand, this system can be used to efficiently make decision on forest
management because of various forest growth information. It is also expected
that the budget for the data collection will be dramatically reduced because of
non-repeatability of data collection on the similar forest stands. Furthermore,
the individual tree growth models can be used to provide decision-making
tools for environment-friendly forest management in uneven-aged forest
stands. Also, the process models developed in this study consider the effects
of environmental factors on tree growth. Therefore, the technical development
coping with the urgent environmental problems such as greenhouse gas
emission and climate changes may be possible with the use of process
models.

The system may be managed by Internet base. The users who want to use
the forest growth information system, should be first registered and then
obtain the permission by the system developers. The system may be
connected to other statistical system related to forest data in the long run. It
is also strongly recommended that Korea Forest Service should have
responsibility of collection, allocation, management, and supervision for forest
growth data in order to efficiently utilize the integrated forest growth

information system established in this study.



CONTENTS

Chapter 1 Introduction ereerereeerereresterentiteniiiininieainiiireniiiniieaiiciresiiiesiie, 17
Section 1 Background ........................................................................................... 17
1. Necessity of Stlldy ............................................................................................ 17

2. Objectives and scope of Study ...................................................................... 19
Section 2 Study CONLEIIES oorrrrreerrerrnesrreernentttentttitttirtttis ettt etraaeeeees 29

1. The first study : Development of forest database management

3. The third study : Development of process mode] = eeeeeeeemmnmeemnieannn 30

4. Development of integrated forest growth information system === 31
Chapter 2 Development of Forest Database Management System - 33
Section 1 Forest Database Management System Design ««w«eeeeeeeeeeeseeeeees 33
1. System deViceS aﬂd server Selection .......................................................... 33

2. Program design Of databhase - weesssssssmsisisissisiisisi e, 33

3. Table structure of database Program - remmmsrremsissemisseeenees 34

Section 2 Development of Forest Database Management System

and the Veriﬁcation Of ItS Practical Use ...................................... 43

1. SYSEIM TEQUITEIMENE wweressereeeressssreeemsssssremmsssmsismmsssasesmssssaioessssssonssssesssnssssesee 43
2. Decision background of program developing language e 43
3. Flowchart Of J9) 0] <3 ¢ s MR L L L L L 45
4. Program installation ......................................................................................... 46
Section 3 COHeCtiOH Of FOreSt GrOWth Data .................................................... 50
1. Determination of variables for forest growth data ---eeseereseeesesesees 50
2. Database development of individual tree and stand growth «:eeee 50
SeCtion 4 COHC]USiOH ............................................................................................... 51

_10_



Section 5 References ..............................................................................................

Chapter 3 Development of Individual Tree Growth Model «--=-eweeeeeeees
Section 1 Data COHeCtiOH ......................................................................................
1. Stand survey by fOreSt typeS ......................................................................

. Measurement Of periodic annual inCrement ..............................................

2
3. Estimation of the mortality amount and mortality ratio ==«=««=-sseeeeee
4

. Investigation of competition status for individual trees by

Stand typeS .......................................................................................................

5. Development of individual tree growth prediction equations -«
Section 2 Determination of the Best Individual Tree Growth Model -
1. Stand attributes by fOTeSt typeS .................................................................

. GrOWth CharaCteriStiCS by forest types ...................................................

. Estimation of mortality amount and ration by forest types -

2
3
4. Determination of competition status by forest types -«:eeeeeeeeemeeeens
5

. Development of individual tree prediction equations by forest

6. Selection of the best individual tree growth prediction equations

by fOreSt typeS ................................................................................................
Section 3 Estimation of the best competition index e
1. Selection of estimation methods for the best competition index -
2. Competition indeX mOdGlS ..............................................................................
3. Selection method for COmpetitor LLEES trverererererernssrnesenertntttittiittititttiineans
4. Selection of the best Competition TNAEX sreerreererererrrmrrert
Section 4 COnCluSiOn ..............................................................................................
Section D References wrroreeerreerrrerraeriiii e

_11_



Chapter 4 Development of Process Model ssreeereeresesrrscstnmnnieniciiiiii. 105

Section 1 Prediction of Growth Reaction and Spatial Distribution

Changes by Environmental CHARge e 105
1. Sty AR - 106
. DDA e 106
G, MEEhO 109
4, RoSUlES A1 QSCUSSIOR s 190

Section 2 Development of Process Models with Geo—Morphological
FPACLOES w+ereeresreresrssmsrnssssssnsssssssessssssess st s s s ss s sss s sssasansas 149
1. Development of process models with geo—morphological factors for
Oak Stands ........................................................................................................ 149

2. Development of process models with geo—morphological factors for

Oak and pine mlxed StandS ......................................................................... 158
SeCtion 3 COHC]USiOl’] ............................................................................................. 174
SeCtiOl'l 4 Referel'lces ............................................................................................. 1’77

Chapter 5 Development of Integrated Forest Growth Information

SyStem ............................................................................................................... 181
2. Analysis of current forest database management system -« 181
3. System deViceS and server Selection ........................................................ 184
4. DeCiSiOl’l Of data 721 87+ SRR L L L L LRI T I 185
5. Standardization Of data ................................................................................. 18’7

_12_



2. System requirement ..................................................................................... 189

3. Program instaﬂation ....................................................................................... 189
4. Program eXeCUtiOH .......................................................................................... 191
5. Organization and user management .......................................................... 193

Section 3 Execution of Integrated Forest Growth Information

SGHEIIY +ovesereessesssssssusssssssnssessssnssstssssissssssesoss s stk s 198
1. Execution of forest database management system «-:weeeeereeseeseeneeess 198

2. Execution of individual tree growth model - 214

3. EXecution of process model - ssremsreemsmesemssncsemisessnmssesesssessesessaes 299
SECHON 4  CONCIUSION #wvrrererrrrrrrrersersresrsesessesssssssssssssses s ssssss s sassaessnes 295
Chapter 6 Overall COnCIUSION s wwsssresssseeeesssesessmssessssesesssesesssssessssesesass 296

_13_



Al 1 A A B s 17
BN = e = [ OO OSSR 17
1. AT O] T QA wereerrersseessressens st 17
0. AT HEE ELJEOF U] cerererrsreerseresseres ettt 19
A2A AFETAE AN L e 29
1 ATARETA @ AR 2T A 2B F HE e, 29
2. A2 T TFA] ¢ GE AR B O] FPHE e 25
3. ASAETA ¢ AT A RO FPHE e 30
4, B3 AT AR HA] B0 TEZE s 31
A 2F AYASHE A ZE Y FPHE e 33
A1 AHAETE] A ZRE] A A e 33
LA 22 B A D AJB] AL s 33
2. HJO]E] W] O] 22 SEE T A Z] wrerereeesseeesseesssnssssi e 33
3. O E 0] 2 R T HO]E TEE e 34
A28 APAETE] A 2E A D G A A s 43
D I T I SN 43
2. 278 PRI 0] A O] H T e 43
3. IR T B E D e 45
A, SEZ TTRNO] AL X] cereeeeeeesseeseees et 46
A3 AT A A ZF R O] G2 R e 50
L AP A ZF 0] B O AL A werererereseenieest ettt 50
2. NAE W Q)E AT ZFE LD e 50
FAZ] ZLE ceeeeereees et 51
RIS FFTLELE] oeveeeersseersseeese sttt 52

_14_



53

h e = | = I T PP
A

A 3%

53

—

o %

e

A14

53

56
58
58
60

-y

fuse)

ol

o}

_Zrl
~o

Hr
!

66
- 66

P
B
il
oH
il
<0
oH

63
70
72

I6
.83

_Zrl

2
g

X
o}

_ZTI
ﬂ

~o

i
)
"
N
)l
<0
!

94
04
05
06

|34

&
T
o)
Gt

=0

ARAF 574

E

1.

7o

¢

2. 3AA

TR
jing

0
T

Hr
ﬁo

98
99
101

el A

73 YA

4. #4

pugl

44

105
105

_z.?

—_—

=y
g
23!

Ho

&

14

106
106

o
it

3

120

_15_



A2A A FERFA AT F T O] FPHF e 149

1. Y5 Aade)srd Aa]z Talo] 7k 149
9 2R AUEE A A A RO A s 158
A ZAE e s 174
A4 FEILTET] e 177
A5F BEF AYAAZAR ARHY TI s 181
A1A EE A AR B A 2B O] FA] s 181
1. 28 A AR RA] 2 L3 A A e 181
2. 71E AHAETT] A RE] BEA 181
3. A28l ZH] ] A 184
4, HOJE] Q] HHS] A e 185
5. TJOJE] TETEG] rrererrerrermrenie 187
A2 B AR AL A BH A ZREO] ARG HFH s 189
o TH QL oeeremeeesems et 189

2. TR TR O] AFE BFZ] s 189
3. EE O] A R] et s 189
A, T T O] AL G et 191
5. 7] T T AFG A THE] oo 193
A3A  EE A AR B A 2B O] A G s 198
L AR AL HE] A 22BN O] AL 8] s 198
2 TFEL AR ZF 1T O] AL G wereesersenieiseniseesseie st 214
3. AT A FE O] AL B e 299
AT ZIE et 295
A 6 BF AE e s 296

_16_



e

o]t
o},

9

8

)
=

#d Ao
A 17}

}

9]
pad

el o

L
R

A oA
149

= %'6

=

&k, o]

S

A oF

A 1A dFAE] WA
SRS ERER:

o] 5o}

1.

I I SN () s N N R L=l L o
— e ~ —_ ty =
- KR R ° .9 ™o N OB oA oof m B
T L w5 A
5 X e 0 O W o » oz
% & do Y W o M T do = o W T
G ' o B vre o o Ty ek
v K I n O 90 o
Wy T = W oy o o I o w5
TR o S e PR N N}
~ o = - 4 W L T o B o B ol
o n P FT RT G R  0 Wy
1_,_Al o a‘_ OE X = i ,NrL WI = .Cl ﬂAro ! LOL ~o
Cam X T o du © moEo % ) =
™ o i3 ofy JQI TH wo g g3 e ,mu ~ X <
) . — ) 0 \_' .
T X A od o = o ™ Mﬂ” T o o A G mo o
o o o W o W F R
fat e 0 J
s " X ooy WA N "))
<~ o o groof = X _ o
&iwrgm R B NN I T
— TR T oo R o W o ooy X
T o P T o R ) 7o
= & X m _ Ko AR N B a
s N = Ml T = = o B ™o & Wﬁ RO
~ —
KO X 7o ! e - = 0
B Ho 5 o =TT Z o m o Wu L
J Woo _1@. iT- TH ,NrL T Wo o 1 Eo Eo [=o) 1! X ,W_
rEEthE M ow g T N E g T
Mﬂ X o W w £ FE M=o = o =0 E
B oo W g 7o T i m o] - % o B ¥ "
oF o o ] =0 o il =) 5 Mu 4 T = et ,,_Lﬁ_ ~
= o o T 7] I
OE o o ,o| ,UI : ~ O X o) ~O ol
L E T BT iR 1T el
PRT S ST gy
o < 2w AR R L oo Mo CL
oo o o MoOE )
< g o TG, S ok e Booh
e T - Foge WA o PR
o oY e e T R TRIC -
T T R R s 2ol Ne o2 W
0 {+ =) Fo P o X ; —n wo T — — 0
oo o B Yo O oo o O g o
W oA 7T R TR 9 o B W H WAEATT

_17_



growth model)®]

i

ol

+
o
alo
o

el

‘.myo

ﬁo
o)
TH
iod
;Ot

mt

A,

7] Edolgo] gk

=

WA 5] A

R

2 9 (physiological

/\01—

=

AR A Wkt

CEE

% WA ek upeba,
CEEREEE R

7] -kt w

=
=
L

pu—.

bt

RIGE RIS

©

83

Tt
=)
=

of 73w stel w

Rl

=y

at7]

S

o
o)

Fol s
F gt

growth model =+ process model)©]

©

+
el
ot

]

veel

~o

ol
<

—
1o

e

ZF= d] o] B H o]
I AHEA B A A A8 (forest database management system: f-DBMS)2]

)

R

A

&

i
o

el

[e)
=

2

al

A

pu
R

15}

1=}
=

Bl Al=E] el A

=
IF

el H
A A B A 2" (forest growth information system: FGIS)S 7

4 (dynamic stand growth model), ©& A% 22 (individual
[e}

=
=

tree growth model), 2|4 X9 (process model, physiological growth model)
zb Jhkslar, ol

5
M
oj
T
ﬁo

oy
oy

oH

xmw.o

ﬁo
ol

_

S
ol

;O_l
T
™R

<

™

o/
=

B

i

o))
=
sl
~o

i

BA ek AAE ] A}

_18_



)

o
B

ﬁo
5
ol

.

