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Growth Monitering by Time Series in Pinus koraiensis Plantation'*
-In Case of Permanent Korean Pine Plot in KNU -
Sung Hak Kang’, Sung Woo Hong’, Byung Oh You®, Jung Kee Choi** and In Hwa Choi’
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2 d3e Zddign A & gedy 323948 AUTdzde JFEEA(GOmx
S50mE ddoz AAQG AAAE BN TH. F 43bo] 23 I E2AH1984~2004)2 A 2
I FJFEFAY YEEFE 6012004 213202 ZFojE0] 2004d @A had 8528 o2 mrote|gl
o, BEFHZEL 4.lcmolM 19.8cm2 78] 199 < oid HF 0.83cm, HEFnE
3.2mol A 14.4mZ o3 0.6m, ha® YEAH -2 8.1m oA 199.8m'Z Z718ted v d 10.1m'/ ha¥
AAsIAT. 28ln FaARS £, F1ARL FHER] BAE 25 &F A¥ DA 2 Ve
o, JEEFAU S EE JAZAE T 121%E, 43FA o= 253% S A 8te] 4d S 2.14)
7b F7Me Ao 2 YElgm, 3to] £3E 5L & BRos AANYZ 15.5%2 ZAH AT
A 4RZAA] AR JFEEAUNY 2T A AANFE & 1102z 2FUE0%), 23
U2(17.3%), A7AUF15.5%)cc 2 = n, &2 og EHAL 75 2mez dF
EEA ] 3%E AAH, stF4Ae T Fie 73.8cm, BT FHEZL 66.3cmz YET

ABSTRACT

This study was analyzed about tree growth by time series for a 32 year- Pinus korariensis
permanent plot(50mx50m) in the research forests in Kangwon National University(KNU).
Through the results of 4 inventories(1984-2004), number of trees in permanent plot had
decreased from 601 to 213(852trees/ha) in 2004. For 19 years, average diameter had increased
by 4.1cm to 19.8cm(0.78cm/year), average height had increased by 3.2m to 14.4m(0.6m/year),
and tree volumes had increased by 8.1m® to 199.8m*10.1m>/ha/year). DBH vs. Height and
DBH vs. Crown diameter had positively linear trend on their scatter plots. Crown closure of
permanent plot became 121% in the 3rd inventory and 253% in the 4th inventory, so it increased
2.1 times for 4 years. The forked trees were 33 trees(15.5%) of total trees. In the 4th inventory,
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understory vegetation appeared 110 population of Deutzia glabarta Kom.(30%), Staphylea
bumalda DC.(17.3%), Lindera obtusiloba Bi.(15.5%) and so on. Crown projection area of
understory vegetation was 75.2m’, 3% of permanent plot area. Average height and crown
diameter of understory vegetation were 73.8cm and 66.3cm respectively.

Key words : Pinus korariensis permanent plot, DBH, Height, Volume
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AYRe Seue dEAQ FESE L £
Yrgoz Sl deld o 32.5%hart 4
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2e AA%n JHAYATFL, 200, 4=
AAGAZ o AYUE T 4Y BA=R
71071 B9 Yue 4STL Fut Be
@ A7lole( A, 1996). 2ot S
g AUT ABYe AxA 1998dRE &7
7l Apglel Alaslel obd AgEA @e A %
Age] Qe Agol UREoE doz A&H
9 €77 Aol 48 aTE

AYRANE o) BAHE FHSHDA 2004
dAgez A%, 7%, FAYRE B 'S
& &0z B AL A94 FAWFo
A3ez, o8 FlHez @ APAA] A&7t
5% 294992 gYsie SEE x
ATHEAH, 2004). °] SEE 2437 AalA
£ $udoz 9rEEA RUUE BT 4%
Aol 8@ 3714 Be el B4Holn, of
BUE PN 248 243 FFAAe HgA
242 B¢ 9RAUel a7,

A o)A MANA $eue AT 2YA
o el M Y AlY R AR tstel Q2
d750] AYHn Yo kAAD 5, 2004 ol
AA, 2003 A7 A2 198 A7) 5
2003), 4% Aol Be F7149 BUE Y
W AALD Ygsel e APE ofg BE
@ Aol metd, goz Felueel A7)
4 93 vate] $uMo 47 BUHY
A7t WA A2 grhe o2 248 2
4 Qe YA A9AYe ATsHE Rol @
NFAA WS Fad FASn ged,

getd B a7 ZAdsn Agnse

P& HEPU AIFUIY GFERANA 2

AE 1~43 AAE 2UEY AR(EFE 5,
1984; &%3kst 2471, 1986; AH71% HA3,
199)8 Fa AT Ave] 4 % BLHR
Agstl g AUR AQgAATe] 7xA
A8E AFHDA B},

W=

1. A2 JPEEX] S
B A7gEdRA AU JTEEAE 24
st AHE sl s Y l%lﬁhﬂ H}_’c‘?}oﬂ 4
st Yz, PFFAZo2E FHA T
%) gerZol AAstn ok, 71FE 29 o
o 3iAde 1L UFdtn A AL AxE
sto}, AWFIILL 9.2T=E 1€0] élxi(-61
T), T4 H3(A4.8C)ol0, AU TFEE
AF 62~84% B = HT 75%°]th. ?ﬂﬁéﬁ:
e 1,289mmzE 4% 6~8¥9] AFH 3l
T4 H 3, 1995). Zedigtn &g
AABAL 3,146hac 2 A} WAL 52%ha
2 AA gy WA 17% S AX 3t .
E AU JFEEA = 1984 1299 50mx
50m PlotS A3 3led, A 13 Y BERALE 4AA|
st aL, Al 23 A= 1986\ 124€, Al 33 =
Ab= 19999 10€ ~12€, 8l A 43 A=
20043 4~529) AASAE, 199939 1€ <7}
7] ARG L2 Folu 7| (LALE 39} 7HAI A
717k AAEH, F AAE 6018 9= 5, 388
(64.5%)°1 AA=ARH, AA 21389 AEE
o] Sl Aol ti(Table 1).
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Table 1. General description of permanent Korean
pine plot(2004)

Plantation |  Plot
Year size

1975 | S0mx50m | 32

Age |Aspect| Slope |Altitude

N43°W| 19° | 450m
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2. SFCQIRL I ZApeY FRFS HAE, A, FTE, A4S
AU dFEEA Y HERANE ZAAZ] & 71F2 2 st B 8HH 2™ (Smith, 1986), &
2 ZARIAZE Z7tE ], 2004 43 ZAME nA AL UIEE dulF &S o]&dd &
AEHA, F3F, Fu3%, F52, A, 4 Plot AHE "Uok(NW)-‘% 19°9] ZAALS 133,
BACGE, A, &, 5o 3, $3E3 o —1-”.-*1“0“'%} A% 1.2m E°]9 AA & 43}
£, 28ja sk Aol &% = AH(Table 2). A RN °!I/‘1 AlAIgEo) whaFo 2 90°v3F
_ A T é d A7 ke FEs] 7%
Table 2. Measured factors in permanent Korean . & 23 2 x332E Sunto clinometers
it olgste] 2RaA e, AstnE AAE A
Classification 1984 | 1986 | 1999 | 2004 slme HuPoz =G o, oy HA
Tree coordinate X X O O 2= S wiko e surth.
Crown class X X X O 34 S Silva CompassS o] &3] 44
DBH 01010160 F(E, A, &, )& 44 Fstn, s3I
Height O|]O0]|]0O0]O0 Az BE(E, A, 3, BE M R A
Clear-length X x | OO A AYE SFFRAT. = FIo] F3}
Crown radius X X X @) (Forking)®d 9% WH3IE 71&33d. 3%
Forking X X X O 22 Sub-PlotE 2 7} 7)) Zo] thsle] 2l
Understory vegetation| X X x | O S 93, &4 AN ¥, A4A, Fue FHE

O : measured, X : not measured < S8R
9 2AHE ARE o) 83k, Z 2ARRIAY §

AEX = 19999 3xZAA] RE FEEo] AFE AESAoH, AR AFAIALEAL
Sol7lE2 50mx50m plot FAL Astzm,  8H(1996) Az AR, Fuo o|AFF
2%5m7t7d o2 FEL dlo} 47]9] sub-plot(25mx o2 A&t oH, *&—'.E~°é HAL 41199
Bm)S AR T, sub-pltBE ZAS o] &3st  FHWAL o] &3t BHEFA o2 JHFEIHAT.
o B9 YX(XFE, YHE)E AHsido
(Fig. 1). 283 2004'3 45z Aol = 2 4 & da o 1nE
o] g ARGz 33 AL Al AAHAR
Zetxg g AAS, ¢FvE e F
32A7 Eo|(1.2m)o]l Fo = vro} mHAZAT.
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Fig. 1. Tree coordinate and picture in permanent Korean pine plot(2004)
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Table 3. Stand characteristics of permanent Korean pine plot

Vear | Trees DBH Height Crown radius(m) Basal area | Volume
(trees/ha) (cm) (m) N|E|S|W|Men| (m/ha) |(m'/ha)

981 | 0 | 4108907 | 320350 37 | 8.1

600

1986 2.400) 5.9(0.9-13.1) | 4.1(1.5-6.8) 7.6 20.0

1999 (f;ég) 17.5(8.5-27.9) | 12.79.0-17.6) |2.3|1.8(2.0(2.5] 2.2 | 2.3 | 140.4

2004 é})g) 19.809.9-32.9) | 14.411.0-20.3) |3.4|2.62.9(3.2| 3.0 | 2.5 | 1%9.8

*Mean(Min-Max)

% 21328522 /ha)e.2 A o0, BT & . ™

1AZL  IRAZAA 4 demellA 4RREARA] 2 N

19.8cm2 199%<t 15.7cmAte}, ohd BFE g [N

0.83cmA A2 Ao2 A, FAFRE (w0 | T

IAZAA 3.2melA AHZAA UdAmE 2 e [1 Y

11.2m= A, e BE0.5mH 4T A Fe NN .

oz sepsglon @4 3244 AU 97 ' e

EFEAANA Ho =79 Fu3A7%
32.9cmolx 3 20.3me] B2 FAEI
tH(Table 3).

SR L AR 33 ZAMARE Ex)
F Aol 24 A AAIHAT, weEE
F@Ae 2715 vad A9, EEy HE%
gol & 2 Aoz Yeion 435t 3
F@7A o] 0.20m/yrd AFste Aeg vet
HAg. FnddA e 20043 A 27.5m'/ha
Aoz AEHAon 199949 HEF A 33}
ZAHA 21.3m'/ha2 4d%5<t 6.2m/ha =715}
o, A% 1.6m'/ha® FadHAc] F71E R
o2 Yeyt, a83 had 42482 19d
<t 8.1melA 199.8m 2 F7tete] 3 10.1
m/yr® A3t tH(Table 3).
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2. XY -1 SRUE BEAM

U FTEEA 4 A= 237, F
3, 8% EXEvad B 29 25 54E
o APAA AMEXE YElx e Aew
gt A th(Fig. 2). 2AMAE A 121(1984)1 M
A 42120040 ol T AA, 1, FRHE
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Fig. 2. Distribution change of DBH(A), height
(B) and crown width(C) during 1984-2004
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7 2} A=Y F1ARH Faste BAE
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Fig. 3. Scatter plots for DBH vs. height(A) and
DBH vs. crown diameter(B)
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(Fig. 3). ¥ A-5x9 FBAFE 1~23
ZAA 718 3~43F ZAMA 71 E vagd s g 2
ato] & Holm glem, ol& 3aZAL Al71AQ
1999 1€ €717 Al oz A8t Kot
71 (zAHE 239 MR 719 AAE 57
AgEY F5 AAR Q) FLIH 2719
JEo] REXAY wEolgtx AlgET, 28
I FnARY FHEY AAE AHER TA
& 2%, F33ATY 19 A #3EA
2 A A g Holx gloy, 34, 43=
Al Z#ASFE A& 22 0.69, 0.592 &
ol 7t Qe Aoz Jehgch(Fig. 3).