<

o))
L

A

=

=

Hes H49 4n

i

O]
pal

o o

o/
N

o

o))

[e]

g A~ = (f-DBMS) 2 t}

xmw.o

o
TH

.

X
o

@

w

)

AR A e A 2

)

Sfol] uw}

T

ﬁo
o

oF

TR
;onﬂ

oF
T
=)

)

ﬁo
o

—_
o

R

&+

=

el

o

O]
pad

1o}

5o} ¥ of of

7] 7ol

7N A 2]

=

R

B

R

Sk k=

=

=

7o ezl
= 7‘:_'] 3

e ol

)
el
el

21417] Awsh Aol =7h Ag A4

%

kel
T

w3 -

=
S}

|

= 7

A
delz vehta ok webd e

=1
=

ki3

%

o}

A4 7s, &7

=i
=
-
o o

R

]

[TE
HS 7

;__li
] =

A3

i

k]
pd

el o
7%, o8 &

wWr
H

o!

il
k)
%

7K

Bl Al 28] el A A3

3
IT

g

=

=

2 7]
o] Wz olu], ol

=

Ay 3|
=
[e]

i

O]
pad

o] &

kel
o

bt

of Aok

=
-

B

o
)
B

LS

Y

2. 7L FES W&

—_
o

22

Jo

o
50

o
ol

.

£

)
B/
)

=
=

A2 g B A 2~ 9 (-DBMS) ] T+

Ao A

1-1).

KATES

S

N
%él
~o

L

_19_



oo

K
b

—~ Njo
= M‘_ H O Mm o No
W B = = o ol
— M= - BO i R
Ly M K ﬂi o
oF T M= ™ X
ﬂNE < 1_._| — s J»NO Zﬁo O#O
i T l | X By BH =K =K
5 o ~ - = o P oo ool <1
=« Fox = 7 W e <
— o T - O N . IS
G N B K& oo = z - %0 _
w ot Nomadw A IR 03 % il
2 Pws e TR A TP o x E L] L
o - o BT o R0 X o mAT
w JEE Fwm X S B - o S T oo
~ =< hle Be Bo To = il ) :.L ol o <o TH | Tk A = =
- F o Yo oww Y B yy e B = -
ol Eowm oW 4 ok T TR oo T ’ g 0= ow LA
8 T ] oo A = 7o o <| N A F o = o e _ —_ H % o
A 2o M o om XMW S = o ~ MR < = mAY R R0 E
Sﬂ.mMMmo%%Emroﬂrammuau>W4moﬂ%i>LW§ %wE>wEﬂowomm
XP QR —~ T = = ~XToWw
Zw oo o ok CANC I R [ e I PO X B op w3
D&Wmugﬁ_ﬁ_ﬂ%?ufﬁoxaunMDﬂW]ﬁwoﬁmE mmﬂmﬂomoﬂﬁauwr
L 5 s ° ® X " % ~
ST _moﬂ%@%%Dﬂﬂnw% HﬂwﬁoﬂB%%%@ﬂ&&%
\Y4 Vi I | | lo | o | W N o N=! .Nr - oW = TR o s
v Vv ey ! N < ™ = o <
Y BivARERvER S 1o ,
=] \ v I
0
.
;i = w2
a v N ~ )
JI TH ) N — OL NE
N N -
T ~
o do N owE
o
g H oo
™ o Ho~
+ ~ %\ T8 H 5
- T8 ™ 8
N ® N
X &

- 20 -



s

AL dlo] H]Hl o]

[>

FHE B AYARH A 29 (EDBMS)S] Ay

offl
ot

X

o
o

59 A #E e A3tet 54 AR A Ed(dynamic stand
growth model)®] 71 - iAo A A AFHAZ st & 2

AFANA AW BG HAPFPRALGA AAFe] BE

71 2 S ste] mE Gt o Fo] 7hse A A R (process

model, physiological growth model)2] 7§

ool AgiAmBe At AFRUS Bl 2 AGBAe] et
Gd HPAAARE B AT 5 At BE HYAFARAS

®l (integrated forest growth information system)®] =

_21_



A2 A AFRAE A
AR ERE Azd

1. A 1A 53 A

w I T K R gy T oo = T
o = W o L T4 ™ U T = 7
drfr of = BN o W 7zM__&A
wj M_Au " e T mﬁ 5 m_. = o y m
= K oo N
v ETEY T oo RIS I
T D NN T N <X e o
ﬂw H?a%?ﬂu% %ﬂ%ﬂwg
= 10
- S Mﬂ ﬂ__LH OE S _ﬂmo Mﬂ \El _ﬂvoﬂ
Za ToMlisiE B OR o
TP e Py T DR E T
HoM - ﬁ w Mo W R Lo WP
N RO M AUNE- R 3 o Mo HH 0B ™
R - i o T F o W
T T T F D % Lk T y
S = T o ME X W =
W = ™ x X o5 W= o oy
L T Ao N
o T ow 4+ T = )
x0 o ) XX < o
2 o s o N AR -
RO = mm K T N gl T =
o _
@ﬂwmuoo?}%%ﬁ %aﬁﬂoﬂéaﬂy‘
T O A B~ S o M o
~o lo =0 .C o O# yﬁ %0 W,;I o WH
B 1?.,! 3 W= mg =~ . OC FL — o < ﬁi ~
B, T LT o TN
o —_ ]
o R I R T < B g
IR xd 2o w < Mo N =0 T
< RO E3 T HL ey o 1’ et Eﬁ
T o5 Moo A 1| 5
s O Mo 2w -
W g W o N, © oo % m = W
T RT S ed . ooy B
= Nr o Fogp wm oA oy ®m oo =T o & T ~
P o BRI o 2 T oW
CCIa el — = ST o T U
™ R T (Y o B e {] O & oo o oo
o B T e G S S A
o VT @ M W T o TR m I T W
RO TR X E o — T o S oW ok

ki3
o
)

A

T

-

H

)

CEERTE
2 Awel 0/
$3hsint.

=1

B
ol

KeR

1] <}

EaSVS

St=¢lo] 2} Windows 98 ©]

1A% TaEo] Qo

Fiom, wolEuo]

L.
o

p
o

]_

gl o] § ] ]

AL

< 3} 5]

<

= Windows NT 4.0
7]

_22_

=

=

=

s

ato] TN s A

[&)

R
o

Q

Digital Alpha
A1
Fol do] g
IBM PC 379

©

=]

Q

[¢)

)}

R

f
KN
=

o]
PL/SQLS ©]

[e]

=

R

pu

3= g of
Open VMS 7.1,

[e)
Oracle

H o] 7ol of
F A 2~€ S TCP/IPO

pul

R

pu

o] 3%

NIA = AH&AF 273

A

wof At
DBMS



of FAANA LdE 7 A= AAZ FAAH AUk

2) ;\]izﬂ 7]% :rL}HL:_

A AYxY 9 oEA HEAAE J]E TP AW

= = (s}

o,
oft
Ho
b=y
>
>
@,

¢

210l F&% olgS 9 Oracle OASE F5H 7]E YAt el o] <l
MW E ol gate] duAbgA H #EArt ARE o] &t #HHT F ARE T
o] vt

O AlZE gH] g A A

1) Az"o] 2E 27

AR A2 285E DBMSE Jwon Ageld AR ARE
Web 7 shol A #elehis Azglowa], 2t Ageln v 2AEE RS
3 shibel wlolgmol sz Fae] Folslof sk wd ol E o] 2o

S E
= [e) [¢)
ARQe s Andde] golstn, ¥ AdY FAN G 5oy neste] s

2) A28 FAE

APARP Axde 1 e rAE APEAL ARE AFE Axd ]
A AR Bl F ool delguelx Zragona thed
%, A9, A% uet 43S A5 5 e B
o A ARe B ARE AP 2w T

=
weh 2 QApolA TER Asue Feold/AWEe $48 =4 3
2

R BEER

19) 47
HYYFARE oW R Adatik] W Agn £F % AR 5

= A9
A S4 S0 Tt olel@ s—@—g— Mz e AYYPARES o §3t
< =

o o] o]



s AT 1-2).

SR

9 ARZA ¥

(o)
H

o] g Hlo] 2~ Al 2~ H 9]

YARAR dole el Bl

1-2.

22!

<0
o
A o
o |
Mﬂ
i l,ﬁme
S
oy |
~ |®o :H_ﬁo&o
SN IR o
= |5 o |
- T
ML
;lﬁ, %M,E,
= © T
S MTﬂW,_
Aafﬂ Sy
o .
,cfw%ﬂ%
T /| o | W
X A< X AR
T oM O E s
5, = E, =
Mo B MR o
= B A
%Mm i M_
LN G Rl
—_ HT].!Z]_!
R IR PSR o S
~ ° =

el

B

Al2=gl Abgate] gl Bt

=
=

ATt

o

o]

K

ﬂo
—_

OU

o]

o]

wjE Al Elold g4

o] 40w TAHE.

=N
o

, WAL 914

R
THE

’

al

]_

o

]

pZS

_24_



el

o]

0

X
4r

fu
L.

DEERR RS

T,

Aok 54 Fu= P

sl
ol

Al
2l

8o

= EolE

ol dlol® o] Bl

i8

=

} g 7}

A
o

A

I

=1

7N A

]
=

o)
L
L

sl

A

A& dlolH o

shvl, 49 2
dlolew

o

0

<EEIEERE

1

&

Zibko 7 AFFo A FALE 2

=

=

Alz=golr}, whEkA Web

L

JE

o

<]

olu] A&3t¥ DBMS

Foll A ¥

1<

2= Web 874

Al A bl

-

o

SUCE R

s

VAED]'
= =

Nfo

°]

b

|

—_
o

Ea

Hlgo 2 do]E o]

=

=

°]

S ZAATH

a3k, °]

=]

2~
— H

]

Bgwael ol T
el A

]

7

)

3

o
]

N

A
=

TR
o

Nfo

—~

o
o
il

]

o

o
o

Jo

ol

N

)l
~K

7t 4w 7

9

sfof o]

S

o, AyHoz dgo|g 27 v

gEoopyet da=

ol

By
RN

L HEAFEDY A

2. A2A F-7A

)
o

o
N

oy
vAO
o
TH
;QL
;Ot

o)

1+

<
o

7}

AA AT AL ool F& AIdel A
- 25 -



LB EA G N A

5

8

=
K3

A=t

g
a

I

A=, 87

2

7OL

1o
T

A

)

o3
;OC

——
o

el
zn
NF
B
awo

=0

H

fviel

s

30m»30m(0.09ha) ]

pu
R

AR

o3

)&}

ol

HE o] 20mx20m(0.04ha)ell 3}

=4

3t

ki3

9]

]

ojp

ATt

9

%

=
T

Fol 53} 10
o

©

°©

A8

=

=

47]

A E&S Pressler 2o ¢

27

’

al

el

ﬁo

veel

X
ﬁo

Ca

e
oo
-
™
)
A
)
A
Mo
o)

Gl

a3

bo+b;CI+bsCE+bsCP+byD+bsDF +be( CIxD)

bo+b; CI+bsD+bslF +by CI+D)+bsln(n)
bo+biD+bsD+bsln( CI)+baln(n)+bs( CL/n)

bo+biln( CL/n)+bsDF +bsin( H)+bsn(n)
bo+biln( D)+baln( H)+bsin( CI)

bo+b;CI+bsCE+b;CP+byD+bsLF
bot+b; CI"‘ble’l(f’l)"’b:f(H/n)

In(dgr/n)
In(dgr/n)
In(dgr/n)
In(dgr/n)
In(dgr/n)
In(dgr/n)
In(dgr/n)

BAA T,

BRAE 2, O

o
~O

T
X

ﬂ
fofo

dgr

_26_



iy
TR

22

o

ﬂr_wo

>
%ﬂ
]

4r

B

o))
Bl

ey

_Zrl
~O

|
@

o
oF

o)

o))

!
B

b
o

ojp

bl

)

W AHE AT 1-4).