4. F854 2 22 FE

B AURE JFEFAU] AT FINA
A UM AFE uhel 2ol 3x4ZzAM] 1.8m
~2.5m, 42tZAk 2.6m~3.4m¥ A2 YERL
on, JFEEA AFRLEA HZY NZoz
Z2A Aete SA40] o= AT EF 3ARAL
o vl& 4xtF:AtE wlmA AlAHEke] wek #
S AR Aoz JErgTh, o] & 19999 1
9 AP S B} YENY] ARFN FEE
A FW AYEoBRE AFZHA FHE
2 3% AR} Aoz AsdYg. =23 53€
FENAE o] &3t EHEE A4EF 47 3
2zAF A7l E 3,04 E I TFETAU 121%
£ AR AT, 4324 A7l E 6,3UmE o
TFEEAY 253%E 91 JE A= 445
2.1 2 3" Aoz Yelygtt, ol
o FHE gog Fyo] &3] AT A
oz #Agdg,

agla AYS FFEEA 43 ZAME
AN JEo| AR F3ho] Tl o]z £}
(Forking)® dA& A8, F3to] £3}
B dEe ANAZQIIR)F 332(15.5%)2=
ZALE e H, olgig £7HEE A4 dde
2 8ol AA 200437HA] B FTFEER A
AYd Aoz nFolvol, FHEY o, F3
(RE)Y A (EF)2 A& FoHEF)7E 4A
£ ol Zol(f¥)7t westd FL(ER)
H7l WEez #udd, B JFETAY
FHR3 FAdo] dojt Y29 YAE YERY
W Fig. 49 2t}
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Fig. 4. Forked tree coordinate and picture in permanent Korean pine plot(2004)

5. ot&5AY 8

AUE JFEZAUY FFA8 S A 4%
ZAF Al ZAMG A 5Tl 4F &7iE
o dFE SFFAAEC] UERen, o=
Aol Bgo] BQZ FFo] Aol =&}
2o Fapdold =& FU7] WEo|Hn
Atz ®oh(Fig. 5).

AYE JFEEA O A4 F2 3
FZFozE EFY, 1FURE, AFUF, EF
Uiz 78 FFoeze SUF, Ay
2, A, 3UF 522 F 1108
s, Foll /M8 2ol He 2EREE mE
3 Ay ZH(Dryopteris crassivhizo-ma Nakai)l
&3le #3oz A=Y, AUF IFIEE
A AYE A2 32 vee B
& A3 32Ut 30%, FFoE 17.3%, A
ZUE7t 15.5% €22 YEsti(Table 4). &

5 %
s * S
w“ %,
i * Yoo
LIS &
M wt
.
.
B\ R
3y *
Y e 5
#5
X L .t
& %
3 , %
e o
»* »*
Faaos
o
0

3, BFe A% 49E8) B2 Y&l
gAJo] Zatm, wotdo] Zsin, H&A o &
AL F e A8H EAHo= M Bol EX
ste Aoz yeigt, a3 AUF JFE
22 W 2388 st JEAAL 75.2m
oz, AYFT JTEEA WA 3% <3t
o, 3= FFSFE 73.8cm, BT £33
Z2 66.4cmE UEFSTHTable 4).

a4 8

A7E Fotol 24 AUT AF2YA
TEEAES 1984'd ~2004:7HA] 43te] 2
A AnE sotsd thed 2o
AT GIEEAY 9% BFE 1424
(19840)5l 601222 7 F 1990] A\t 434
A4 8 B 2ALZ Ak 2138

Fig. 5. Understory vegetation coordinate and picture in permanent Korean pine plot(2004)
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Table 4. Characteristics for understory vegetation(2004)

Species Trees(%) Height(cm) | Crown diameter(cm)
Actinidia plygama Maxim 8(7.3) 82.1 9.6
Staphylea bumalda DC. 19Q17.3) 86.3 76.3
1(0.9) 30.0 30.0

Quercus variabilis Bl.

SRR

Fraxinus rhynchoﬂ;zlla Hance.

130.0 80.0

L

12(10.9) 82.2 71.7

Lindera obtusiloba Bl. 17(15.5) 7.5 61.8
Quercus monglica Fisch. 8(7.3) 39.0 45.0
Kalopanax pictus Nakai. 98.2) 90.0 59.4
Cornus controversa Hemsl. 2(1.8) 47.5 40.0
110(100%) 73.8 66.4

o2 ZojEo Al haw 8HEoz et
o. 28z 4dEAde i F23F, 1,
FHEY B P IATHYY AYHA
AFEEE 24T, AUF JFEEAY 132
AL o] F 19 Bt FuA AL BT 15.TcmAS:
on, £3E BT 11.2m AR 44 od
0.83cm, 0.6m® zA& Aoz Yegch, &3
WAL 33 2AME T} 4999 HEWA o] 2.2m
2 Uegen, 43 2AZ S 37 3.0mE Y
Bl 4d F<t 0.8m A3k #id 0.20m¥ =
gyt =3 9TFIEEAYY A E AFE AE
& 23 199 F< 8.1m'/haollA 199.8m'/haz
Z7ksted wid 10.1m'/ha AA3HH .
zt 22 A= FuAAY a9 BAE I
ob3l A3} 42 A g Hojm gloy, 1~
AR ZAPE FBAS7F 242 0.91, 0.90, 0.55,
0.51 £2o2 Yyelytt, =3 Fux 33 sHE
o] BAE IR R FH AFBA=R, 33
9} 43 z=A ) B BAF7F 42 0.69, 0.592
Byt AUF AFE dFEFAU SHEE
AZ2F A3 32A fE 121% S AA}AL,
42 ZA} HE 253% S B e Ro=Z 447
2.14 £HE Ao yehygth, T3 £3to] &
3d JEe AAYZQ132)F 33E(15.5%)2
2 ZAE ARG
AUVE JFEFAYY 283 3PS F
11022 FesZEe ZJNEI%), 2FUF
ki

(17.3%), 87 47(15.5%)2 k= et 2

17} 73.8cm, BT F#HZ0] 66.3cmE JE
won, JB8AAL 75.2m0l 3, AT 4TFE
A AA Y 3% 239, T2 FFAMY &
29 FHEZE Jebd 23 50cm o3t A4S
o] z}7} 658, 58822 A o] HFfdtm
Qe Aoz vesct.
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Estimation of Stem Taper Equations and
Growth Pattern in Pinus koraiensis by Two Districts’
Yeong Mo Son?, Kyeong Hak Lee? and Soon Duk Kweon®

2 %

A B 718zl A= b AgdA AAste AT AgdEet SIS

Astel R 7B FE4 R AFSAFE o1&, B FHE THEY A9y Az A
ZEANEE Ade HH A7 ¢ 147342 Chapman-Richards 4l°|glem, 2

<k 94% olde2 wA Ueiwt. 3 AFFAd odtH T AFo] thh Aol FFH

o2 yega, 53] of Ag9 ARZAFL Azte] A wet ofF Z ARz YR

7ol dAFHAT. F A AUF FAFAYHE stetsiy] A FHA FAzARde

Kozak ®dojglen], AP 971% o2 Yetgy, AFTAT € AL S

o BgAol FEI] AFHAY. FAFHA o3 F A9 £32H P g vad 2y, ¥

A2 Aol AP AqET 5L FAFAL BS ¢ B £AE AU F de

wgEn,

P F{J 2

ABSTRACT

This study used statistics and several equations in order to elicit taper equation and the
growth mode of Pinus korvaiensis which site and weather condition growth at the other area.
Chapman-Richards equation is the best diameter and height equation at Pungcholri Hongchungun
Kangwondo and Gwangrung experiment forest Pochungun Kyeonggido. The fitness of the
equation presented very highly more than 94% . The growth of Pungcholri area presented better
than the other area. Specially, diameter growth of this area was predicted to growth as large
pole according as time passes. The best stem taper model of two areas was Kozak model and
fitness index was more than 97%, and the result of the residual error analysis was proved
sufficiently for this equation to be correct. The result which compared the tape equation form
of two area by the stem tape equation, Pungcholri area was estimated to be able to product more
logs than Gwangrung experiment forest in the case of the same stem section.

Kew words : taper equation, pinus koraiensis, diameter and height equation
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Fig. 1. Growth curve comparison between DBH
and Height in Pungcholri and Kwangrung
districts
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Table 1. Parameter and fitness index for growth estimation equations

Parameter DBH Height
FI FI
Districts a b c a b c
Pungcholri 76.0744 | 0.0122 | 1.2674 | 0.9927 | 25.9776 | 0.0357 | 1.5703 | 0.9408
Kwangrung | 42.5777 | 0.0286 | 1.8484 | 0.9930 | 26.5109 | 0.0315 | 1.6823 | 0.9364
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s ;:1 ]?f_‘l%\:]— 0]1—‘]:- %ZJFL A @i] 7}1-14——‘?«;5 Districts | Model FI Bias | MAD | SDD
Fo] upge &=l Y7 e Rz v M & B[ 0.9876 | 0.0832 0.8868 |1.2101
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Table 3. Parameter and fitness index for stem profile estimation equations
Parameter Estimated parameter
Districts ap @ az b be bs b bs
Pungcholri 1.1202 | 0.9181 | 1.0018 | -0.3426 | 0.1609 | -2.6582 | 1.4609 | -0.0233
Kwangrung 0.7107 | 1.1164 | 0.9950 0.6120 | -0.0680 | -0.3083 | 0.1385 0.0987
24 3R 4@ AR A9 Ao
2 22 $xsa gel, #449 ARYE
|- Pungcholr A F31 gon, T Ade Fz=
- A 701 0 (zero) & %@9_ Z o Zo] %7
Kuangung 22 9o, 249 BAE Fof 71 Yo},
0.0 a8n FEAGY FIFA FF o] A
o Retau?:uelgm "o £ 7ol 40cm °]4Y W i I AAE
ZAeE A2 gyt

Fig. 2. Taper curve for stem pattern by districts

Uiel Frge) Adiea(eired gol/d
A F31) 0.5 ¥ FHAM FF AFEG &
2 7ol F e, ol& °& 7t
Y EA ALE O gol & F v Ao
o. 2% X]°£'.°1V~194 &Hf}’i- A= AR
ARAA = o, 2 ded, ¥
He AL JAREY, F A7 FSAS
it o ¥ FH3olgn AgHv, 28 §
A9 BAA AgAM znejs] & dojgt A4
.

ol FAHH FUAFA E e FHYEE &
F e AAxs 128 BE oF 2o

L
o
tlo
w2

Pungcholri

6.0

3.0

0.0

Residual

-3.0

-6.0

6.0

3.0

0.0

Residual

-3.0

-6.0

0.0 10.0 20.0 30.0 40.0

Fig. 3. Residual distribution of taper equation by
districts
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Growth Pattern Comparisons for Quercus acutissima
Forests Between Plantations and Natural Stands’
Mu Hyun Lee’ and Young Jin Lee™™

2 o
2 d7e) BRe fevet A9 9Y REE AU FIH A He PERAL X
F2 e AFAUT 9o ANAA AN @ Q72N 2L Ao Wl AR
AFY ALY Yol Wl 31, 47, A 4P BF AAALL vlme) B 43

i

o B 479 A 3, e %‘-"'7-‘173"‘] o & H]"“ﬂ AZRLEESS vws] 2 23,
Exponential 3 23&0] 714 £ AFH S Uedld. +2 ol g vy *JiZJEa”Ll%
FollA e Weibull 3F23d o] 718 2 AFA LS Yehi. Zl'ﬂ]’“ FRA 5 U AFRY
< vl £ Zio] 938l4d, constant form factor RF o] /1% & AFA LS el /}}-’;‘—
PUF 13 d¥ HAY JE9 Aubxgl "FJ— A7, AR AN E S vlw B4 2
Fo oJ5td, 1FYH dEo] HIAY JF B o £ AAAE S Yz UA.

meia B AT AAE Ae AeeuR Q58 98 AP JEA) U BF AFS
o] wlmet @E’Pﬁ‘d *ﬁﬂﬁﬁaﬂ FR 723 ARE AN IR JE FHA
B 523 7]12A AEE AT F Aoz BIHA.

ABSTRACT

Commonly used nonlinear growth functions were fitted to individual tree height-diameter,
height-age, volume-diameter and height data of Quercus acutissima species in the Ulsan
region. A total of 27 sample trees for stem analysis were selected in the study areas and the
resulting of stem analysis used for developing growth prediction models. The performance of
the models was compared by model, R?, mean difference, and mean absolute difference. The
results showed that Exponential growth function provided the best predictions for height-
diameter relationships, Weibull growth function provided the best predictions for height-age
relationships, and constant form factor model indicated the best predictions for stem volume
predictions.

According to the results of overall growth pattem comparisons between plantations and
natural stands, plantation stands showed better overall growth patterns than natural stands.

! % 20044 58 118 Received on May 11, 2004.
FFd3tw AP 2437} Dept. of Forest Resources, Kongju National University, Yesan, Chungnam, 340-
802, Korea.
* o 2+A 2H(Corresponding author) : leevi@kongju.ac.kr
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Therefore, overall growth models for Quercus acutissima trees could provide basic information
for the construction of regional yield table and forest management of Quercus acutissima species

in the Ulsan region.

Key words : Quercus acutissima, height-diameter, height-age, growth curves, stem volume
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1. ZAXIQ g

Fe Azvug, 23use 34 ZFUTF S 2 A7 A AR s Fat dgrisER
A 2z 20% 173 'L WAE AR YA Lol #A2stn e BN 5 AF
3, B3] AL ExWA e 482,46dha W U Ao 1982d AF =HE Ay
2A AA FIEF LY 8%8 AAs 9 F ARG 24y AGFH &5 AF HAA
D@8 5, 2004). FFIUE dES g E A7saTh. 4L
ag<t $EvEt FUEF Aded did T A9 21%FE AmEWE 197749 ~2002¢ 7HA
A o] 4o I AFE HlwA EE3| o] 26d7te] AE 7|22 13.8CE Yehdlz 3
srom(dda T4, 1990; 4724, 1995), AE deov, AFFAFHFL 1,274mme|H, AF T
g 2 JdE Fxd g d7EEY 5, BAAEEE 67.5%2 A A2 Heloh, =
2003), FUF-Fol gk S Yol B AF AR 9] R AL otatgto 2 A 7] FEY A
(FH9g 5, 1994, 1996), 23R AF & P& o|Fz; AATH. ZAF diAA Y Ee o
Table 1. Major environmental factors of the study sites

Study sites Altitude (m) Soil texture Aspect Slope(°) Location

Plantation T Sandy-loam SE T Joil-ri

390 g 10 Joil-ri,

Natural stand 210 — 550 Sandy-loam SE 518 Sl




130~55001ct. EFE L nlAtd FEEA A
3 Ego] tiR-Eolen AT Age] HA
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€ 95%lH, BT A BAEE 116~
1620l Atk HAYA Ao BEA A
zde % 238 A9 AA HF ALnEE
390m(240~550m)el L, HA & FEFoln, H
T At A= 10°(5~18°)°] A tH(Table 1).

2. EAHEHY
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2 gEHY £ 9NA(Q1TE LE 3 plot,
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A ANFGYOH, BEEAS B 2 24}
Foit} 3249 EEE2L AR & 2729
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Fa9 FAzre] vAy AFRIES 3
3 2 A7, g o 2359 AS FAH
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Fao gAY E & Yehle o2 49
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sto] REES 3331 tHTable 2).
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) et B BFRY
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Table 2. Nonlinear height-diameter growth models
selected for comparison of Quercus
acutissima forests between plantations
and natural stands

Model Name Equation Form

Exponential Function prpr_q 94 ,. e‘(vgfz; 9

3
Petterson Function HT=1.2+ (%)
. HT=1.2+ 1
Kennel Function ) ( n 3
47 DBH )

Michailow Function — prpr—q 94 ,. o DBF

Where : HT=tree height (meter), DBH=tree
dbh (cm); a, b, c=coefficients to be
estimated from sample data.

Table 3. Nonlinear height-age growth models
selected for comparison of Quercus
acutissima forests between plantations
and natural stands

Model Name Equation Form

Chapman-Richards Model HT=g(1— ¢ % 4CE)

Weibull Model HT=a(1— e~ 4°F)

Where : HT =tree height (meter), AGE=tree
age (years); a, b, c=coefficients to be
estimated from sample data.

procedure® °©]&3te] RFEES FHFAT
(Table 3). ©& B £33 FaF49 AFR
Y FoMe A FHHE e AT A

+7F AT

4

3) A BFRY

YEe A FHL S5 HYstn &
ol A=t B2 459 ARAA F F1HA
I F£319] 2AFA S o] &3t BE S FAHA
. 2EEL 5389 W4 F42)(combined-
variable function)® Z 1 =% 4] (logarithmic
function), 223 Honerdl < 71 2go 2 3}
of 24319 en, Table 49 7ERYPEL IG5
o] ZtA1A 2 BiomassE F33sted d2] A
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Table 4. Nonlinear stem volume growth models selected for comparison of Quercus acutissima forests

between plantations and natural stands

Model Name

Equation Form

One variable quadratic model
Constant form factor model
Combined variable model
Logarithmic model
Generalized logarithmic model

Honer transformed variable model

V=a+ bD+ cD*
V=aD’H
V=a+bD’H
V=aD"H*
V=a+ bDH*
V=D%(a+ b/H)

Where : V=stem volume (m®), D=tree dbh (cm), H=tree height (meter), a, b, c=coefficients to

be estimated from sample data.

53 th(Avery$t Burkhart, 1994; Clutter et
al., 1983 AFZ 5, 2001). ©183 Zo] 45
o] A F3 myo| A& Table 49 7122
£ & SAS9 REG procedure?t NLIN procedure
g o] g3ty RFES FHsAT.

g o ng

1. btxol MESN

EFA o U o ExAle] Ao w2w A
FYUUF 93 77 AIY 89 LurF
QA AAEA o2 haT &5, F23 7,
FHEZ a3 X tae] g AP Table 5
o] vebd ute} 2o, Q138 A G dEA T
JE Uxr} 2,302% /ha(2,200~2,400% /ha)°]
1, 37 F13742 11.7cm(6.0~21.0cm), 3
& F31e 13.8m(6.0~19.0m), BT FAZL
3.5m(2.0~5.0m), T AstzE 7.4m(3.0~
12.0m)o]¥, AAd N9 dA Ha 4 2

T3,

=& 1,320%/ha(700~1,800+ /ha)o] a1,
F1237< 14.1cm(6.0~29.0cm), HT
£ 12.7m(6.0~21.0m), BT FE#EFL 3.6m
(2.0~6.0m), H AstzE 6.5m(2.6~9.1m)
2 7Ztzt Yebgti(Table 5).

SIEY

Y o

2. YBT=xo Hlm
1) JFHY d&FTF2

ARy 2AXQ 248 F/HE AY
o] d1FPe 19820 =E PR oln A2
ol ARz Fo AL AFUF,
FFUE, g, A2YFrst F2 U
Pk, AAF BEEXE 6~-20cm7tA] E¥32 QL
Aon HYPHQ) THY 4 FAEERY
S ez e, @ wAT & B
o g FAAF BExE A7 §~12cmolA
1,4702/hac2 7} B 242 X3tz 9
Aen, Fue AZAFo| F/ g uep 4zt
A Z7bste 4%S ez A (Fig. 1).

Table 5. Summary of observed statistics between plantations and natural stands data sets in Quercus

acutissima species

Sites Density DBH Height Crown width Crown height
(trees/ha) (cm) (m) (m) (m)
' 2,302 1.7 13.8 3.5 7.4
Filmiitim 2,200—-2,400 6.0—21.0 6.0—19.0 3.0-5.0 3.0-12.0
1.320 14.1 12.7 3.6 6.5
Natural stand 700-1,800  6.0—29.0 6.0—21.0 3.0-6.0 3.6-9.1
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Fig. 1. The number of trees per hectare and height
distribution by DBH class in the plantations
of Quercus acutissima species
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Fig. 2. The number of trees per hectare and height

distribution by DBH class in the natural
stands of Quercus acutissima species
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Table 2914 AAIE 39} 277t vAY
712345238 -S SASe] NLIN procedureS ©|
43td BEES 3339 H(Table 6). —r7é
Z BP9 BEEL BT (.00019] w9l
A BAA FHS velg ey, 32 EE‘
59 AN AFS ez E FFAFRY,
2 AAFZ(RMSE), U3 FIAH(MAD) =
g ZaeA T FH4 43S g, a9
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Table 6. Parameter estimates and performance criteria of four nonlinear height-diameter growth

models for Quercus acutissima species

Model and sites Parameters Performance criteria

a b c R? RMSE MD MAD
Exponential
plantation 38.0699 -11.7728 1.7264 0.9401 1.30269 -0.0161 1.0272
natural stand 26.1603 -12.0268 2.1682 0.8824 1.43680 -0.0056 1.1250
Petterson
plantation 1.1647 0.2991 0.9395 1.29325 -0.0456 1.0549
natural stand 1.2365 0.3435 0.8814 1.43680 -0.0351 1.1307
Kennel
plantation 0.2991 1.1647 0.9395 1.29325 -0.0456 1.0549
natural stand 0.3435 1.2365 0.8814 1.43680 -0.0351 1.1307
Michailow
plantation 29.0408 -7.3697 0.9362 1.32880 -0.1432 1.1206
natural stand 21.1403 -7.4871 0.8744 1.47855 -0.0982 1.1798

Where : R2=1-3Xy -5)*/ Sy -3)", RMSE=| (- ¥n, MD= 35, MAD map= 3ol

[ =1 n
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Fig. 3. Height-dbh growth pattern comparisons
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Fig. 4. Height-age growth pattern comparisons
for Quercus acutissima species by Chapman-
Richards growth function