5

B

T
M

X0

El
4

!

o]
e
o
ag

bo+b;CI+bsCE+bsCE+byD+bsD+bs( CI¥D)

bo*b]C[*bngl(ﬂ)*bg(H/ﬂ)

In(hgr/n)

In(hgr/n)

bo+bi( CL/n)+bsD’+bsin( CI+D)+by( H/n)
bo+biDF +bo( CI#D)+bsin(n)+bs( H/n)
bo+biln(D)+ban( H)+bsin( CI)

In(hgr/n)

In(hgr/n)

In(hgr/n)

bo+biln( D7) +baln(n)+bs( CL/n)+bin( CI+D)

In(hgr/n)

3 YA

s 2L, Ol

o
~o

ﬂ
&+

hgr :

oA g5

3L, bo,b1,b2,bs,by,bs,bs :

H

Hr

el

6714

{ﬂ,

ATl A

o Bim Ui gl &

=

B

o]

of ALEE 6717 Fi
N Agetgon, 1 FoA =Y [ I, Dela Vi

=
=

A7

ol
A

e

_27_



A2 Aol 7}

il

I

=

o},

I

Holw, = I, M, IV 18]a VI

7)4\0

e =

e =

0] q_‘_‘:‘

e
;él

el
XO

of wdl III, IV, 1 i

o))

4

o))

|Hs 2343

gl

A

.

Y53l AAGEsL o

]

o
“

3) AARE o=

pariy
file)

o g AE=dES

L

=

zF 7N A

L.

o

371 9la1A

22

~

stz shalh.

1S A

[

JALE

syl

.

oH

+ed

S

1-5). <]
171 ¢

S

-
it

3

b e
T

°

I 77FA AR S ARE

[

Idaho®] white pine

Hamilton(1974)°] 713k ZelS Wy

M oUE SAg F4E 9
) 5

/5]—

]

o
=

ol
1

o))

)

A 1

i

o}
)
°
m

{1+exp(by+bD+bo( CL/n)+bs(H/Age))}
{1+exp(by+b H+bo( CI/n)+bs(D/Age))}

{1+exp(bo+b H+bsCI+by(D/Age))}

{1+exp(bp+bD+b>CI+bs(H/Age))} !
{1+exp(by+b H+bsCI+bs(D/n))} !

{1+exp(bp+b D+bsCI+bs(H/n)) )}

{1+exp(by+biD+bsH+bsCI)} !

_28_

In(P/n)
In(P/n)
In(P/n)
In(P/n)
In(P/n)
In(P/n)
In(P/n)




o

o vk 77HAl LAk

A

Ny

el

foo

il
<0

—

o] -0.84= 7t &+

=34

LR

]

AF 3

i R=S

1y

[e]

BR

el
o0
To
o))
Nl

o
~o

T
N

ﬂ
foo

o] -0.82&2 7+ &

=54

gk e

=] [e]
'ﬂf}ﬁl'ﬁ

, AARE o SR glo] A

Bl
!

TR
A

el

el

o,

—_
o

—_
N
_ZT

-
i
oo
i

el

o] e aboll A

2}2}

g HolA

Aol

= =
T -

o] ARAF(RY)

A7k B

Vol A 0.95% 713 =gton,
d Vol A AAAF7F 0.88= 71 okt

=]
=

veel

T

5

o~
T

Ny

<0

0

7hE A el 23l

3

steirh. %

A5

KX
=

ARAAz A

CEN

VIl A 0.80= 7} vigkom,

g

A==

A%

9]

_29_



| VoA 09322 71 =okth,

i

ﬂr_wo

X
~
file)

J_,NO
B

ojp

o)
ol
A
e

o
Ba
Ar

!
B8

;é!

o

o W

=1
-

7]

9

1y

=

=

A

P AP 2dY AY

7 ofue} 7]

A sreolt). weA,
e A W 5, o]
ol oo &

fLN

HH

A7 2d Vel A 0700 = 7
i

F7F 29 VIo|A 08302 7} =

Jz;sjl-ll:_
2
=

3. A3AFHA

=

|
o)
~

R

)

lxl

]
H

o
a=

T = A ™ Zd(process

8.8t

1 AAAE] Zh= FAGE ol

=)
=

[e)

=

o 4%
371 o)

i

7H A =

L

R

el A B A

model; physiological growth model)©°]
AAAAE 17

AR A o) W

¢
tel A&7

5

)

woll g Wsto] w

o
o)

bol st

S

Ak

Al
o] AtHAY B AEA

=

GISE o] &

L
R

1 -ofl A

B
L

el

=

=

o]

" 1-D3 A

;d_

e

A
&

=]
s

e
o

)l
re

101
23!

Ho

wK

o

il o

i)
)

ﬁo
B

. o] DEMCO2RE A&7 x5, AAL A4

AL

gl

A

3

(DEM)<= 4

d]
=

ad]
ﬂ
2

_30_



—_—
1o

Rl

)

2 371

N
)

fviel

X

)

il

ato] =1, JhAIE S 27,

5

sttt

S

g 9

- =

A

mdel s
=

HaEd
=

% Al

AL e A A A mde] 7

. A st

o A=

oy

)
ﬁo
B
o

M

A

=

S|

[
o)

o A2

2] $)(Site quality, SQ)¢] iz o] Fo wal A=

il

d] o
=

sheae.

S

~1 O

o] A&

©

g

=]

G AFRAFHRA

o

A ok

3 4

)\o]_

Fipel Alzsw ol A

°

2 ARl

el

ol

_31_



K

ERED

=]

£

ZA} AR R

4
=

o

A

=%

R
L.

tch ol 7]l

©

Al

S|
=

BR
P —
fi%e)

0

X

el

YAFARA 28] AR

o

Lais

AT A Tl

&

R

pu

stk ol

S

o
des F A==

CERE S

B

1o

A

g 7

<

o <lE#o]

i

]

AL§ 7

_32_



H 2 & tEX=E

—

E

Fe| AlAE o] JHE

A 1A AEAERD A" A

Lo Al=" ZH] R MH A

H

|

AL 7Ivte g a9 2-13 o] dolgu|o]~= ORACLER 47339 o™, Web
AWM= MS7IREY] NIS®E AAsteirh 1ela gl 34 S S AMextet A4
ANAFE 7142 Ay of71dlx+= HA Server Side Include 714¢1 ASPNET
frames =ste] QIEU § B9 AE F3f AFEAVE A ZE2a9ES b

of g%  dEs AANAL

o4 AHE Axde Axdel edd TR A £

T
J—Qﬁg
CRamie

Wind e 200D Barust
1B wiith MET Fmimawirk

g 2-1. Al2E" AT
dolEHo]x T2 W HA
Azt g B Al a8 o] g3ty DBMSE 7|Wtoe g 2hgol A AR A
7 of

atoll A wref sl Alxglolth, wek Web 4

el &84 dgolguo]a s} o] Fold £ JEE A
q

_33_



=) % ]
ke Fa% Vs 9 stvur BEdad S5S o =94 x5 S &
de A5E dAAA FH, G e doly Fx7F @<este] olaivt a7
dol e Bk oy} Yass ke dAE FHHoE AT F Slof A

2 FAEY, ZF HolEL Primary key$ Function keyE 714

I gtk olgld 715L Holgulola ZaaddA 7z HolES AAANA F
g:]‘
3. dolguolx =23 Hold 7%

2p, A9, 7]y, AR, AL Al SRIALE AL, AN B O10ME A E] 9l
W, 7} 552 DB Al&"ellA AhgE  des 224 9 94Y

A~
2

, AEs, o] e AAskad

+

Hol=9] &4 A

1) A Z=¥AH8ZHEGDM_User)
PR AAEE AREE7] s E WA AREA SES sjort Fhh

Alz=gAbg b dAl Aol Arksks 3 71wew @dstgen, AFEAHD

71#ID, °olF, ¥, F4&, AFUE, ojTTAHE, AW, FRlTEHE

e o FEstdnt(E 2-2). 22 7 ) 3

stlowy, dolge] Jajel mek FApeh oAb F& wEAkeh wAbe] g3g o

4% 5 UAES AuH Ak

o
iy
of.
oy
=2
i
Ak
iy

_34_



FGDM_LOCATION [X €]

PK LCTIN ID [X¢ID] CHAR(8)
LCTN_NAME [X| 2@ &] VARCHAR2(50)

has

FGDM_USER [Al 2 &AL S RH]

PK  USER _ID [At&XHD VARCHAR2(10)
FK1  ORG_ID [JI2ID] VARCHAR2(10)
USER_NAME [0IE] VARCHAR2(10)
USER_PASSWORD [&5] VARCHAR2(10)
USER_ADDRESS [F 4] VARCHAR2(250)

FGDM_PLOT [ZAt7] USER_PHONE [a?m 5] . VAROI?A)Rzne)
USER_PRIVILEGE [M23 8 CHAR(2
PK PLOTID [ZASID] VARCHAR2(10) USER_MOBILE [0ISSAI#5]  VARCHAR2(13)
WA
FK1 ORG_ID [712D] VARCHAR2(10) ngg ggi [[ =0 EEL@] éﬁ%w\f;zm)
FK2 LCTN_ID [XI<ID] CHAR(8) USER_EMAIL [;;;;»7] VARCHAR2(30)
PLOT_LCTN_DETAIL [M 91 VARCHAR2(4000) - T
PLOT_SHAPE [PLOT® EH] CHAR(1) g
PLOT_AREA [PLOT3II(HA)] NUMBERPS(6,3) has
PLOT_HEIGHT [ai& 1] NUMBERPS(6,2) +
PLOT_DIRECTION [29I] VARCHAR2(4) 1
PLOT_TOPOGRAPHY [2 £ X &] CHAR(2) FGDM_ORGANIZATION [J] 2]
PL LOPE_LOCATION [AtE 2l X AR(1
PL8¥:§L8PE7[’SS}E‘]O e EUMB(EF){PS(B.S) PK ORG.ID [JI2D1 VARGHAR2(10)
N
s e WAL PO one e g yamareaen
_SOIL_ RS . £
PLOT_LONGITUDE [Z 5] NUMBER ORG_ADDRESS [#4] ~ VARCHAR2(250)
PLOT LATITUDE [#1S] NUMBER ORG_PHONE [®5t#15] VARCHAR2(13)
PLOT_TOPOGRAPHY_INDEX [XI&4+#X%] NUMBER ORG_FAX [FAX] VARCHAR2(13)
PLOT_TM_X [TM X X E] NUMBER
PLOT_TM_Y [TM Y X E] NUMBER g
PLOT_PICTURE_NO [AFZIB1 5] VARCHAR2(50)
PLOT_SAMPLE_LAYER [E 2 =] VARCHAR2(4) FGDM_ORG_FIELD [JI2 DR EE]
PLOT_MAP_NAME [ &g ] VARCHAR2(50)
PLOT_NO [E=2EH 5] CHAR(4) PK,FK1  ORG _ID [Jl2|D] VARCHAR2(10)
PK FLD_NO [EEws NUMBERPS(2,0)
FLD_ENTITY [= ZHI0Ig] CHAR(1)
FLD_VALUE_TYPE [&tR®]  CHAR(1)
FLD_DESC [ZE#Y] VARCHAR2(4000)
has FGDM_SURVEY [ZAH]
——O< PK,FKI  PLOT_ID [EAFZID VARCHAR2(10)
PK SRVY NO [EAR21 VARCHAR2(10)
FGDM_SURVEYOR [ XAt Xt] SRVY_DATE [EAI] DATE
— SRVY_AGE [2 8] NUMBERPS(3,0)
PK SRVR NO [S=HS] VARCHAR2(10) SRVY_HUMIDITY [#2& 28] VARCHAR2(4)
PK,FK1  Srvy NO [ZAIZE2] VARCHAR2(10) | SRVY_CARBON_DIOXIDE [0l &3t EtA 2] NUMBERPS(5,2)
PK,FK1  Plot 1D [Z=Ab3id] VARCHAR2(10) PO——Fe= SRVY_CROWN_DENSITY [2H E] NUMBERPS(3.0)
SRVY_C_W_MEASURE DIR [+2Z=823] NUMBERPS(2,0)
SRVR_NAME [ZAIXt®]  VARCHAR2(10) SRVY_ACCESSBILITY [XI2l(553)] CHAR(1)
SRVR_ORG [JI2%] VARCHAR2(50) SRVY_MIXTURE_RATE [E& E] NUMBERPS(4,1)
SRVY_DIAMETER_CLASS [Z 2] CHAR(1)
SRVY_DENSITY [£2&] CHAR(1)
FK2 SPCD_CODE [+Z2E] CHAR(2)
SRVY_INFO [JI=Atg] VARCHAR2(4000)
3
i HAS
FGDM_SPECIES_CODE [+Z2E] ho--------- has-—--
PK SPCD CODE [#Z3c] CHAR(2) FGDM_SURVEY_DATUM [E AR 2]
= 2] CHAR()  HO-——m—m—hagm————m PK OATA_TREE NO [QIBi@5 NUMBERPS(4,0)
2283;{.}?,‘55[&?%]] S:ngﬂz(ao) e s OSPK.FK1  SAVY_NO [ZAZS] VARCHAR2(10)
SPCD_DESC [E&4Z%JI€] VARCHAR2(100) PK.FK1 PLOT ID [EARID] VARCHAR2(10)
DATA_DBH [& 1= %] NUMBERPS(5,2)
DATA_HEIGHT [+ 1] NUMBERPS(5.2)
DATA_CLEAR_LENGTH [XI 3t 1] NUMBERPS(5,2)
DATA_AGE [#&] NUMBERPS(4,0)
DATA_ETC [HI2] VARCHAR2(200)
DATA_QUALIFICATION [+ &2 (+23)] CHAR(1)
DATA_AR_WIDTH_5Y [5d 012 =] NUMBERPS(3,1)
FGDM_CROWN_WIDTH [2 =] DATA_AR_WIDTH_10Y [10E & =] NUMBERPS(3,1)
DATA_AR_NO_1CM [1CMZ &t & 4] NUMBERPS(3,0)
PK,FK1 DATA_TREE_NO [2@H S NUMBERPS(4,0) DATA_CHARACTER_CLASS [ & 2] CHAR(1)
PK,FK1  Srvy NO [ZAXj VARCHAR2(10) | DATA_BARK_THICKNESS [+TSH]  NUMBERPS(3,1)
PK.,FK1  Plot_ID [=At3id VARCHAR2(10) PO——hes—H SPCD_CODE [+=3C] CHAR(2)
PK CROWN DIR [£3etg] VARCHAR2(10) DATAX [ XIX3E] NUMBERPS(6,2)
- DATAY [RIXIYEE] NUMBERPS(6,2)
CROWN_WIDTH [%3XI] NUMBERPS(3,1) DATA_DISTANCE [%1 %I H2l] NUMBERPS(6,2)
DATA_DIRECTION [ X2 9l] NUMBERPS(5,2)

% 2-2. A AR dE Al
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# 2-L Holg 5=
Entity 708 % W3 | Entity 8% %3 e des | 9y 7]
FEIE FGDM_SPECIES_CODE 4 0 0
FHE FGDM_CROWN_WIDTH 5 0 1
ZAFAL FGDM_SURVEYOR 5 0 1
24 FGDM_Location 2 0 0
7] FGDM_Organization 5 1 0
FARUII R IR FGDM_Org_Field 3 1 1
FAA R FGDM_Survey_Datum 21 0 2
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i 3-8 dHE dEdE

24 o w= | 9w |4 | 20 | 0T
73}

N/ha 631 | 300 | 1450 | 402

DBH(cm)| 272 | 130 | 351 | 80

ZAE Ay 12 HT(m) | 164 | 83 | 231 | 54
BA/ha(m)| 315 | 175 | 501 | 95

V/ha(m') | 2336 | 814 | 457.4 | 109.1

N/ha 975 | 475 | 1850 | 303

DBH(em) | 218 | 129 | 363 | 73

THAY 2vy| 21 H7T(m) | 11.3 | 74 | 171 2.7
BA/ha(m)| 385 | 130 | 823 | 192
o V/ha(m') | 2099 | 521 | 567.6 | 137.7
BT N/ha | 1465 | 400 | 2475 | 6363
DBH(em)| 157 | 82 | 314 | 77

A 36 HTm) | 99 | 53 | 208 | 51
BA/ha(m)| 237 | 111 | 552 | 114
V/ha(m') | 1409 | 387 | 4929 | 1249

N/ha 992 | 600 | 1900 | 351

DBH(em) | 184 | 93 | 242 | 42

Jid 5 18 HTm) | 146 | 71 | 229 | 48
BA/ha(m’)| 254 | 143 | 315 | 52

V/ha(m') | 1862 | 54.1 | 2848 | 75.0

N/ha | 1334 | 800 | 1800 | 260

DBH(em)| 143 | 87 | 215 | 35

Eaibe 19 HT(m) | 96 68 | 128 15
BA/ha(m)| 251 | 77 | 677 | 12.8

V/ha(m') | 1165 | 269 | 2866 | 589

N/ha | 1373 | 450 | 2000 | 393

DBH(cm)| 144 | 96 | 244 | 40

=2H 21 HT(m) | 89 64 | 121 14
BA/ha(m)| 246 | 72 | 641 | 121

V/ha(m') | 1041 | 24.0 | 2324 | 508
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o1 2y HA 3 AT g2

He bo b b bs by bs bs

AR AU
I |-43402 15180 04339 -0.0422 01347 -0.0016 ~0.0080|0.87
0 |-1.3840 -0.3112 ~0.7856 —0.0202 0.88
M |-15061 32916 00014 -10707 -0.0810 031
IV |-11399 00003 -0.0112 -0.9804 -0.0527 087
V | -60878 07246 00664 -0.7345 085
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THAY vy
I 04087 -3.5511 09467 -0.0987 -0.2078 0.0029 0.0212{0.78
o |-3.3606 -0.2173 -0.5569  0.0546 0.76
m |-2.3807 95504 0.0002 -1.1820 -0.0020 0.80
IV [-2.4529 -0.0005 -0.0094 -0.8375 0.0417 0.82
V | -32152 -0.6069 0.0434 -0.9699 0.79
Bpep. VI 25575 -0.7070 -1.6297 -6.1000  0.4157 0.80
A
I [-4.3787 -2.7991 0.8825 -0.0999 0.2113 -0.0038 0.0073 {0.91
o |-05633 -0.1902 -1.1656 -0.0584 0.93
M |-2.4045 16.4021 0.0022 -1.3729 -0.0842 0.77
IV [-0.1194 -0.0002 0.0019 -1.3861 -0.0896 0.92
V | -7.6460 1.7059 -0.4954 -0.8350 0.93
VI |-3.4700 0.4925 -0.9464 -5.8973 -0.0684 0.94
94495

I |-47493 -16143 05772 -0.0570 0.2649 -0.0051 -0.0283|0.85
o |-1.4917 -0.2082 -0.7194 0.0194 0.86
m |-1.7816 3.0807 0.0016 -0.9072 0.0065 0.81
IV |-05459 -0.0008 -0.0082 -1.0296 -0.0003 0.86
vV |-5.0216 05307 0.0312 -0.8520 0.85
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an | =B A7 84 AS .
S bo by b2 bs by bs bs
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RSP m |-3.6728 0.8487 0.0001 -0.6830 0.0793 0.82

IV |-25532 -0.0011 0.0002 -0.9530 0.0169 0.87

V. [-3.2831 -0.0255 -0.7825 -0.7136 0.78

VI |-0.3021 -0.4353 -1.0727 0.0218 0.0466 0.88

[ |-27446 -2.8124 0.9563 -0.1098 0.0048 -0.0001 0.0049|0.84

o |-24189 -0.0777 -0.7776 0.0108 0.89

559 m |-2.8253 11.0737 0.0003 -0.9952 0.0151 0.89
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3317 93 A=Y BAAFE ol &g T AR REFA.
o nd A 37 A A=
HS bo by by b3 A
FHE A
I 2.8517 0.1990 -0.3670 0.3100 0.75
il 47227 0.0443 0.5306 -8.7875 0.83
I 2.1304 0.0575 0.0926 -0.0852 0.70
v 4.9702 0.0034 6.4068 -9.6121 0.88
A4 3.7236 -0.0095 4.2167 -2.6393 0.70
VI 3.5720 0.0413 0.1601 -1.9635 0.65
VI 2.4673 0.0009 0.2940 0.0219 0.65
O R
I 2.3246 0.0641 -0.0600 0.1805 0.70
o 2.71204 0.0393 0.1241 -1.4386 0.70
I 2.2038 0.0254 0.2184 0.0427 0.70
v 2.7103 0.0297 2.2988 -1.8034 0.71
A4 1.9460 0.0260 1.9802 0.7757 0.69
VI 1.9619 0.0461 0.1073 0.8771 0.68
2032 VI 2.3765 0.0227 0.2241 0.0288 0.68
AL
I 3.6618 0.0678 -0.1948 0.1499 0.71
O | 45327 00148 00470  -33404 | 076
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IV | 45598  -0.0160 02455  -3.3547 | 0.76
V| 5498 00215  -15178 28723 | 074
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VI | 35052 01424 03513 00605 | 066
HHE

I 2.9733 0.0378 -0.0609 0.0719 0.70
il 3.1355 -0.0105 -0.0259 0.0010 0.69
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\4 3.0581 -0.0263 0.1933 0.2262 0.70
VI 3.0786 -0.0244 0.0072 0.2105 0.71
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E 318 AUEY JAAGFE o83 HY FuYY TN ZH ) M,
o1 A1 73 A A9 37
T | ws MD |  SDD SED B
FEAY A
I 0.013(1) 1.050(3) 1.050(3) 7 3
i 0.167(4) 1.054(5) 1.067(4) 13 | 4
m 0.027(2) 1.048(2) 1.049(2) 6 2
v 0.087(3) 1.005(1) 1.022(1) 5 1
v 0.373(7) 1.172(7) 1.230(7) o1 | 7
VI 0.280(6) 1.052(4) 1.083(5) 15 | 5
VI 0.176(5) 1.095(6) 1.109(6) 17 | 6
THAY LuS