Table 7. Parameter estimates and performance criteria of two nonlinear height-age growth models

for Quercus acutissima species

Parameters Performance criteria
Model and sites
a b c R? RMSE MD MAD
Chapman-Richards
plantation 21.8395 0.0914 2.2549  0.9547 1.1321 -0.0044 0.8295
natural stand 16.1569  0.0768 1.8023  0.8236  1.9340 -0.0098 1.5923
Weibull Model
plantation 18.7796  0.00758  1.7738  0.9549 1.13013 -0.0020 0.8307
natural stand 15.2978  0.0137 1.4785  0.8246  1.92855 -0.0104 1.5858
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Table 8. Parameter estimates and performance criteria of seven nonlinear stem volume growth models

for Quercus acutissima species

Parameters Performance criteria
Model and sites

a b c d R? RMSE MAD
V=a+ bD+ cD?
plantation 0.00789 -0.00499 0.00104 0.9587  0.00550  0.00374
natural stand 0.01203 -0.00530  0.00082390 0.9662  0.00985  0.00625
V=aD+ bD?
plantation -0.00278  0.00089872 0.9874  0.00546  0.13470
natural stand -0.00288  0.00071752 0.9839  0.01003  0.64979
V=a+ bD’H
plantation 0.00146  0.00004001 0.9904  0.00261  0.00174
natural stand 0.00112  0.00003656 0.9893  0.00%52  0.00323
V=aD’H
plantation 0.00004106 0.9968  0.00270  0.00191
natural stand 0.00003694 0.9950  0.00554  0.00345
V=a+ bDH*
plantation 0.000648  0.000051 1.9495 0.9552 0.9905  0.00267  0.00171
natural stand 0.00213 0.000028 2.0132 1.0786 0.9894  0.00557  0.00329
V=aD*H*
plantation 0.000060 1.9124 0.9372 0.9905  0.00264  0.00175
natural stand 0.000038 1.9502 1.0367 0.9892  0.00557  0.00336
V=D*/(a+ b/H)
plantation 185.0 21516.3 0.9902  0.00264  0.00179
natural stand -13.0631 27257.0 0.9891 0.00557  0.00347
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A Characteristic of Growth and Branch Development on
Pinus koraiensis, Pinus densiflora and
Larix leptolepis Young Stands’
Nam Chang Parlk’, Suk Kuwon Kim’ and Young Geun Lee’

2 A7E FHvEy Fo 2PFFA AT, 2UF, 9959 FEYR N 3PS 2
ARG 548 A ZER X713 A7l 2
Ho 712 ARZ AFstnz FPAT. dA 4 £3E
T 47t 24, 2539 10mFo2 Ageted v ddse
S5 £ Aol R wE Aoz YeRT, =% Y
o ¥dtd F1, had LEE ¥ A2 AHAT, £3589 £3
Hile AR 2739 /e 3 golXle AFS B v, 2UFE YolE AL B
em, 995 Tt BAGel 0 0149 =L & e, ¥ XLy 54
A g i E AUE, GE5e S BAC] ALE 1.5~2.0mE YN A FE 2y
JAew, 2UFE Fuo F7te 7 AA GAJL AP D YAT, =G AYFI R A¢E
F39 1/3A - BA 7 FAs T JAoY 2UFE F19] 1/2A - RE AR 2Ao] AzEz
AAT. 53 SdEe Fart g E BFEn AAYAF HA Fm gloy 7Ex A7) 3] o
Zag A2 ZAHT.

ABSTRACT

In this study, growth and branch development characteristics of Pinus koraiensis, P. densiflora,
Larix leptolepis young stands, which are major planting tree species in Korea. In the height
growth of each species, P. koraiensis and P. densiflora reached to 10m height in 24 and 25
years after plantation, respectively. But it takes 14 years for Larix leptolepis to grow to 10m
height, so the height growth of Larix is faster than the others. The crown width of L.
leptolepis plantation is narrower than those of P. koraiensis and P. densiflora plantation, and
tree density of L. leptolepss plantation is higher than those of P. koraiensis and P. densiflora
plantation. H/D ratios of P. koraiensis showed increasing tendency as the height grows, but
those of P. densiflora showed decreasing tendency. L. leptolepis showed high H/D ratios over
than 90 regardless of height growth. Dead branches occurred at the height of 1.5~2.0m in P.
koraiensis, L. leptolepis stands, and natural pruning was being processed with height growth

! 2 20044 58 218 Received on May 21, 2004.
2 22+ 289l Korea Forest Research Institute, Seoul 130-712, Korea.
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in P. densiflora stand. Live branches occurred at the 1/3 of tree height in P. koraiensis stand,
and did at the 1/2 of tree height in P. densiflora stand. In L. leptolepis stands, natural pruning
did not occur despite of height growth, so it is considered that pruning is needed.

Key words : Pinus koraiensis, Pinus densiflora, Larix leptolepis, growth, branch development
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Table 1. The general description of surveyed site
Class Location Altitude(m) Slope() Aspect Topography

P. koraiensis Kwangnung 170 22 SW Hillside

P. densiflora Kangwon Kangrung 80 20 NW Hillside

L. leptolepis Kangwon Hongchen 650 10 N Hillside
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Table 2. Growth characteristic on Pinus koraiensis, P. densiflora, Larix leptolepis young stands

’ . . | No. of Crown
Height Class| Age | Height(m) | DBH(cm) | H/D ratio tree/ha | Diameter(m)
6 13 6.5 9.5 68 2000 3.5
il 8 19 1.1 11.5 67 1600 1.0
0¥ aIeNSIS
10 24 10.6 14.0 76 1100 4.4
14 6.6 8.3 80 2300 3.8
Pinus
dosFloia 18 7.8 10.1 7 1600 4.2
10 25 10.7 14.2 75 1400 4.6
8 6.0 6.2 97 2300 2.1
Larix
Totolepis 11 8.3 8.7 95 2200 2.9
10 14 10.1 10.8 94 2000 3.2
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Table 2. Characteristic of branch development on Pinus koraiensis, P. densiflora, Larix leptolepis

young stands

Tending of Young Growth Thinning
Height 6m class Height 8m class Height 10m class
Speci P. kor-|P. den-| L. lep- | P. kor-|P. den-| L. lep- | P. kor- |P. den-| L. lep-
DECIES atensis | siflova | tolepis | aiensis | siflora | tolepis | aiensis | siflova | tolepis
» Dead Branch
- Beginning (m) 1.6 1.8 - 1.9 2.0 1.5 1.9 3.0 1.5
- No. of knot 1.5 2.2 N 2.0 2.8 1.3 4.0 3.9 2.6
- Live Branch
- Beginning (m) | 2.0 3.5 0.2 2.5 3.6 2.4 4.0 5.8 3.4
- Ratio (%) 31 51 3 33 47 29 38 53 A
3, ha® U=V & Ao RAERUY, &4 AEES
FEE Fuge AR wE Fgve Wzt
AYTE F17F9 Z7te 7 Folxle A¥ 1. ¥y - ol 7 - wide 1996, B,
< Yehd ¥k AR E Yolxle AYgS B FAvde]. 399p.
Aok, JEE5e F1 7t AN 90 ©] 2. °lZAA. 2003. FFAY AUF AFHI A
el e @e JeEhith AR §4 = A FZRENES 5 dRZAGAAS ) B
Aboll Al TARA] AL AT, GHFS T T AT, AU n gl GAEY =8
BA QL] X4 1.5~2.0m FH A FE LA 150pp.
stz YRew, A2UFE Fuo Frtet @A 3. HAA7 - AAs}, 1998, AT 2EA] A&
A SR 7 AP 1 JATH AYFAE A T2 E A B AT, FAFALESHE
$E Fu9 1/34 A RE AA 7 TS 3. 1Q) : 27-35.
dey 2uFE F19 1/2A-dM%E 4 4. Oliver, C. D. and B. C. Larson. 1990.
Aol AlZE 3 YA GEF L E o} Forest stand dynamics, Mcgraw-Hill Inc.
HNE 3R} S3e 27t o AATR 7} 467pp.
%] &3 9o} Al 7R X 713de] e 5. Mitscherlich v. G. 1970. Wald, Wachtum
Aoz Bk ZAE QT und Umwelt. 139pp.
6. BIEIL. 1978, TV ORKITLICHT S

2K . HHAZEH Nodb : 1-4.
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Development of Growth Model by Forest Management Types
Using National Forest Resources Inventory Data'
Soon Duk Kwon?, Kyeong Hak Leé’, Yeong Mo Son® and Dae Kyun Rho®

2 o

2 03%% AFAY2AL ARE o] §31od PE YFRLS ALsa, o & Bz AP
Ardg AEslr] &) FPHAT. d4E YFEL e AG5FE A Logistics, EE5E
7% Gor mpertZ*“’] A Aoz Yelgony, ojg|d Ao ZIFeE Qg ztolg
Uehlle AARPAE A2ste] FalFoa HAFHor /1A A9 A7 EFH S =%
Ak, 29 HE APrIETALe 411]7“01 A4y /8 283 AR} S99
AR, AGARRA B 43§ AGS Bole Aoz YEygon, 53] APFHo] EFFHd
Hlg Y olF AN T YAJL B IE RO 2 d ==,

1o o2

ABSTRACT

This study develops the growth model by forest types using national forest resources
inventory data and is carried to develop growth model by forest management types based the
growth model by forest types. The growth model by forest types proved to suitable equations
which were Logistics equation in case of coniferous forest and Gompertz equation in case of
broad-leaved forest. The eight growth standard curve equations by forest management types
deduced multiplying growth equations by forest types by the growth revision value. The
growth standard curve equations presented that coniferous forest, national forest and managed
forest are better than broad-leaved forest, private forest and non-managed forest. Specially,
coniferous forest was forecasted to be shown better growth than broad-leaved forest since
young matured stand.

Key words : growth model, forest management types, national forest resources inventory data
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Biomass Estimate Equation Model of Quercus acuta'

Sang Tae Lee?, Byoeng Bu Kim?, Young Gyo Chung’, Hyeon Chul Shin?,
Jae Chae Choi’, Kyung Jae Lee’, Jae Hong Hwang2 and Park Jong Suk*

2 %

EdTE AR SEAY BAURY SRYNT F349) AR A 1089 2L
20mx20mell A FAE 2 SN E AT, AFE AsE £, 40, 294), 7HA(1, 2982
TRt 453 AFFE PSR, EEEL AFUE APEAUG. BIYNY 34 B3
4 F1274 WEe W=a+bD?, W=aD+bD?, W=a+bD+cD’, W=aD" & $2873% $3
M5 zgel W=aD’H, W=a+bD’H, W=a(D’H)*, W=aD’H‘2 3tuct. AZ L7 5% 33
Hol M 7Hg AFEst ¥ 2L W=aD®, W=aD’H® Ho|ion, o|5 2qe 72z Sy
o thate] 1/D?, S AN ngolen, AFE AR BAAFY FHR BEQ
2 aela At B} bE £ A9 Aoz Ve,

ABSTRACT

Quercus acuta of Wando local in Jeollanamdo was study to investigate effective green and
dry weight of biomass estimated method. Ten sample trees selected at 20mx20m plot taking
accounting of DBH distribution were felled and the diagram of oven-dry weight distribution
of stem, leaf(l and 2 years), branch(l and 2 years) was constructed. Estimate equation was
used eight regression models, such as W=a+bD2, W=aD+bD2, W=a+bD+cD2, W=aDP of
DBH variable and W=aD’H, W=a+bD’H, W=a(D’H)*, W=aD"H" of DBH and Height
variable were applied to estimate biomass. The most accurate equation of green and dry
weight biomass was made by the regression model of W=aD" (weighted by 1/D¥and W=
aD’H(logarithm transformation). These models were valid for accurate estimation of R2,
SSE(standard error of estimate) and residual distribution.