I 0.118(1) 1.830(7) 1.833(7) 5 | 6
i 0.317(6) 1.620(4) 1.650(4) 14 | 5
m 0.236(3) 1.803(6) 1.818(6) 5 | 6
Iy 0.296(5) 1.496(1) 1.525(1) 7 1
v 0.247(4) 1.599(3) 1.618(3) 10 | 2
VI 0.323(7) 1.567(2) 1.600(2) 1| 3
et |V 0.226(2) 1.784(5) 1.798(5) 12 | 4

mET A}
I 0.044(2) 1.732(7) 1.733(7) 16 | 6
i 0.190(6) 1.425(3) 1.438(3) 12 | 4
m 0.046(3) 1.718(6) 1.718(6) 5 | 5
v 0.117(4) 1.324(1) 1.329(1) 6 1
v 0.210(7) 1.564(5) 1.578(5) 17 | 7
VI 0.140(5) 1.385(2) 1.392(2) 9 2
VI 0.037(1) 1.533(4) 1.538(4) 9 2

Ta%
I 0.126(1) 1.930(7) 1.934(7) 5 | 7
i 0.352(6) 1.803(3) 1.837(4) 13 | 4
m 0.182(2) 1.870(6) 1.879(6) 14 | 5
v 0.363(7) 1.681(2) 1.720(2) n | 2
v 0.285(5) 1.809(4) 1.832(3) 12 | 3
VI 0.256(3) 1.621(1) 1.641(1) 5 1
VIl 0.271(4) 1.845(5) 1.865(5) 14 | 5
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3E 3-20. Ag=H

2y B} BA T _ 3t
A% A
ik MD SDD SED =9
FAE AuE
I -0.002(1) 0.071(3) 0.071(2) 6 2
il 0.011(4) 0.070(2) 0.072(3) 9 3
I 0.010(3) 0.100(6) 0.101(6) 15 5
I\ 0.009(2) 0.069(1) 0.070(1) 4 1
v 0.012(5) 0.074(4) 0.075(4) 13 4
VI 0.013(6) 0.075(5) 0.076(5) 16 6
SHEAY 2y
I 0.005(1) 0.047(5) 0.047(4) 10 4
il 0.012(6) 0.050(6) 0.051(6) 18 6
I 0.006(2) 0.044(3) 0.044(2) 7 2
\% 0.009(5) 0.043(2) 0.045(3) 10 4
v 0.007(3) 0.046(4) 0.048(5) 12 5
0y 2 VI 0.008(4) 0.042(1) 0.043(1) 6 1
A5
I 0.0011(1) 0.1025(5) 0.1025(5) 11 4
il 0.0114(6) 0.0839(1) 0.0847(1) 8 1
I 0.0064(3) 0.1634(6) 0.1635(6) 15 6
\Y% 0.0109(5) 0.0867(2) 0.0874(2) 9 3
\4 0.0026(2) 0.0885(3) 0.0886(3) 8 1
VI 0.0094(4) 0.0888(4) 0.0893(4) 12 5
s

I 0.017(2) 0.136(5) 0.137(5) 12 4
il 0.026(5) 0.132(3) 0.134(3) 12 4
I 0.016(1) 0.167(6) 0.168(6) 13 6
\% 0.029(6) 0.130(2) 0.133(2) 10 2
\% 0.020(3) 0.135(4) 0.136(4) 11 3
VI 0.022(4) 0.122(1) 0.124(1) 6 1
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® 3-20. (A=).

N Bt SAE g | 20
" | as MD | sbD |  SED B =9
I ~0.0009(1) 0.039(6) 0.039(6) 13 6
i 0.005(6) 0.027(3) 0.027(3) 12 4
o i 0.001(2) 0.029(5) 0.029(5) 12 4
=ET I\ 0.004(5) 0.024(2) 0.025(2) 9 2
A% 0.002(3) 0.028(4) 0.028(4) 11 3
VI 0.003(4) 0.023(1) 0.023(1) 6 1
I 0.004(3) 0.052(6) 0.052(6) 15 6
i 0.007(6) 0.047(3) 0.047(3) 12 5
o i 0.0003(1) 0.049(5) 0.049(5) 11 4
A I\ 0.006(5) 0.042(2) 0.043(2) 9 2
A% 0.002(2) 0.048(4) 0.048(4) 10 3
VI 0.005(4) 0.041(1) 0.041(1) 6 1

SR of] 2] R
ZALw Sy
In(hgr/n)=-1.1399+0.0003+*D*-0.0112#(CI*D)-0.9804*In(n) 0.87
-0.0527+(H/n) '
FEAY U
In(hgr/n)=2.5575-0.7070%In(D*)~1.6297In(n)-6.1000%(CL/n) 0.80
015 +0.4157+In(CI*D) '
; Spp
In(hgr/n)=-7.6460+1.7059*In(D)-0.4954*In (F) 0.93
~0.8350%In(CI) '
Jad4
In(hgr/n)=2.5463-0.4756+In(D*)-1.9472In(n)-13.1525%(Cl/n) 083
+0.93234In(CI+D) '
ot In(hgr/n)=-0.3021-0.4353*In(D?)-1.0727+In(n)+0.0218+(CL/n) 0.8
=ET +0.0466+In(CI*D) '
— — 2 —
- In(hgr/n)=-1.0682-0.1653*In(D?)~0.8320%In(n)+0.7539*(CL/n) 0.90
~0.1753*In(CI*D)
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E 3-22. (A%).

a1 2y Bt A 7 T
H3E MD SDD SED =9
AL

I -0.674(1) 8.723(5) 8.749(5) 11 3

I -0.699(5) 8.704(3) 8.732(3) 11 3

Im -0.716(7) 8.838(7) 8.867(7) 21 7

\% -0.705(6) 8.711(4) 8.740(4) 14 6

v -0.680(3) 8.673(1) 8.700(1) 5 1

VI -0.694(4) 8.686(2) 8.713(2) 8 2

2o VI -0.679(2) 51715(6) 8.751(6) 13 5

SRR

I -1.132(7) 7.220(5) 7.308(7) 19 7

I -1.113(6) 7.221(6) 7.305(5) 17 5

Im -1.112(5) 7.222(7) 7.306(6) 18 6

\Y -1.110(4) 7.215(4) 7.301(4) 12 4

\Y% -1.107(2) 7.208(3) 7.293(3) 8 3

VI -1.108(3) 7.207(2) 7.292(2) 7 2

VI -1.106(1) 7.202(1) 7.287(1) 3 1

I 0.823(6) 8.457(3) 8.497(3) 12 3

I 0.766(2) 8.568(6) 8.602(6) 14 6

Im 0.810(3) 8.538(5) 8577(5) 13 5

SR I\% 0.753(1) 8.612(7) 8.645(7) 15 7
\' 0.822(5) 8.454(1) 8.494(1) 7 1

VI 0.821(4) 8.461(4) 8.501(4) 12 3

VI 0.825(7) 8.455(2) 8.495(2) 11 2

I 1.670(3) 9.036(6) 9.189(5) 14 5

I 1.714(6) 9.035(5) 9.196(6) 17 7

Im 1.664(1) 9.060(7) 9.212(7) 15 6

859 I\% 1.710(4) 8.998(2) 9.159(2) 2
\' 1.711(5) 8.983(1) 9.145(1) 1

VI 1.723(7) 8.999(3) 9.163(3) 13 4

VI 1.669(2) 9.034(4) 9.187(4) 10 3
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3-24°] YERA 771 o] T},
WA 2Ee Aesta

o] F ol 4] Braathe(1984)9} Sanniga(1989)7} | <tsk
2] 57 = BT FAE ARSI At A oAl

AolE ol gokel BAASE FAsE Wt

i

0w

F4e d& AHEE AF

% 3-24. HA HAAAF
w3 54
Hegyi . %L
(1974) L
/z=:1 Dist;;
. 16Dist.;
Martin-Ek nfd, |ard
(1984) 2\ g e
Sanniga no h; (r;+ r)— Dist;
(1939) 2 Dist, T v; )
Braathe . %
(1934) .
;Z=:1 Dist;
Lorimer Z": n
(1983) =1 di
Mendiboure n gt — -
(1974) ]21 DiStij
2
Daniels i i
1976 -
(1976) ;z::l d-
= DBH of competitor trees j (j = i),

d; = DBH of subject tree i, d;
Dlst1J = distance of subJect tree 1 to competitor j,
= height of subject tree i, h; = height of competitor trees ] G = 1),

r; = crown radius of subJect tree 1,
r; = crown radius of competing tree j, and
n = number of competing trees.
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IKONOS Base Elevation | DEM |

Base Temperature
A 4
Current ’ Elevation ‘ ’ Aspect ‘
Distribution —,l l
geo-Temperature Aspect Index
N T Al
OPgT=f(gT) | (1) ( | )
OPAI=f(Al) [T
'
Oceup a.tl.on Potential
Probability > Distribution
OP=f(gT,Al) Stributio

OP Change

Temperature
Change Effect
Simulation

Distribution
Change

Y 44 AGWFel @ DFAALNoR FTRE) Wssh
AfsEe A5 4%

EARE 7HA I vk 1 F shve SRSy #53S o] o) ARt 453k

1
Ugte golth o2 5o, g=01cl3 g=001°]2td x=10

o #ge ogyol of
9wl yo) o Zghe 02014 x=100d Wi yel dZgre] 10.00] Bk =,
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gEPEs WA grrs gl 3 yﬂ olatglo]7] wi] W=irol
3

FEWHFTE o] F YA W AP ARG o3 dHS =
3t7] fle g5 hE =AW 23 A
ojty. =, okele] [A 7], [4 8], [4 9]¢} o] &3} shof, mEAe] AW W
of B A Ao I VA RS gt Aotk o7 A og & AN & Z(natural
log)E <]v] gty

%+(logit transformation) L& slo] &

1y — —expla+ Av=1x)
y=1lx) = 1+ exp(a + B(y: 1)) e, [ 7]
logit [Ay=10] = log[ TA=0 —grpe 4 8
log l—i)(;=l|x) T AT B e [ 9]

E
function)gk 3 st=dl, 2313 o] 9o % cloglog(complementa

Wprobi) 4 ol Atk AAFFE cloglogs AH&3dte A5 HH==

2

5
3
S
[
fru

2 Jogl —log (1= y=110))]=a+ Bt -wrerrereeeeersssvessessie [4] 10]
ZEY EG g py=10)]=a4 Br e [ 11]
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Hy=1lx, -,
log =y, ) ETBIT B (4 12]
2A2y 9B BHe £3 245 2ARIS o Fike] ARE BFH
Ak Aol7] wiZel, vkl EFA I vluste] ZA2~E 3E A (logistic
discrimination)e]2t3L Bth 9o R Ao nRE FA4E IAAAF 4 b - b,
5 olgate Bew ol AFEC T 244 2L + Atk
=1, eeox) = exp(a+byu, +--+bx,)
y XN, Xy, ]_+eXp(d+b1xl+"'+bpxg) ............................ [+ 13]
o]Z A AdojA ZF Ao 3 Al EE(posteriea probability)S L WA S EF
71 Ao S S A =0l =1 K=l ). T, A
AT E L 03} 1ALl o] e ZFAA HER HAs Azt cutoff value)S A s}
of o] & VlFow Z4 JAE ERFste Aolth(1¥ 4-5).
IKONOS DEM
DEM
“~| Gcp | Elevation | | Aspect
Ortho-rectified image <«—| Base Elevation
Base Temperature
Segment based | Pixel based v
Classification Classification | Geo-temperature Index

Classified distribution |

A 4
Aspect Index

/

Occurrence probability

equation by Logistic
Estimated Regression
Distribution ——
a9 45 APl g dERARPor FFEro Wi}
AHFES FHE 23
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S gon £usk wad Ad sage] 9o HFA L 54