Key words : Quercus acuta, biomass, logarithm transformation, regression, Wando

' g% 20044 68 28H Received on June 28, 2004.
2 zyadste R AAA T2 Korea Forest Research Institute, Southern Forest Research Center.
3 2y aety Al F ol Y974 Korea Forest Research Institute, Warm-temperate Forest Research Center.
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Table 1. Soil property of the study site
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+ 2 2
Soil pH ~ OM TN  Avail, PO; CEC KT Na® G Mg”
(125 (%) (%) (mg/kg) (cmolc/kg)
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Table 2. Tested Biomass equation models for
Quercus acuta

Estimation equation

DBH variable DBH & Height variable

I W=a+bD’ V W=aD’H
0 W=aD-+bD? VI W=a+bD’H
I W=a+bD+cD? VI W=a(D’H)"
V W=aD" VI W=aD"H"

Note) W : green and dry weight, D : DBH(cm),
H : Height(m), a, b, c : parameter

Table 2914 £40] 548 284 tha}o]
dutA oz ALHE Hax53H e o
AT F4 A S AR et 24" 5
Qe HE Bdly] Y3l SPRSo| v 7t
X8 Agauct. old met mF N 7}
ZAE 1, O, I A daixs 1/DS, 23
vV, IddE 1/DHE 27 713x 2 2 438k
EAEA Q. 28z UyeA IV, VI, VI 24
o M E FESS AA 3 F 232 37
A ot B AAA BHE AT

2) Ay= A3
2AANTY 250 A48 2y APL
gwdoz AeH1 e A=A, 373
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Table 3. Green weight of sample tree of Quercus acuta (%) : kg)

Height(m)  DBH(cm) Stem Leaf 2 year Leaf 1 year Branch 2 year Branch 1 year

9.9 4.8 8.4 0.29 0.18 0.43 0.12
940 6.5 21.3 1.43 1.8 2.80 0.27
13.5 8.9 43.3 0.70 0.94 2.92 0.28
11.4 10 55.8 2.46 5.23 10.79 0.94
11.9 12 78.3 6.10 2.1 11.05 0.72
14.3 14 129.1 6.07 08.93 25.62 1.59
14.2 15.7 186.7 9.46 11.16 29.99 1.86
14.1 18 127.3 11.67 10.74 66.30 1.67
14.9 20 264 6.79 51.04 63.61 3.52
15.3 22.3 367.1 13.56 22.65 86.6 2.63

Table 4. Dry weight of sample tree of Quercus acuta (%9 : kg)

Height(m) DBH(cm) Stem Leaf 2 year Leaf 1 year Branch 2 year Branch 1 year

9.9 4.8 5.1 0.17 0.11 0.27 0.09
9.7 6.5 12.1 0.19 0.19 0.37 0.11
13.5 8.9 25.5 0.37 0.47 0.45 0.12
11.4 10 33.4 0.44 0.32 0.80 0.30
11.9 12 45.5 0.36 0.52 0.75 0.29
14.3 14 78.9 0.40 0.40 0.80 0.44
14.2 15.7 104.7 0.57 0.78 1.49 0.51
14.1 18 7 0.83 0.61 1.83 0.38
14.9 20 156.5 0.4 0.52 1.23 0.57

15.3 22.3 221.2 0.77 0.76 2.33 0.64
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Table 5. Estimated equation of green biomass by DBH variable

Model Stem Leaf 2 year Leaf 1 year Branch 2 year Branch 1 year Test statistic
0.9472 0.8635 0.6738 0.9434 0.9016 R?
I 32.5546 2.1557 9.9712 6.9999 0.4531 SEE
G E G G E Residual
0.9664 0.9108 0.744 0.9687 0.9302 R?
it 31.8779 2.1427 9.8566 6.0953 0.4565 SEE
G E G G E Residual
0.9487 0.8751 0.7001 0.9682 0.9098 R?
m 31.6038 1.9716 9.8286 5.9411 0.4284 SEE
G E G G E Residual
0.9727 0.8629 0.8646 0.9623 0.8822 R*
v 0.1926 0.4778 0.6044 0.3311 0.3156 SEE
E E E E E Residual
Note) I : W=a+bD?, I : W=aD+bD?, M : W=a+bD+cD?, IV: W=aD"
oz wgEt. £3 9 A slolME BAHF A FuIARFY wstd 1/D 9
2de A% °] 2d o] el ol visiA &9 7EAE AL~ A Ao w3
B Nddste J2rt B¢ Aoz AsdY.  F£F AFAFR)7 0.6738~0.968771A1 9
IS Holn Ytk 53 144 29 A9E
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Table 6. Estimated equation of green biomass by DBH and height variable

Model Stem Leaf 2 year Leaf 1 year Branch 2 year Branch 1 year Test statistic

0.9711 0.0097 0.0068 0.3024 0.2278 R*

v 0.5933 1.2706 1.621 1.3241 0.9893 SEE
E G B B B Residual

0.9563 0.8325 0.689 0.946 0.8872 R?

Vi 29.1143 2.3485 9.869 6.9445 0.4703 SEE
G G B B E Residual

0.9729 0.8303 0.8435 0.9444 0.8604 R?

VI 0.1919 0.5315 0.6497 0.4024 0.34737 SEE
E G E E E Residual

0.9737 0.9346 0.8909 0.9778 0.8959 R?

VI 0.1892 0.3300 0.5424 0.2545 0.2967 SEE
E G E E E Residual

Note) V : W=aD’H, VI : W=a+bD’H, VI : W=a(D’H)", VI : W=aD"H"
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Table 7. Estimated equation of dry weight biomass by DBH variable

Model Stem Leaf 2 year Leaf 1 year Branch 2 year Branch 1 year Test statistic

0.9504 0.7578 0.686 0.8954 0.8337 R?

I 19.0144 0.1365 0.1603 0.2657 0.1054 SEE
B E E E E Residual

0.9687 0.9599 0.9323 0.9615 0.9176 R?

o 18.4863 0.1184 0.1248 0.2621 0.0095 SEE
G E E E E Residual

0.9527 0.8374 0.8655 0.8997 0.9467 R?

m 18.1966 0.1175 0.1195 0.2617 0.0618 SEE
G E E E E Residual

0.9758 0.8124 0.8137 0.9091 0.8713 R?

v 0.1814 0.2248 0.2692 0.2124 0.2238 SEE
G E E E E Residual

Note) I : W=a+bD* ,I : W=aD+bD’ , I : W=a+bD+cD* ,IV : W=aD"
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Table 8. Estimated equation of dry weight biomass by DBH and height variable

Model Stem Leaf 2 year Leaf 1 year Branch 2 year Branch 1 year Test statistic

0.9495 0.8041 0.7340 0.5654 0.7913 R?

\ 0.6828 0.7461 0.8734 0.8372 0.8262 SEE
G G G G G Residual

0.9607 0.7330 0.6672 0.8738 0.7825 R?

Vi 16.7274 0.1474 0.1751 0.2833 0.1169 SEE
G E G E E Residual

0.9768 0.8172 0.8243 0.8926 0.8557 R?

VI 0.1779 0.2219 0.2615 0.2308 0.2370 SEE
E E G E G Residual

0.9772 0.8175 0.8292 0.9227 0.8768 R?

VI 0.1761 0.2218 0.2578 0.1959 0.2190 SEE
E E E E E Residual

Note) V : W=aD’H, VI : W=a+bD?H, VI : W=a(D’H)B, VI : W=aD"H"
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Consideration of Stand Structure and Crown Projection Area
in Juglans mandshurica Plantation’

Sang Won Bae’, Seok Kuwon Kim?, Kwang Soo Lee® and Young Soo Kim’
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ABSTRACT

Among deciduous tree species in Korea which can be utilized for special purpose timber and
bears fruits, Juglans mandshurica is used with various ways. So it is one of very important
deciduous tree species which can contribute to establish economic and resourceful deciduous
plantation, But its natural distribution and plantation areas are not so much, and studies on
this tree species are rare. In this study, stand structure and crown area were surveyed and
analyzed. It is estimated that Juglans mandshurica plantation can be established with other
native deciduous trees as accompanying tree species.

The relation between DBH and crown area of Juglans mandshurica can be expressed as a
regression formula, and it can be predicted that crown area increases as DBH class increases.
So numbers of trees according to DBH and crown area can be estimated, and this can be used
as basic data for tending of Juglans mandshurica planation.

Key words : Juglans mandshurica, stand structure, cprojection area
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Table 1. Natural and planted Juglans mandshuriac stand

stand type address elevation(m) slope(°) Aspect topography
planted Ni?f;g:ﬁ?—é ltllnn’—ri 920~970 8~30 NwW valley, piedmont
29 ol g0 Gd YFE FEURFZ 4 R
A4 F2 Ae e AgtEeld. s
UFe e FAAAY AFE §F EST 1. 97 AR & X2
ol £ Xl F2 Uiz glon, 294 ZAL G Ee JteuRrl 98 4ERE
weh 4ol ge Aok vehuth sluty  $EdE 93 4FSE, A 0 94X
A 3 04, ATA A, 4954 € GRY oF Adg Jigon Hqgen
2 o]gHn RREL HEoz ojgH, IHTue AFJIFAd EFHA &yt o
ARA 7t R SR wedez  Le Fd B FUE FAE WY AL
FAEA dn AFR o2y Aoz JlHUFAFTH AFHAT

JERte ol dutdold, faa st

A Aol d 2W4 £5Y P2 F2 yet
v g7 wEZel, ol ¥ A} AFE &=
AFA]

AR RE ofe]E F¥olny, 2 IA &
AA oz o]FojX 1 7] W] JAFY IA
A e Holth, &, JHUE dede] @
g ATE ARG e Aoz JdFxY
A7F Ao AA AFPo] B3I} AFE vlwE
o A5y Aol F2F 4TS
Hol| ot AP HEE, F@dd o 3
AR B A7 FRI}Y 7E EIFE
o FHEA B} ATE vIFEF Ao,
U 9% ALY FHHEH G AT
= AZUFEAMTE, 1993), AFUF(HE
5, 200D, JGFEIEL 5, 2004), AUF
(2 T 2003)2 Aoz HZd HAAHY

. FEEE AP 984 & Rohle and
Huber(1985)7F &AL - A3, FWdAE
g Aw71200)7F BAAUFE S gy
o7 A7 vt gloy ¢ - AHoz B
3 AA o},

ojs} Zo] fEHQ 54 FHFF st

e 4L

J—{)‘

O

kil
7HuE Agd e %J—Er?i, A% azla &
Bl 29 A7/ FlES PR, B 4F
dAe 7l %—%91 dET=, F2 &
A +%, FREAE BAR AAGT Q2
¥ 75 A% 712 ARE AFSte A 5
Ag ¥ 3ok

Eolth, ZAF did dEe T 920~970m At
ool fA e, ARAAE 8~35°, ARY F
9o Aol ®E3hm glon] 5

o2, EYLS AFxRE
FEYo|T},

HYE, AL 2

2. ZMTE U FAES

2479 27e Q¥ T2 ol we

oAl At en Z=AE AL 100~200m
o2 24T FE & 840l

2AYEe £38 §247, 42, Agz,
SREWEY), 53, AR Soln, &
2473 e AR ZE ol Gote] mmAA 27

dgom $aE AAZE $1EHAE ol&
ol 0.1m7Ax EASAT, FREL $BF

Aez2iHe AYE 0.lm7HA AEH7E
olg3sted EFA ATt FAAIEE SPSS1-%
AZ2aW S o] &3te] A5ttt

71E2R 3 H”%
o AB/71Q00D)7F AA G 4 SHgos =
AR, FEEAL 4y REdY Aoy

Hez A st



o 3 D3

1. BT =

ZAMY R dH L 49FoE HFFAA
12.8cm, ¥EA44 94.2m' /hac] 2, H/DF2]7}
98.1Z Hlud £ FXE B AFY A S
3 F&o] "o Aoz ARG, ALY
#9] 432 Table 29 2}, 7MY E A7E
9 FLFFL sty Foln BEFYUR, 22
U5, EvUR So] FwEFos TEH
A, F YEESE 13072 /haclw, o|F 7}
571 1,0538 /hae 2 80% S AAst0, o
E5HL T6m/ha2 AA 90%el AzZ
5, FFUF 5] UHAE AA5tn o}, 7+
AFAFHe Y G5t L7 e
FeE Holxm Yok, UF h/dgke H 90 ©)
Zoln o] F Zt R £ & 882 Mg AL
$e HolXw, EFSFEQA EWUR, 234
7, EFUUFE 100 o3 F3&5 Bola 9]
o] ¥ F&o] g Ag3tolny,
ZRIVEAES a4 2FASF 0.6 ©
Aoz vebgm [3 A4 : £3=7.3798+Ln(F
12 7)-5.4938], AWH o2 FaFio] At
sted A7 10cmelA 3 11m, F237 20cm
oA 16m, #3237 25cmelA 17mE YERR
o], F:A 7ol 15cm Aol & Wl Fz}ols}
6m=Z Ueltt, 53] 274 12cm7tR] F4lo] v
oA FaA itk olF gvsAzn Yok
(Fig. 1). °181& d&FaIAe, ZAAE o

2ol 7o e Fuitols}t A %3 HlmA

FARSH R A 7(2). 2004 43

Height(m)

0 5 10 15 20 25 30
DBH(cm)

Fig. 1. Diameter-height curve of Juglans mandshurica
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Table 2. Stand condition of investigated Juglans mandshurica stand

Species Density DBH  Tree Height H/D Basal Area  Volume
(trees/ha) (cm) (m) (mf /ha) (m' /ha)
Sum 1,307 12.8 11.9 92 17.7 84.8
Juglans mandshurica 1,053 13:9 12.3 88 15.6 76.2
Quercus mongolica 68 13.0 12.9 91 0.9 3.9
Prunus maximowiczii 24 14.3 12.6 88 0.4 2.0
Fraxinus mandshurica 25 8.5 9.1 107 0.1 0.5
Cornus controversa 73 6.8 7.3 107 0.3 0.7
Fraxinus rhynchophylla 64 8.9 9.7 109 0.4 1.5
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Fig. 2. Distribution of DBH and height class in Juglans mandshurica plantation

Ao AYsFe TASFFOR AT 3
[e]

A m e AOE FYHo) ATt F
$FOZ 4¥E A48 AoE AN,

2. HAME LY

ZHIUREAFEol A FuAd 0 F35F
FEH e Wzte vFsA vGepdoh(Fig. 3).
F31237% 10cmolAe] +RFFIAAL 3~15m
Atole]l  E¥3te] 12me] EBEXEZS Hol,
15cmol A& 10~25m'(156m' ¥ %), 20cmol A
£ 12~45m(33m BEZ)E Yo} Fu3 7
o] ARAFE EXEE AXE 4SS Holx gl
ot oldd A JtHURErt 8 Hdoz
$HL 3 s8E gy FFY F de TH
o] 37l HEY Aoz gAY,

7T FnE 7] e sadH &4
£t 23 AAA FHAF0.6254)F HAF
2 ATH2 AL FHEFGAA =26.855+Ln(F

60
<€ o
g 50 /
c 40 -
S
8 30
[}
& 20
[
g 10
(]
o : . .
0 10 20 30 40 50
DBH(cm)

Fig. 3. Relation between DBH and crown area in
Juglans mandshurica plantation

247)-50.372]. o8 @ sHAUE BRASE
AUREFL 5 2003 FAAF 0.859% A
AU A, 20008 2FASF 0.8590 vle
o WA dehted, 2 olfE et 3
YRy ARl vlale 8 43te 67|
Aol At AAe] 9@ FaEFe] B9

Ao et ggsty] HEd Reg gAY,

3. HAME0 M2 A=SE2 FH

TARHS Y5 AFRH o2 sHHeid,
AZFE FHEH L 10,000m /FHAH (m)
2o 2 ha® YHEEFZ BT 5 3ot ol
e A3EE dEESFE Fig. 49 2o] 347
Hol B2 WM E 45 271 gey H7
Hol EoEFE Faste YFEFE FHopl
o 3448 A F13HE 20cmelA &
5002, 40cmelAE 190%°] ha¥ YHEF=
R E.

ol

3000
L ol e e b e e
2000
1500
1000

No. of trees(trees/ha)

=
/

(=}

0 10 20 30 40 50
DBH(cm)

Fig. 4. Change of tree numbers with increase of
DBH



HAUFEATYAN 2A5FA SRt
Ay FI5ES Eade AR, 9RES
W% o %, ARAA 0% A9 Ffaie

muur JEE4o] F5e AeZ Ueyt,
Aol FnAA0 e ¢%—Er°svaa94
WEe BAN 2R QY 2AS
g vehiel 423 F7d Be FeuE %7}
43¢ + A& Aoz BAY, AANE 4
HEJ A =26.855*Ln(F 23 %4)-50.3722
£, olo] BE QBEse 4ol 7hsa
oq, o8 AP YBESF 4 PE 39 iz
8% + e Aoz Az,

SO

LR - AEo1 2001, AUF 9

AZAA S A 702). 2004 45

olges

. AYA - d - A 2001 EEE

A=}
FaeAs 4335k B BE 22,
2498, 42) : 34-39.

9
24UEs FURIURA 43 B
Z. F=3Z%, 32 28-34.

L - AR 2003, B = AFE]

dEAT FRAFYP BE AT, BIF
Be, 6(1) : 30-35.

. MRS, 1983, AR TR A

AAA . AEhgtn fEd A =R,

. Roehle, H. and W. Huber. 1985. Untersu-

chunngen fuer Methode der Adlotung von
Kronenradien und der Berechnunng.
Forstarchiv. 56(6) : 238-243.



Faad A es|A 7(2) 1 46~54. 2004
Korean Journal of Forest Measurements 7(2) : 46~54. 2004

Web 7]t MBZAKIE 228 218 Alag™
Hag? . 2g2?. o|Hs’

A System for the Management of the
Forest Survey Data on the Base of Web'*
Soon Duk Kwon’, Yeong Mo Son’ and Kyeong Hak Leé’
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#o% & de 2a2A +3, A9, 9 &7@ Mo AR AL AF 7% HolHE AE
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ABSTRACT

The system developed in this study is database system which is able to mange the forest
growth data accumulated in the computer system and furnish a user with basic data to develop
the growth model according to species, area and site. The structure environment of the
database system is system managing under the Web environment on the basis of the DBMS
which is used commonly. The serve architecture constructed using Microsoft Visual Basic
.Net framework. The database system consisted of 10 table and designed using interrelation
through each table. The input-data consist of the plot data and the forest survey data. The
input-data are managed on the base of the plot data, and model developers developed to be
able to use searching for the necessary data at growth model development and easily input
data.

Key words : database system, forest growth data, Microsoft Visual Basic .Net framework
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A Study on the Biomass and Nutrient Contents of
Phyllostachys bambusoides Stands’

Sang Tae Leez, Jae Hong Hwangz, Byoeng Bu Kimz, Kyung Jae Leez,
Hyun Chul Shin’ and Kyu Jong Park’

fo

of

t AAgE AFA Y X JE gl 98 3 2 2738 B o Smx5m
az1e] HEF INE ZAEAT. EANLF FH LS A3t logY=logA+logDBHe §1%7
Ho] BYA S A Edte] dE2FS AT, S AR 5L A5 F Y 2L
&3+ 151.4(71.9%), 97.6(75.3)ton/ha, & 27.3(13%), 16.9(13%)ton/ha, 7FAl 31.7(15%), 15
(11.5%)ton/ha 28] 3 3AFA] 0.3(0.1%), 0.2(0.2%)ton/ha2 Z+zt ZALEon], AA Y327}
AZFFL 247+ 210.7, 129.7ton/hal g EA T},

Aad rfadlg s 194 93 7EA7F 294 o149 o 2 /IR EY Esken, 234 oA
ol AA Wl ZF vEE 194 Bt} A3 Zasdd. 269 JEF 55 24948 949 /A =
19T Eich, 2AA W) A&, A4, Z2F 2 vladlg e AAEY @tey, T4
ZE 238 F/slden YES 5= 2 ¥ . @3 /A AR e FE e A

5, 24, A4, vtadle 2 UEE 22 340
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ABSTRACT

This study was carried out to investigate biomass of Phyllostachys bambusoides stands in
Jinju, Gyeongnam Province. Three 5mx5m quadrats were set up and culms were harvested
by each DBH and age. Estimate equation of biomass was used logY =logA +logDBH model.
The aboveground green and dry weight were estimated to be culms 151.4(71.9%), 97.6
(75.3)ton/ha, leaves 27.3(13%), 16.9(13%)ton/ha, live twigs 31.7(15%), 15(11.5%)ton/ha and
dead twigs 0.3(0.1%), 0.2(0.2%)ton/ha, respectively.

The N and Mg concentrations of current-year leaves and live twigs were higher than those
of leaves and live twigs over 1-yr-old. Potassium concentration of live twigs over 1-yr-old
considerably decreased compared with that of current live twigs. However, the Ca and Na
concentrations of leaves and live twigs over 1-yr-old were higher than those of current leaves
and live twigs. Nitrogen, P, K and Mg concentrations of dead twigs were lower than those

! #5% 20044 8A 13H Received on August 13, 2004.
: zyaduvety FRAAAT L Korea Forest Research Institute, Southern Forest Research Center.
- 55 s
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of live twigs except for Ca and Na concentrations. Nutrient contents of leaves and twigs were
highest in N and followed by K, Ca, P, Mg and Na.

Key words : biomass, green weight, dry weight, Phyllostachys bambusoides, nutrient distribution,

nutrient contents
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Table 1. Stand characteristics for Phyllostachys bambusoides stand in Jinju, Gyeongnam Province.
Values in parenthesis are one standard error of the mean

Age
Total
current > 1-yr-old
No. culms/ha 3,600 17,800 21,400
Mean DBH (cm) 5.07 (0.48) 5.17 (0.13) 5.15 (0.14)

Table 2. Characteristics of soils(0~ 15 cm depth, n=6) for Phyllostachys bambusoides stands in Jinju,
Gyeongnam Province. Values in parenthesis are one standard error of the mean

2 2

Sl pH  Org. C. T-N Aval. pos CEC K°  Na'  Ca"  Mg”
texture (1:5,H:0) (g/kg) (g/kg) (mg/kg) Cnol )

o 46 63.6 121  16.87T 58 0.2 006 1.63 0.3

0.13) (3.8 0.19 @70 0.4 (.00 (.00 (0.1D (0.01)

G282 $Retel 28 QAT 44 ¥ AN 2EA

At Ao vig o2 WA dES Bl o
g EAstRen, S dE AL R EG & 3. g &4

¥ F8 54L& Table 1, 29 Zt}.
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Table 3. Green weight(kg) of each component for Phyllostachys bamsusoides by DBH

Aol A - AEE -

47F

CE LR

HEFH LG B AT

Age DBH(cm) Culms Leaves Live twigs Dead twigs Total
4 5.48 0.59 1.22 7.30
(75.15) 8.12) (16.74) (100)
st 6 9.37 1.07 1.76 _ 12.20
(76.79) 8.75) (14.46) (100)
8 16.67 1.34 2421 _ 20.21
(82.47) (6.61) (10.92) (100)
4 5.70 1.51 1.07 0.003 8.28
(68.86) (18.24) (12.90) 0.04) (100)
s p-old 6 9.35 1.52 1.84 0.091 12.71
- (73.57) (11.92) (14.50) 0.71) 100
8 16.62 1.85 1.46 0.020 19.94
(83.40) 9.30) (7.30) 0.10) (100)
P 10.99 1.38 1.63 0.04 14.04
(76.84) 10.70) (12.45) 0.28) (100)
ojt}, T3 TAMRY A4 0.04dkgo= HT H, gulo FH e AFE AFFS

0.28%2 A3t ow, EEE HA JF
Sie] AFFL 14.04kgo 2 YEFGTH. 71#
BExo @ yFFe 3k, A, o4 a=En
TAA] oz FAFdew, B ZAldAe
FARA S A 23 oA R YT, 1dA 9
A TAAZE QE Aoz ZAEJY. 127
3ol ¥3 AT F5E 20 AAF=
=7l FAGoY, FHo e 59 AF
o] R B XXM AR E A& AA 7@
oA & zel7t e Aoz YERT.