Bl
zrt= T H WA (Nearest neighborhood) & AF-&3131 T}

G R 7S E9t He £298S A5 flElA eCognitions A
X g

St AAEE 294 AFEA7F 23S scale parameter$} color, shape©l

AT E 23] S A8 A AR e Rl o] A
= segment®] EoFo] dubol} ALnke]l HEFS mEEE 17| 9]8te] shapedl o gt
= 2, 3¢9 segment:= 349 1L
fratel colorel ek HlF S =4 st 22 FS AT Ime] Y =E 2
T G947 Ame] A EE 2 NS ERT W 22 UHES AR oY &

wol w2 RG] Aolz Miel AFe thEA Agaarh X 4-39 717 9

O

=

3 4-3. IKONOS 7o) &E74At.

smoothness/
A4 level scale parameter color/shape
compactness
1 1 30 0.2/0.8 0.1/0.9
1m 2 3 70 0.9/0.1 0.9/0.1
3 2 40 0.9/0.1 0.9/0.1
1 1 20 0.2/0.8 0.1/0.9
4m
2 2 20 0.6/0.4 0.9/0.1

I ARG = woloj= HFHor B level2®] segment o] o] 0]

W, o8 ol gate] FAAAL Austn BRI 0 7 Nz AR ALS
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F 4-4. A7 dEA

wEYse 44 A

TR
1D Class name Definition Samples
! P for kolrj(zi?eb:lssis 19472
2 P. rig Pinus rigida 10213
3 L. lep Larix leptolepis 11771
4 Q. mon Quercus mongolica 8771
5 Q. var Quercus variablis 6978
6 Q. acu Quercus acutissima 10115
7 C. cre Castanea crenata 11274
8 L. lep(young) Lari;cyéizz))lepis 7372
Pinus
9 P. kor(young) koraiensis 3864
(young)
10 road road 3137
11 ricefield rice field 2943
12 dryfield dry field 4600
13 greenhouse green house 2340
Total 102,850

- 123 -



a7 4-8. HAA S AA

wE
i
o
0oy

iof!

ol

Ar

A G o
£ AL Ao

< ol

EHE AAtus

=
=

A+

s

AT

S

Ao el

error matrix

A

B
o
No
!

wi

o

=
=

- 124 -



6) Aol S =l o @ Fas R
Aol B3 BROARE ol g

4-5(1m) <}t 4-6(4m)e°l

N
i)
5 ¢
o
)
32
i)

© 06892 YEET = dm Y ER S &7 A5, overall accuracy
07322 1Im 3 =e] Gl va] =25 =4 velw oy, 483t AAY 447
H Q1 g kel A Al ol FAlghe] &3ty o] QLEF7F UEUE Flo] Scetoemw

A4 b AthLE 4-10).

% 4-5 HA¢EWel o3 FA7|HEF9 error matrix 2 ¥ (1m).
Data P.rig P.kor L.lep Q.mon | Q.var Q.acu C.cre Your:stree Row User’s
ponforest Total |Accuracy
P.kor 9029 16410 453 43 91 4 2397 1882 30309 0.29790
P.rig 5116 20467 1090 171 83 2 2108 796 29833 0.68605
Llep 281 3267 29132 3715 186 266 358 1645 38850 0.74986
Q.mon 11 21 563 15265 23 5460 41 315 21699 0.70349
Q.var 71 94 4 31 20815 826 1325 3387 26553 0.78390
Q.acu 668 333 43 1700 3102 16735 5074 2802 30457 0.54946
C.cre 703 881 64 120 703 5 14702 2972 20150 0.72963
Y‘;ﬁ)‘;gfgr‘;‘;t& 151 293 163 1023|3689 1575| 4002 49796 | 60692 | 0.82047
Column Total 16030 41766 31512 22068 28692 24873 30007 63595 | 258543
fgz‘i‘jﬁ;'vs 056326 | 0.49004 | 0.92447 | 0.69173 | 0.72546 | 0.67282 | 0.48995|  0.78302 0.68051
No Class
1 | Pkor
2 | Prig
3 | Llep
4 | Q.mon
5 | Q.var
6 | Q.acu
7 | C.cre
8 | L.lep(young)
9 | P.Xkor(young)
10 | road
11 | ricefield
12 | dryfield
13 | greenhouse
14 | unclassified

sk A3 (1m)
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E 4-6. Aol 9% 3 A7|9EF error matrix 2 3(4m).

Data P.kor Llep | Qmon | Quvar | Q.acu C.cre P.rig 8:7 (Ei)rfff)rri:est ’?gt‘:l AECSE;z;iy
P.kor 14976 | 2544 0 0 80 944 | 8768 80 | 27392 | 0546729
P.rig 544 | 20464 384 128 352 912 160 640 | 23584 0.8677069
Llep 16 368 | 6768 0 763 16 0 48 | 7984 [0.8476954
Q.mon 48 96 0 | 16096 | 3344 352 32 4502 | 24560 [0.6553746
Q.var 16 256 752 688 | 7296 0 0 1872 | 10830 (0.6705882
Qacu 832 352 0 800 283 | 10320 800 896 | 14288 [0.7222844
C.cre 4956 | 1072 0 32 16 | 1600 | 5376 416 | 12768 0.4210526
voungtree & | 7 464 64 864 832 283 80 34624 | 37392 0.9259735
nonforest
Column Total | 20864 | 25616 | 7968 | 18608 | 12976 | 14432 | 15216 43168 |158848
iiiﬁf:;f 0.71779 [0.79888 | 0.8494 | 0.865 (056227 [0.71508 [0.35331 | 0.8020756 0.7297542

No Class Color

P.kor
L.lep
Q.mon
Q.var
Q.acu
C.cre
P.rig
grass
road

10 | ricefield
11 | dryfield
12 | greenhouse
13 | house

14| unclassified

OO || |01 (W o+

i
m

Zﬁ/‘}xlo—t‘.ﬂ] EH%& BEHFOAR
~7(1m), 4-8(4m)ell e AT}
ol 0799 01, 4m AL BE Ao s 09002 el Hakod s
F71He EFA3 (2™ 4-11, 4-12)E pixel 7|9k EFA3(2¥ 4-9

olgete] BFe HAEE AFH ANE R

543 overall accuracy: 1m =9 #
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wal) B, 2FFGA BRI E 22 dAHANE 2FAaTE S =

i Al(salt and pepper)7F SMNZAHANSES & F ATt

¥ 47 2894 EF7IHA 93 error matrix 2 ZH(1m).

youngtree & [ Row | User’s

Data P.rig P.kor Llep |Qmon | Qvar | Q.acu C.cre
nonforest Total [Accuracv
P.kor 2084 28225 0 0 0 0 0 0| 30309| 0.06876
P.rig 1336 26287 0 0 0 0 2210 0| 29833| 0.88114
L.lep 0 0 36795 2055 0 0 0 0| 38850 | 0.94710
Q.mon 0 0 0 17936 0 3763 0 0| 21699| 0.82658
Q.var 0 0 0 0| 22996 0 0 3557 | 26553 | 0.86604
Q.acu 0 0 0 0 1603 19956 8898 0| 30457 | 0.65522
C.cre 0 0 0 0 0 0 18611 1539 | 20150 | 0.92362
younglree & 0 0 0 0 0| 1999 58693 | 60692 | 0.96706
nonforest
Column Total 3420 54512 36795 19991 24599 23719 31718 63789 | 258543
lj;‘c"jsf::vs 060936 | 0.48222 | 1.00000 | 0.89720 | 0.93483 | 0.84135 | 0.58676 092011 0.78655
No Class Color
1 | P.kor
2 | Prig
3 | Llep
4 | Q.mon
5| Q.var
6 | Q.acu
7 | C.cre
8 | L.lep(young)
9 | P.kor(young)
10| road
11 | ricefield
12 | dryfield
13| greenhouse
14| unclassified

of ol ®FAIIm)
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EH771¥ 93 error matrix 23 (4m).

=3
Data P kor L.lep Q.mon | Q.var Q.acu C.cre Prig Y(E)I;gfgrr‘i;& ’[P‘{S‘L‘ZJ A[cjcsl(:rr;y
P.kor 20864 0 0 0 8864 0 29728 | 0.70183
P.rig 0| 25616 0 0 2544 0 0 28160 | 0.90966
L.lep 0 0 7968 0 0 0 0 7968 1
Q.mon 0 0 0 18608 4560 0 0 0 23168 | 0.80318
Q.var 0 0 0 0 8416 0 0 0 8416 1
Q.acu 0 0 0 0 0 11888 0 0 11888 1
C.cre 0 0 0 0 0 0 6352 0 6352 1
oungtree &
ynongf i 0 0 0 0 0 0 0 43168| 43168 1
Column Total 20864 25616 7968 18608 12976 14432 15216 43168 | 158848
iﬁfﬁf:;;s 1 1 1 1| 064858 | 0.82373 | 0.41746 1 0.89948
No Class Color
1 | P.kor
2 | Llep
3 | Q.mon
4 | Q.var
5| Q.acu
6 | C.cre
7 | Prig
8 | grass
9 | road
10 | ricefield
11| dryfield
12| greenhouse
13| house
14| unclassified

a9 4-12. B EF7IHd 9o F54 3 (4m)
8) FuF Ao
T 9 Z7te] pixelgto® FH 4R /Y pixelS BT 1=,
2 259 pixelS BEF 22, FFoE BFH pixelS 302, 71 0]9 9
o] 02 WIHEE 4SS Aste] ALgsd=d, 1 Ayes ¥
Z}
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Class 7 9 Color Samples
Q.mon 8771
Q.var | 6978
Q.acu r | e | 10115
Others O] 9 76986

th GISE ol &3 A &4
1) DEM<] A4
FPA YL Az FAAELZREY SuM Fug, FAYE
skt tigA e al

=
911:} TINS wHE5 02 AYsA 07 E $45H 492 vEste] DEMS 4

1o
H‘l
}-U
<
2
=
=(IJI=A
oft
3
<

D

=

it
Bl
e
_O|L

7H 1%
1xe ¥ = HA 120mell A H i 52Tm7HA & B 1=+ 262.9mel ). 1394
9] value®Z YFolA Eieol EXE AW 183m~308m Atolol HA Fare

515%7F £ X3t UF= ¢ F UTHE 4-9). 1=FAee 19 4-149 2o
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E 49 AFYRAY] DEPLE,

Value Count Ratio(%)
120~151 34202 9.46
151 ~183 43125 11.93
183~214 47328 13.09
214 ~245 50112 13.86
245~277 50081 13.85
277~308 38699 10.70
308 ~339 27931 7.72
339~370 19101 5.28
370~402 13662 3.78
402~433 12719 3.52
433~464 11155 3.08
464 ~496 8644 2.39

>=496 4833 1.34

Total 361,592 100.00

P 2 \ia

b A
A 34° o249 A o] 2446%0] 31 20°~34°%) A S A o) 5041%% A7
it glof WA E At e Aol FHs e ¢ 5 ATHE 4-10). @

TR 9] AARAEE a9 4-159 2o}

E 410, ATHAA S AAREE.

Value Count Ratio(%)
<14 51390 14.21
14~20 39521 10.93
20~27 81490 22.54
27~34 100763 27.87
>=34 88428 24.46
Total 361,592 100.00
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LU

o) W9
el SRR EReMed v 12 ¥
Zo A AAtAo] 1833% = Aoz =

A o] e BT a9 4-163 2o

A1 QT SR,

Aspect Count Ratio(%)
N 36291 10.04
NE 33392 9.23
E 40051 11.08
SE 49205 13.61
S 42109 11.65
SW 43763 12.10
A\ 66271 18.33
NW 50510 13.97
Total 361,592 100.00
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7)) A7) LA 5
AT A AR LA 15~18 Abole] e 7HA 0] 1536~16.10¢] 7ol
AA ) 5237%% AAeE Ao FAHACH(E 4-12), o]F NG/ LA 5 £

NEz e A a9 4173 2k

E 4-12. AFUFA e AFA A FER.

Geo-temperature Count Ratio(%)
15.12~15.36 44406 12.28
15.36~15.61 61335 16.96
15.61~15.85 63587 17.59
15.85~16.10 64426 17.82
16.10~16.34 44783 12.38
16.34~16.59 29606 8.19
16.59~16.83 17406 481
16.83~17.07 16107 445
17.07~17.32 12709 351
17.32~17.56 7227 2.00

Total 361,592 100.00
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GeoTeng

[ ] 1542 - 15.36
[ ] 1536 - 1561
[ ] 1580 - 19,65
[ -ER N
1061 - 18,14
16,34 - 18,58
16.50 - 16.E3
16,83 - 17.07
W 7T - 7.3
72 1756

o) 9] %
YA GE 04 il el g ARAE, 09 FS A 29 AS
o m e, WA S R4 T} o] 03} 2 Aol ] gho] MW A =7

(3 4-13), 7 iAo ¥oAs 245 = 19 4-18% £

E 4-13 AT A BAF BER
Aspect Index Count Ratio(%)

0~0.22 37191 10.29
0.22~0.44 37400 10.34
0.44~0.67 44870 12.41
0.67~0.89 43945 12.15
0.89~1.11 48286 13.35
1.11~1.33 45615 12.62
1.33~1.56 42006 11.62
1.56~1.78 29648 8.20

1.78~2 32631 9.02

Total 361,592 100.00
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1.2

S L]

PR IR "P‘.'-
VYR, =

]
iabilis %%
0.8 - — — O-variabilis ?}e"g«% ,,,,,,,,,,,,,,,,,,,,,,,,,,,,
?
5

‘sh Q. mongolica

N A
02 ¢ Hast ’55_\‘
. .
e s

OPgT
o
>

04 F———————————————

:
S
.‘w:“
1.5 118 121 124 127 13 133 13.6 139 142 145 148 151 15.4 157
gTr
5 2~ = >~ % O JL=2 Y 31
a9 4-19. A g7I2A el o3 =3 HaSE X

a9 4-195F 2 BAE ol g3l AARAL FA £IUE FED YHIE
FAAT ASE E 4149k 2k A AFHL S mgrow, 248 AANASF

X 4-14. AG72AF 3t FFE AFEE =44 By FAA.

p T
Tree Species a IDlsts 1SS Pl;arameters - R® EquationZ)
Q. mongolica 11.936 2.015089043  2.652608922 094 Weibull
Q. variabilis 277.1563158 -0.4771504 0.95 Exponential
Q. acutissima 0.9323197 34.00614399  2.43081261 0.96 Logistic

VoAl parameters are significant at a significance level of 0.0001

c, gT—a\ %"
? Weibull equation OF; gT:Z( b )e

Exponential equation: OBT=a-e" <"
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-0.3557967  0.5476421

-0.0379536

0.0346577

Q. acutissima 0.0736650

-0.7077596  0.3938795
¥ 4-22. WeIA el ¢

All parameters are significant at a significance level of 0.0001

4th polynomial equation: (OPAJT= gAI*+ bAI3+ cAI*+ dAI+ e
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+0.25C

Q. acuticima sum

Q. variabilis

Q. mongolica

1.00
1.00
1.00

0.22
0.21
1.00

0.01
0.67
0.00

0.77
0.12
0.00

Q. mongolica

Q. variabilis
Q. aucticima

+0.5C

Q. variabilis Q. acuticima sum

. mongolica

1.00
1.00
1.00

0.45
0.39
1.00

0.00
0.43
0.00

0.55
0.18
0.00

Q. mongolica

Q. variabilis
Q. acuticima

+1.0C

Q. acuticima sum

Q. variabilis

Q. mongolica

1.00
1.00
1.00

0.78
0.76
1.00
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T 4-18. 2 |HRRRC @ HIFRe FEE AP G FAGE
2o w22 (1m).
EXP(B)el ol &
Species fn | SE. | Wald |df| sig |Exp(B)|95.0% A1 7+
e | ga
Al 1.343 | 0.01 |17556.072| 1 |0.0001| 3.831 | 3.756 | 3.908
SLOPE| 0.018 ]10.001] 1092953 | 1 [0.0001| 1.019 | 1.017 | 1.02
A2 [ GEO
TEMP -0.46 10.011 ] 1899.719 | 1 0.0001| 0.631 | 0.619 | 0.645
i 5.075 [0.168 | 914.632 | 1 |0.0001 [160.051
Al |-0.812]0.015| 3002967 | 1 [0.0001| 0.444 | 0.431 | 0.457
SLOPE| -0.051 [ 0.001 | 4112.008 | 1 [0.0001] 0.95 | 0.949 | 0.952
=3 | GEO
TEMP 1.428 10.014 110424.457| 1 [0.0001| 4.17 | 4.057 | 4.286
i -23.103] 0.225 |10516.372| 1 ]0.0001 0
Al | -0.887]0.009 | 9154.724 | 1 [0.0001| 0.412 | 0.404 | 0.419
SLOPE| 0.008 [0.001 | 238.851 | 1 |0.0001] 1.008 | 1.007 | 1.009
| GEO |
TEMP 0.306| 0.01 | 1011961 | 1 [0.0001| 0.737 | 0.723 | 0.751
) 5526 [0.154 | 1282.25 | 1 |0.0001|251.162
1) 2A42Y 37ngs
Ky=1l8+ B1AI+B,SI+5:GT) o
8 =118+ BLAI+B,SI+B,GT) 0T AATT ST B,GT
Ty — _ exp(Bq+ B81AI+B,SI+B:GT)
Ky =UAL 8. 6D = " exp(8y+ B AL 8,5+ B1GT)
gaeidel Bxe] Agde e, 34 2 1E ol AFHA o] 7MY
Qe Aow Ueth AnAow ¥ 41825 H AR, 2R Ay
of RXE FH4L 247 g ol el £ gt
A_ —
P omn ™ 1 +exp(5.075 + 1 UBAIH0. 01840, 46GT) -+ [+ 16]
P Qo= 1+ exp(—23.108—0.812A7—0.051S/+ 1.428GT) - (4 17]
an,cu_ 1+e)(p(5.526_0.887A]+0.00851_0.306GD .................... [}\] 18]
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Ponon = T exp(1. 318+ L.3TTAIT0.05 SI— 0. AGIGT)  wvrrove [+ 19]
. Al— / "
0 = T e (o ThALT 0 T AT—D 087 ST4+0 BRCTY v [+ 20]
5. —exp(3.789=0.665 A+ 0.014.5/=0.206 GT) R
@act = 1+ exp(3.789 — 0.665 AT+ 0.014 SI— 0.206 GT) +wooroesossos [+ 21]
3) dm W= P AN ERAR A AH
E 4208 4m AR GFS ARE Fo] 2N BFW o8 94 B
FE F 2AaY dARAL Ba FEUR AQAA GE FARE F448
FEg Aol o] md 240 49 B A7l wElnA ad AFAx Y
FFIe] BAE BHolFA XA webd o] FAHAS fFEskA Fodt
E 4-20. a7l BEY o@ FUTRY £39 ARl v 54
FEF449 BF 42 (4m)
EXP(B)el
i
Species fin SE. | Wald |df]| sig |Exp(B) qz{ ﬂg__?gf
shat | et
AT | 0125 [0.014] 80116 | 1 |0.0001 | 0.883 | 0.859 | 0.907
SLOPE| -0.006 |0.001 | 53.084 | 1 |0.0001 | 0.994 | 0.992 | 0.996
Ay | GEO |
renip| 2108 [0.024| 7787917 | 1] 0.0001 | 0.122 | 0.117 | 0128
5 | 31776 [0.370] 7385535 | 1 |0.0001| 0
AT | -0.133 [0.010] 185.663 | 1 | 0.0001 | 0.875 | 0.858 | 0.892
SLOPE| -0.017 |0.001 | 906582 | 1 | 0.0001 | 0.983 | 0.982 | 0.984
=3U | GEO |
renip| 0252 [0012| 464958 | 1| 0.0001 | 0.777 | 0.760 | 0.795
5 | 4645 [0.183] 646256 | 1 | 0.0001 [104.091
AT | 0232 [0.011] 470.073 | 1 |0.0001 | 1.262 | 1.235 | 1.288
SLOPE| 0.026 | 0.001 | 1702.647 | 1 | 0.0001 | 1.026 | 1.025 | 1.028
e v GEO
renip| 1085 [0013| 7367.716 | 1| 0.0001 | 2961 | 2.888 | 3.035
5 | -18922]0.199]9000.733 | 1 |0.0001| 0
4) dm HFE FAE] segment”| W EFAR LA A I
E 4212 dm AR GNS ARE st BRI/ BREl o8 94
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F 4-21 27N Fael o Ay 3 A GAAel wE

EXP(B)°l
3k 95.0%
N s
shst | st
0.0001 | 0.690 | 0.669 | 0.712
0.0001 | 1.011 | 1.009 | 1.013

0.0001 | 0.036 | 0.033 | 0.038

0.0001 0
0.0001 | 0.707 | 0.693 | 0.721
0.0001 | 0.976 | 0.975 | 0.977

0.0001 | 0.672 | 0.657 | 0.688

0.0001 | 244.11
0.0001 | 1.879 | 1.837 | 1.921
0.0001 | 1.030 | 1.029 | 1.031

0.0001 | 3.589 | 3.500 | 3.681
0.0001 0

Species fn |SE.| Wald |df]| sig |Exp(B)

Al [ -0.371]0.016| 555.557
SLOPE| 0.011 [0.001]| 133.023
Aaduy | GEO |

TEMP| 3329 | 0.34 | 9482.083

3 150.266 [0.528 | 9050.121

Al [ -0.347]0.010| 1237.517
SLOPE| -0.024 |0.001 | 1802.547
=Y | GEO |

TEnp | 0-397 0012/ 1155995

3 | 7.788 [0.183] 1803.014

Al | 063 ]0.011] 3073.654
SLOPE|[ 0.029 |0.001 | 2078.899
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TEMp| 1278 00131 9809.049

R |-22.779]0.205]12328.285
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TR ZAHE S FAES VFo® FAEH AASH v ddy =
AHES A= M3 A8 W (modified distance method)& Z**"“O}Oi o olH&
o] §jAFots flste] HEAH W FAEH ZF AH W9 H AYE F45%
oo 22 W EE dE dete] FuAA, s SR, S5 2
A Ee] 1.2m =olollA AGFE o] &ate] 53 (core)S AT A AAR =
H2 AE&FZFH7(JohanTyp IDE o] &, &3 <& S 3 1/100mH 2 =751
FTAEY AFALAEE vt SA S i3 AAE A @ BAAAFE
AAFHAHZALE 220321 FIASLS(o] - 9], 1998)& o] &3t 43ttt
AR EEHe] FEdE A 2 AR EE E 4-259 2

% 425 ADANEA A Awde ALL 9da) AFeH Wie] aok

Variables Mean Min Max Std Dev

Total| Qu. | Qa | Qm. |Total| Qu. | Qa | @m. |Total| Quv. | Qa | @m. |Total| Qu. | Qa | Qm.
Age (vear) 36.1 [35.36(3488]3065[ 12 | 17 | 11 | 19 | 103 | 73 | 55 | 103 | 10.3 [8.001[7.468]15.18
DBH (cm) 185 |20.13[17.95(1781] 7.8 | 880 | 85 | 8 | 353|353 (330|295 | 59 |5974|5.298(5548
Height (m) 148 |1587(1439(1408] 6 | 17| 6 | 6 | 23 | 21 | 23 | 21 | 34 |3.147|3592|3.063
HgCl 272 | 274 251 | 276 0 |083| 02 | 104 ] 878|789 | 556|878 | 13 [1.397|0.979 | 1.442
Ao (year) 41 [3580|34.88]4250( 2033|2833 | 28.33{ 2033| 82 | 69 | 43 |7233] 95 |7.151|4.139|13.76
Ho (m) 143 | 1740|2321 1596] 105 |1367| 140 |13.17) 203 | 203 | 20 | 20 | 25 |1662| 1930|2222
AI 091 | 046 | 036 | 1.27 ] 0.00 | 011 | 0.00 | 0.11 | 194 | 1.89 | 1.08 | 194 | 04 |0.367|0.304] 0548
Elevation (m)  [2849(267.4|262.9(333.2] 195 | 195 | 195 | 220 | 460 | 460 | 330 | 460 | 53.7 | 35.94| 29.76 | 60.79
Slope (%) 252 2532 (23212740 7 | 7 | 7 | 15 | 30| 39 | 39 | 36 | 79 |7.819]8.055]7.365
Q.v. © Quercus variabilis, Q.a. - Quercus acutissima, @.m. : Quercus

mongolica, Al : aspect index (0<AI<2)
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sH7] flstel AT 1093 BT W AFFE AESA AAB 27 ek
S AARE Fu4%, F1 5 FEE So| ol gAY of F Fu L FHEAA
£ QR 24 A 4 Z4e) Ackel won uRARAe| s £} Fu7
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og M
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| 7F&(Lemmon and Schumacher, 1962; Cole and Stage,
1972; Quicke et al, 1994)3t 22 X Aol FuAAGNS HAHe 27]E
= Qw488 vh (A 23).