N

Table 49} 2t}

Table 4914, AFHe £Xe AA FHF
ol A Zzto] H4 5.98kg, T HH &2 78.01%
2 71 Esken, /X9 o 5o ¢o= Z47
0.92, 0.63kge 2 Yelon F3n| & Zt7
13, 8.69% 2 ZAMH AT, TAA S AS 2
Al A 0.031kg, THHEL 0.3%E A8t
AT, AEF] A AFFANE FHY
apol7k Qo= BY AFY BS 0 BFF
o] w&d FFoz FANEYoY, AFS

Table 4. Dry weight(kg) of each component for Phyllostachys bamsusoides by DBH

Age DBH(cm) Culms Leaves Live twigs Dead twigs Total

y 2.91 0.27 0.66 3.83

(75..80) @.1) a7.1) (100)

1.98 0.50 0.84 - 6.31

i, 8 (78.82) (7.86) (13.33) (100)
g 8.10 0.65 1.28 _ 10.03

(80.76) 6.43) (12.81) (100)

y 3.76 0.71 0.66 0.002 5.12

(73.36) (13.80) (12.80) 0.043) (100)

- 6.01 0.73 L5 0.072 7.97
Eebsid 6 (75.42) 9.20) (14.47) 0.905) 100)
p 10.10 0.93 0.92 0.018 11.97

(84.39) 1.75) @.1) 0.147) (100)

5.98 0.63 0.92 0.031 7.54

Hypags (78.01) (8.69) (13.00) 0.300) (100)
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Table 5. The ratio of dry and green weights of each component for Phyllostachys. bamsusoides by age

Age Culms Leaves Live twigs Dead twigs Total
Current 0.52 0.47 0.53 0.51
>1-yr-old 0.64 0.48 0.62 0.79 0.62
Average 0.58 0.48 0.58 0.79 0.56

Afdde td Aozt e Aoz JEyt,
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Table 6, 72 Zth.

Table 6. Estimated equation of green weight by

DBH variable
Components  a b SEE R?
Culms 5221 2.169 0.042 0.9%
Leaves  6.595 0.43 0.066 0.840
Green  Twig  6.271 0.54 0337 0.240
weight Dead twig -2.954 3.204 2.113 0.218
Total  6.24 1.777 0.053 0.993

Table 7. Estimated equation of dry weight by
DBH variable

Components  a b SEE R

Culms  5.070 2.004 0.050 0.995
Leaves  5.619 0.574 0.061 0.914
Green  Twig 5698 0.600 0.34 0.270
weight Dead twig -3.956 3.627 2.137 0.259
Total  5.853 1.711 0.067 0.987

Table 6, 7914 BFF2} AZFF ot F
AR g AEY FH4 BN A9 F
73 Ao AL FAE BN AR AT F
Ax BE2 g 1B o o 2GS
Btk aglm AARPAME FH A
AR 292 YeE AT oy 7R 1
AR E FoH AFE dA EIA.
o8| g At o) FAMNAR S AL dF 2
S ARE] o BAE 7HR 9 Aol FHL
A= N2 o]z} glon oo o2 JFgd A
o2 godn,

239 AEFY AFF A& HlPo 2 2AL
Ao d&Fg 243 A Table 83 2.

Table 89 A, Foie} A 43 AFFHR AFF
o g FE:FL =7+ 151.4(71.9%), 97.6
(75.3)ton/ha, ¥ 27.3(13%), 16.9(13%)ton/ha,
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Table 8. Biomass(ton/ha) forPhyllostachys bam-
busoides stands

Green weight(%)

P. bambusoides Dr weight(9%)

Culms 151.4(71.9) 97.6(75.3)
Leaves 27.3(13.0) 16.9(13.0)
Live twigs 31.7(15.0) 15.0(11.5)
Dead twigs 0.3(0.1) 0.2(0.2)
Total 151.4(100) 97.6(100)

7} 31.7(15%), 15(11.5%)ton/ha 18] 1 1A}
2] 0.300.1%), 0.2(0.2%)ton/haZ z+z} ZALE
Ao, AA AFFHY AFFe 27 210.7,
129.7ton/hae 2 A=A}, ojgj & A& ot
Qg7 FAE(1996)0] LEI g A& AR
2 ha@ WA Q) 24.68ton/ha Bt E3kET,
olgl & Aol YF B £ AodA] 7IAstE

3.
S0 TAAEd hE P FE FEd
$423}E Table 99 2.

Table 914 2% vhadl SEE T4
9 A7 1A olgel @ 2 AR uT B9

e =TI ST B A7

ony, A4 FEE I Zol7t HESA skt
194 ol g9 kA W ZF Tt BdAEY
As AadtAed, dgd YEF vEE 1
dA ol 4 7 BE BdAEG Eokh
AR W A, A, ZF 9 vl v=
= ANEYG 2koy, dE FEE 238 F
shetRen YEE =& 2 ¥ss gl
E Ao d& FE e RIEH FAE
(1996)°] Bng Fedl g9 I 7= (N:
1.314%, K : 0.660, Ca:0.426, Mg : 0.248)
B Axo Z2E2 A, 257 vladlEge
A veigth, 184 o2 43 sixle A&
et AR adte AL UE JAGF
9] Aol E YetdEd, Son 5 (2000)2 =
ZIttavFe] FdA 47 7kx 2 1de] A
3 qH kA AA TS ¥ndt 29 1%
o] ZAE B3 b Yok,

S AEFY FF SEHCE FHT A
3 71 e HA dAxdE dR FFS B4
= Figure 13 2},

Fig. 1olA, A Ao} ate] a2 747t 269.2
kg/ha 2 28.5 kg/ha2 UElgedl, AFA4
(1996)°] FHF-A 27ldAuFe 9g45S o
Aoz A AA(7IGAaYE : 132kg/ha,

ot

Table 9. Nutrient concentration (%) of leaves and twigs for Phyllostachys bambusoides by ages

N P K Ca Mg Na
Leaves age
current 2.083 0.137 0.987 0.266 0.077 0.018
0.097) 0.002) 0.102) 0.019) (0.006) (0.004)
sfecrecil 1.601 0.132 0.972 0.346 0.064 0.029
(0.062) (0.006) 0.197 0.067) (0.007) (0.003)
Total 1.842 0.135 0.980 0.306 0.070 0.023
0.119) (0.003) (0.099) (0.036) (0.005) (0.003)
Twigs
P 0.292 0.063 0.809 0.032 0.036 0.026
0.037) (0.005) 0.149) 0.003) (0.001) (0.003)
Five s Tyl 0.250 0.061 0.39%4 0.039 0.022 0.028
0.017) 0.013) 0.021) (0.006) 0.004) (0.009)
Total 0.271 0.062 0.601 0.035 0.029 0.027
(0.020) (0.006) 0.115) (0.003) (0.004) 0.004)
dead 0.208 0.049 0.289 0.043 0.018 0.028
0.072) (0.006) 0.031) 0.001) (0.003) (0.005)
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O dead twigs

B live twigs (=1-yr-old)
[ live twigs (current)
Oleaves (=1-yr-old)

B leaves (current)

Na

Fig. 1. Distribution of nutrients in the leaves and twigs for Phyllostachys bambusoides
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Fire History in the Pine Forests of the
East Coast Region of Korea'*
- Focused on Samcheok Fire Long Term Ecological Research Site -
Soocheol Shin?, Joo-Hoon Lim**, Young-Ho Kang’ and Myung-Bo Lee’
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ABSTRACT

Analysis of fire scars has been used to examine temporal and spatial pattemns of past forest
fires in many ecosystems. Fire history chronologies were reconstructed during the period of
1822 to 2002 using fire-scared pine and oak trees in the Samcheok Fire LTER site of the east
coast region of Korea. There were 39 fire event years and the mean fire return intervals were
8.6~19.0 years at each plot. Most of the fire scar formations were directed towards the
up—hill side of the stem at each plot. Based on the position of fire scars within annual rings,
most fires usually occurred in the early spring season.

Key words : fire scar, five history chronologies, mean five return intervals
2 <%
A D ] AHH ABA7| W) A FZAR] (Samcheok Fire LTER Site)S tiAd oz U9
FIEFY 0o AP AEE) £ o] &34 1822~2002¢d Tt AEAUE EHA
o A2 Bt AR L F 3NEeR YEGen 7 2AME i AAEEAFIE 8.6~

19.0402 dehgth, £%0] FYY BT EAL o] AR ARE Fo] AL
B, 4BBY A7lE BEE] ole B AT Ao yuign

Fool :FEFHEF, HEHGZ], FaAIELYF]

INTRODUCTION east coast region of Korea. The forests of
South Korea are classified into 16 eco-
Fire is a significant component of the distur- regions. Among the 16 eco-regions, the

bance regime of pine dominated forests in the Kangwon coastal and Yoolyoung coastal eco-

! #5 20044 88 308 Received on August 30, 2004.
2 zyaralniety) A2A 73 Division of Forest fire, Korea Forest Research Institute, Seoul, 137-712.
* This research was funded by technology development program for agriculture and forest, the Ministry of
Agriculture and Forestry(Item No. 301008-3)
* &4 2H(Corresponding author) : forefire@foa.go.kr
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regions, which are located in the east coast
region of the Korean peninsular are vulnerable
to forest fire because of warm and dry wind
in the spring(Shin et al., 1999). In April 1996,
3,762ha of forests in the Kangwon coastal eco
-region were burnt down and subsequently in
April 2000, 23,794ha of forests were bumt
which had never been reported on a large
scale as well as severe forest fires in South
Korea(Forest service, 2000).

Fire scars on the stem result from the death
of the vascular cambium by forest fire. Fire
scar analysis is an important tool in under-
standing the forests stand dynamics, as fire
scars record the timing, frequency and spatial
extent of fire within a forest stand. Fire
scars have been used to examine temporal
and spatial patterns of past fires in many
forest ecosystems.

Brown et al.(1994) have reported the mean
fire interval(MFI) of cost redwood near Red-
wood National Park, California, in which
using all fire-associated ring features is a
more complete representation of past fire
frequency than fire scar only. Brown et al.
(1996) reported that the MFI in the pine
communities of the south-central Black Hills,
South Dakata, was 16 years(+14 SD) for the
period of 1388 to 1990. Stephens et al.(2003)
reconstructed fire history during the period of
521 to 1980 of the Jeffery pine-mixed conifer
forest in Sierra San Pedro Martin, Mexico, and
there were significant differences between
mean fire return interval and precipitation of
the year before the fire. Guyette et al.(2003)
presented the fire frequency and expansion
over the last 320 years of oak-pine forest on
the lower Boston Mountains, Arkansas. Fire
frequency and human population density were
positive correlated during the early period of
1680~1880 with low levels of population, but
negatively correlated during the later period
of 1881~1910 with high levels of population.

FHUAY 2Rl A7)

Carprio et al.(1999) reconstructed the fire
history chronology and estimated the extents
of area bumed annually in the East Fork
drainage Sequior and Kings Cayon National
Park, during the period 1700 to 1899.

Little information on past forest fire regime
currently exists for the pine forests in the
east coast region of Korea. Reconstruction of
long term fire history using fire scar data can
provide valuable information on the season
and frequency of past fires.

The objective of this study is to present the
precise calendar years of past fire history in
the Samcheok Fire LTER site using fire scars.
This preliminary fire history information will
be helpful for forest managers and ecologists
to evaluate the effects of forest fire on the
region. In addition, fire frequency and fire-
free intervals will provide information on the
vegetation dynamics of pine forest in the east
cost region of Korea.