Size: dl'amel‘er at byeast helght (Cm) ..................................... [/’\‘1 23]

AF7HA MdE AR FAYHLS FHHYFHYH(crown area overlap
method), Z7]¥]&WH(size ratio method), AB+3 7 (growing spacing
method) 5 2% T F ded, & AFdAs 27bs B 5 FA5()H
AHEDT FAAWE(g/d)¥ A= AL Dist,) =HEH A5 443 H

(HgCI)E 43+ Hegyi®l 4AAF(A 2% o] 43+ th(Hegyi, 1974),

o] 7] o HeCl; = &4 Dist; » d = 35S #1947 (em), ¢ = B85 1147
(cm), Z22]3L pist; = s A5 345 72l (m)olth
Hegyi®l 4+
A7 FAE 7] Wl Hegyiol 7 AR 4ol A
Hegyi®] ZAATE
Low FEH F99 IS 4
2 PYAAE HYRY a9 AAE5oR HAAS}E =R (angle gauge method) o2
o1

i} o] e olv A4 A% Hel
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kA o] Aol A= g WEFel = 3 U AT Aol Y7t A
A 2T (competition interrupting zone)©] k= ME S =43 AAEHL] WkE4
74 (iterative selection of competitor trees)s ©]-&3to] 2 AH&
TH(o] $-1:1996, Lee$t Gadow:1997). ©] W& TAHOZHE Agso=

< AAss Ae dHoR shiA, olv] AdAE FAFC e ARG TS
gste] o] o dell o= vt A o8 AAE R T g
oM A7) W oltH (| 4-27).

Noncompeting Zone

Competmon Interrupting

o Competition Trees
o Noncompetition Trees
a: Competition Interrupting Angle

Y 427, FABORVY AARS ARHE W

ol Hdl TAHAZOERE d&EI Hi AT v TFstE AYE AR TS
78] (competing zone distance)d} 3t1, ©o]& WA oE = IS AATFS

(competing zone)2. 2 ARt} o] wre] F9L& H| A AT Y (none-competing
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F4-26. 75 AEEEDN AdE SAEH Be FAA.

i

Model Quercus spp. Q. variabilis Q. acutissima Q. mongolica

Parny, A A-1 A-2 A A-1 A-2 A A-1 A-2 A A-1 A-2

a 285207 | 27557 | 206477 | 54314™ | 0.0866™ | 5.8147% | 0.5347™ | 0.0642™ | 0.0387" | 14.4094" | 35.2457" | 12.0027"

a -0.6542"" [ -0.7063"" | -0.6801""{| -0.7901"" | -1.1056™ | -0.9735™"| -0.4929™" | -0.6254""" | -0.3384"" | -0.8548""" | -0.8050"" | -0.8123"

@ 02758 | 02887 | 0.2973™ || 02297 | -0.0109™ | 0.3167"" | 05841 | 0.6039™ | 0.3285" | 0.0948™ | 0.2195" | 0.0694™

p | 0631377 -0.6264" [ -0.5714" || -0.6449" | -0.8702"" [ 05950 [ -0.5285™" | -0.5080™"" | -0.3747 """ -0.8410""| -0.8028™" | -0.8775"

a 0.1456™ | 0.2618™ 11442 | 04858 0.8695™" | 0.7943™ -0.2789" | -0.1275™
G -0.1239"™ | ~0.0209" 0.7878™ | -0.0093™ -0.2125" | 0.0846° -0.1667" | 0.0061™
G 0.0842" 0.0135™ 01586 0.0364™

V JASE0341 | 0.0842 | 0.0804 || 0.0814 | 0.0761 | 0.0782 | 0.1005 | 0.0996 | 0.0854 | 0.0797 | 0.0589 | 0.0699

R2| 042 0.42 0.47 0.45 0.54 0.51 0.38 0.41 0.57 0.59 0.63 0.61

k1 significant at a level of 0.001 or 0.0001
#% ! significant at a level of 0.01

* ! significant at a level of 0.05

! non-significan

A BE oM Fodol AR AT o= 7HA

L=,
v AT QukAel A

£ 20 99, a5l 9%

AAAALAHEQE EFots YA THELLS vuy 12 ZAAF d&
Zhdl vl A, AARA sHRAe] Feo= ZAAGT ghol WA FAEA. o]
FA adel Al A d

2
[e}

Quercus spp., Q. acutissima)= FUF o|& - T F |
el o s A wt o &(Monserud and Sterba, 1996)
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E 427 ARARED A e e Wi fok

Variables Pinus densiflora (181 trees) Quercus variabilis (190 trees)
Mean Min Max Std Dev Mean Min Max Std Dev
Age (year) 59 20 84 12 44 16 75 16
Dbh (cm) 29.5 10.7 52.0 9.1 20.5 5.2 40.6 6.4
Height (m) 13.2 6.0 23.6 35 13.3 6.9 23.1 31
CINo 5.8 1.0 12.0 2.0 5.7 1.0 10.0 1.9
HgCI 1.68 0.17 7.55 1.12 2.14 0.41 12.08 1.66
MhgCI 1.87 0.10 10.30 1.64 2.37 0.26 14.51 2.14
PAI (cm) 0.123  0.021  0.736 0.088 0192  0.040 0508 0.100
Ao (year) 58 18 69 11 41 18 65 15
Ho (m) 159 10.7 22.4 3.3 16.2 10.6 22.6 32
Aspect (degree) 226 0 351 94 226 0 351 94
Aspect Index 0.95 0.00 2.00 0.66 0.95 0.00 2.00 0.66
Elevation (m) 434 250 590 107 434 250 590 107
Slope (degree) 32.9 17.0 48.0 4.2 32.9 17.0 48.0 4.2

CINo: Number of competitor trees, HgCI: Hegyi's competition index, mHgCI: modified Hegyi's
competition index

PAI: Periodic Annual Increment of tree radius, Ao: dominant age, Ho: dominant stand height.
Aspect Index = 2 |1-Aspect/180|

oA
1) AFRd 40
Gourlet-Fleury ¢} Houllier(2000)e] w2 o] =z gdeats A4S
ZHA¥rd T potential x modifier models® 72 4 9t} potential x
modifier modelol| A ‘potential’ AL w2 F7] Mo JdS v w2z o

[¢]
S A8A 47 'modifier’ 242 AREE G g-oll= AA T FFS L=t o

ATolM = HAES AR B A 1, A7), BA el el e dA el
FFe weThs AL AT ol d WANEL 7T Bguo s 2L
the 291 neEA ggth ol Ho e e ofgsh 2l

growth ]‘(age size, competition Sll‘@) ...................................... [é} 29]

B Z7)= AAY AY7F ‘modifier £47F B W ‘potential’ &4

MAES] AL F2 55 dHEH(Wykoff 1990; Quicke et al, 1994;
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Monserud and Sterba, 1996; Jogiste, 2000; Rose Jr and Liynch, 2000)

23 7} (Pukkala,
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d(zd 11, 121, 122)el A4 e] HgCl, Cl= FaxE&2d(2d 21, 221, 222)004 9
mHgCIL , SO = A8 FFo AYAF, SO =40 "Ho” (29 122 222),
S0, = qAI 340, EL 46,51, (w2 121, 221) a8 3 a3=0 (=g xrd)o|t},

21749 AL MG oz Y FEE F7F k. nd o] AAEY AP
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Aol F el o ALtEn oS AHow gAY vt 7

A

e yR OO [#] 38]
8) mdl A FAA A4
4719 218 SAS NLIN Z2A A& %}%s}oq AA R0 HATAA ALFS =4
stk o] FAA FodE =17l fdte] FAAFE WA 2VA R Fo| ©

Al AEgA 7= ZHY S HFE S tH(Quicke et al, 1994; Parresol, 1995; Murphy and
Shelton, 1996; Gourlet-Fleury and Houllier, 2000).
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271

%,
o} #HE A5 Quicke 5(1994)
LS

o etk e, ANES

. 5
3 foI% Aoz vehgon} &

o] o
M=

Qo ofv] 35 of

4 A

L A ATt AHAE Al m A= AR o] o]
o)

) & o] th(Lemmon and Schumacher,

nEPRdd o 459 A44F 2] By 2PA % Ba B
A .
red pine Oak
Parameters 11 121 122 11 121 122
@ 27.09 (x) 1941 (%) 125.0 (ns) 5.242 () 2.008 () 6.948 ()
@ -1.6722 () —1.647 () =1550 (k) -0.9419 () -0.5886 (xxx) —0.6508 (x3)
@ 0.5295 () 0.4569 () 0.4808 (*) 0.1969 (x) 0.2208 (x) 0.2645 (x)
b -0.3952 (xxx) -0.4238 (%) -0.3998 (xx)  -0.3389 (e#x) —0.2764 (xxx) -0.2545 (sxx)
a -0.08307 (ns) 0.1908 (ns) -0.4039 (sxx)  0.1456 (ns)
G 0.3052 (ns)  -0.04852 () 0.3468 (xx)  —.07737 (xxx)
G -0.1752 (xx) -0.04724 (ns)
0.05989 0.05992 0.05866 0.06377 0.06014 0.05774
R2 0.55 0.55 0.57 0.60 0.65 0.68
(##x) © significant at a level of 0.001 or 0.0001
(%) : significant at a level of 0.01
(%) : significant at a level of 0.05
(ns) : non-significant
Wb BEAY I SA% SRR FENE ABA AAA5E 5 QR
M= &Eo] 7hsstANE olF EaHAME AEo] 2rted Aor deA 3
U 2 AFollME ol s Wt vk AFHELAD S Addd M| A
=9 A4 T F oA BlssA vEEd Aue] d, ek 4
AHAlE= 001 5= 0.059] Tl 7o Aoz yepkou WA 7
T sk B2 Aow yEwth Ay 4, 1=AS = 000019 ol



FAA Fold Ao dehAw, PAAS L FAAFE oI5 e Aom
debsth of Avbi @ubrel ggel oA el AR §Fe wivhe

Monserud and Sterba(1996)2] Ax}ol= A5 o2 Aol
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wale] 49Y e PES) Aste] 2t A R5E YAk

FuAAY Age FHom vewt o3& & Ut Aol o dssits
As Uetdl= AolH, dAld oz uipo a7l 379 Aoy &ee] A9
Ao m A= &3S 2 Wkl ar ¢tk (Monserud and Sterba, 1996; Quicke &,
1994). A7l 2717 Aol A= A e R Aol A
o A YeEbS TR 4-30b). o] AL 3t FS Afetal A= FUHFEAE A A
FrokeE FaAgd o & B2 dUAE Fefsty] Wit YEluE 2o g dd

Wb 1) SRars el A9 Bl

1101
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