MATERIALS AND METHODS

1. Study area

The Samcheok Fire LTER site is located in
the east coast region of the Korean peninsular
which belongs to the Kangwon coastal eco-
region of the cool temperature forest zone
(Fig. 1). About 4,000ha of fire damaged forest
in 2000 is in the process of registration in
ILTER for forest fire research and rehabili-
tation monitering of the ecosystem.

Before the fire, 72.6% of the forest was
composed of coniferous species in this site,
25.1% was pine-oak mixed forest and 1.4%
was deciduous forest. The dominant tree
species was pine(Pinus densiflora for. erecta),
and some conifers such as Pinus thunbergii,
Pinus koraiensis, Pinus vigida and Larix
kaemferi had been planted for the forest
rehabilitation after fire in the 1980s. Most of
the oaks(Quercus spp.) in this region have
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Fig. 1. The location of Samcheok Fire LTER site(left) and sampling plots of fire scared disks(right).

been regenerated naturally after fire.

2. Sample collection

The cross-sectional disks were sampled to
determine fire data and tree-ring pattemns at
13 plots within the Samcheok Fire LTER site
area during the period of 2002 to 2003(Fig. 1).
The location, aspect, slope and elevation of
each fire-scarred disk was recorded on the
topographic map. All disks were cut from the
stumps and standing trees of pine and oak,
approximately 20cm above the ground surface.
The surface of each disk was smoothed by
belt sander with two progressively finer belt
grits from 100 to 400.

3. Fire scar analysis

Annual rings were dated using the skeleton
plot technique(Stokes and Smiley, 1968) and
graphic methods(Pumijumnong and Eckstein,
1995) to determine the fire year. The rings
were counted by every tenth ring from the
outer ring to pith, and every fire scar was
marked. To insure the accuracy of cross-
dating and fire scar chronologies, intervals
between fire scars were cross-checked with
intervals on nearby cross sectional disks.
The master fire chronology of Samchuk Fire
LTER site was developed using the technique
summarized by Amo and Sneck(1977).

Annual ring width was measured within

0.0lmm using DTRS-2000 and Snasys™ to
analysis the tree-ring growth pattern of each
fire scared specimen.

RESULTS AND DISCUSSION

1. Fire scar formation

Once a tree has a fire scar, the tree is more
easily scarred in subsequent fires compared to
an unscared tree, because the cambium is not
well protected by bark at the edges of an
existing fire scar and can be scorched in
subsequent fires causing new scars(Gray and
Riccius, 1999). Fire-related plant tissue mor-
tality is dependent upon both the temperature
reached and the duration of time. The lowest
thermal death point at which plant cells die is
considered to be between about 50 to 55T
(Write and Bailey, 1982).

But susceptible plant tissue is protected by
other tissues such as bark or bud scale, it
may not be directly exposed to fire heat. The
time taken for the cambium to reach the
assumed lethal temperature is exponentially
related to bark thickness and flammability of
the outer layer of bark(Whelan, 1995). Cambium
injury in shortleaf pine showed that 15~20
minutes of exposure was required to kill the
cambium under 4cm of bark when exposed to
air temperature of 532 °C (Guyette and Speitich,
2003).
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Fig. 2. Cross-sectional disks of fire-scared trees in the Samcheok Fire LTER site.

SMPd-CO9
1926-2002,

(A) The cross-sectional disk of a tree stem shows a series of fire scars from fires in 1937,
1946, 1951, 1953 and 2000. Part of the cambium has been killed and the living portion of the
stem has grown over and buried some of the scarred tissue. A series of fire scars were formed
on the up-slope side; (B) A fire in 1993 killed all the cambium except for the small areas,
and the fire year's tree ring growth was abruptly reduced; (C) After a fire in 1951 rapid tree
ring growth occurred, and in 30 years the new growth encircled and healed over the original
scarred stem; (D) After a fire in 1951 tree ring growth was accelerated for several years after
injury and the new tissue expanded around the stem. In the area of wounding, the tree ring
may be anomalously large after the fire. Fire may destroy competition in a stand of trees,
remove the shade, release minerals, and make more soil area available to the roots.

Tapering scars on pine trees from forest
fire can be seen in the Samcheok Fire LTER
site(Fig. 2). Fire scars are most likely to
form in areas where fires burn with even low
intensity., A fire scar is caused when heat
from a fire penetrates the bark and Kills the
cambium, and after the injury the adjacent
live cambium expands slowly over the surface
of the scarred area and may eventually enclose
it. Fire scars in which the tree has not com-
pletely healed over will be visible from the
outside of the tree.

2. Fire frequency
Fire scars are commonly used to reconstruct
the frequency of past forest fires. Fire dates

for the chronology were cross-dated using
both fire scars and other fire associated
features such as fire ring, growth release and
double rings. Use of cross-dating or cross-
counting methods for determining the number
of years between fire scars may also lead to
differences in fire frequency. Cross-dating is
more accurate than ring counting for deter-
mining dates of past fires and estimation of
past fire frequency(Mandany et al. 1982).
Fire rings were usually observed within the
cross-sectional disks of pine tree, ring series
were narrow rings that represented the next
year's growth after the fire. The possible
explanation for the formation of fire ring is
that foliar recovery the year after a crown-
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Fig. 3. Fire history chronology of the Samcheok Fire LTER site shows fire years at each plot. The
short vertical bars are fire scar years and the horizontal lines represent the tree-ring record

of each plot.

damaging fire could lead to reduction in
cambial growth(Brown and Swetnam, 1994),
and/or if flames reach the branches and
foliar, the fire damaged the tree's crown and
this may reduce the photosynthate production
the year after fire(Schweingruber, 1996).

In other cases, growth release were found
which abrupt increased in ring width lasting
from several years after fire, These extend
much farther around the ring circumference
and sometimes heal at scar boundaries. Fire-
associated growth releases were common in
pine trees in the surveyed area. This may be
due to the release of nutrients or reduced
competition in the surrounding individuals
killed by fire(Brown and Swetnam, 1994).

A total of 270 fire scars from 60 cross-
sectional disks were identified and cross-
dated to the calendar year of fire dates.

During the 181 years from 1822 to 2002, 39
fire event years were recorded at the 13 plot
within the Samcheok Fire LTER site(Fig.
3). The fire chronology of the Samcheok Fire
LTER site shows repeated fires about two
centuries, 1946, 1951, 1953 and 2000 fire
years had a significantly severe fire record
than other past fire years. Fire scar dates of
individual trees were combined into composite
fire scar chronologies for each plot. Mean fire
retumn intervals(MFRI) varied from 8.6 to
19.0 year at each plot, and pine dominated
forests were shorter MFRI than pine-oak
mixed forest of Q, R plots. Fire-free intervals
were from 2 to 36 years at each plot(Table 1).

3. Fire scar orientation
In sloping forest land, it is common for fire
scars to form on the uphill side of stems. The

Table 1. Fire chronology and frequency data at each plot

plot name A B CECW E H J L N PN PS Q R
Number of sample trees 3 3 6 5 5 3 4 4 3 3 3 5
Total years of record 92 211 480 429 466 501 282 401 296 250 128 132 250
Total years with fire 3 5 10 2 13 13 15 7 8 5 3 3
Total number of fire scar 8§ 11 29 26 24 16 2 16 12 1 10 12
Mean fire return interval 9.3 12.3 8.6 9.0 11.0 10.3 10.1 10.4 9.3 16.3 9.5 19.0 16.0
Min. fire interval 3 2 2 2 2 2 2 5 2 3 9 8
Max. fire interval 21 28 14 31 H4 3 36 17 ¥k 15 29 A4
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accumulation of leaf litter and twigs against
the uphill side of stems results in a higher
fire intensity and duration on the uphill side
of the trees(Whelan, 1995). When a fire moves
to the uphill side, fire scarring tends to be
concentrated on the uphill side. As wind
eddies, a back-fire burning into the wind
causes elevated temperature at the bark and it
continues in the cambium layer for some time,
whereas a head-fire may produce greater peak
temperatures in the outer bark for a much
shorter duration than back-fire(Whelan, 1995).

Seventy-three of datable fire scar directions
were measured from the 270 number of fire
scars, and the direction of the fire scar relative
to the downslope of the terrain was plotted.
Three slope categories were defined : upslope
(=135° and <180° of downslope direction),
sideslope(45°> and 135° on either side of the
downslope direction) and downslope(45° of
downslope direction). As the result of fire
scar direction in the Samcheok LTER area

20

Number ol
individuals
s @

o

0

0 30 60 30 120
Orientation of fire scar

Fig. 4. Orientation of fire scar relative to downslope
side of stem.

shows that, 58(79.5%) of fire scars occurred
in the upslope direction, 15(20.5%) of fire
scars were in the side slope, and there were no
fire scars in the downslope direction(Fig. 4).

4. Fire seasonality

The relative position of fire scar within
rings can reveal seasonal pattems of fire
occurrence at a given site. Two-hundred and
seventy individual fire scars in 60 cross-
sectional disks were examined and the
relative position of fire scar within the rings
were classified. The season of the fire scar
were classified into three types according to
the position of the fire scar in the annual
ring. Scars in the earlywood(E), which were
formed at almost the ring boundary occurred
just in the beginning of the growing season.
Scars in the late-earlywood(LE) occurred in
the late spring and early summer, and in such
cases false-ring were usually formed. Scars
in the latewood(L) most likely occurred in the
late fall season(Fig. 5). However it can be
limited to classify seasonal fire by position of
the scar within rings because the initiation
and cessation of cambial growth may vary by
year, tree age, micro-site, and species
(Stephens, 2003). Seasonal position of 270
fire scars were determined the 39 of fire year
from the Samcheok Fire LTER Site fire
chronology. Of these, 77.8% were identified
as earlywood scars, 15.6% as late-earlywood
scars and 6.7% as latewood scars.

Fig. 5. Intra-annual ring position of fire scars of three types. (A) Earlywood fire; (B) Late-Earlywood

fire; (C) Latewood fire.



These percentages confirm that fire season
runs from early to late spring, which is nearly
consistent with the modem fire occurrence
data. In the recent years of 1991~2002, 54
forest fires were recorded in Samcheok prov-
nce. Of these, 75.9% of fires were recorded
in the spring(March to May), 11.1% of fires
were in the fall season(September to Novem-
ber), and 13.0% of fires were in the winter
season(December to next year's February).
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ABSTRACT

This study was carried out to analyze the problems of the current forest land use schemes
and to identify efficient measures for forest land use zoning. The results of the study will
provide the bases for re-structuring forest land use system and establishing forest land
development policy.

Korean forest lands are divided into permanent and conversion forests. The criteria for forest
land use classification and the manual mapping for this forest classification, which are non-
scientifical methods, caused many problems incurring a lot of public grievance and resulted in
inefficiencies of local forest administration. In terms of forest land use mapping, using the
continuous cadastral maps digitized by the Korea Research Institute of Human Settlements as
a base map while overlapping six kinds of digital maps such as use district map, forest land
use base map, forest cover map, forest soil map and topographical map through GIS will
improve the process of drawing up the forest land use base map and the efficiency of using

! % 200448 98 98 Received on September 9, 2004.
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the digital map.

A& A 702). 204 71

The forest land use classification by GIS will shorten the period of drawing up the map,
compared to the current two-step approaches which are digitizing the map after the manual
mapping which takes a long time to complete, and increase precision of the map by
accommodating small areas less than 1 ha. These aspects will improve the credibility of the
forest land use base map and the efficiency of local forest administration due to less

expectations of the public grievance.

Key words : Forest land use system, Decentralization, sustainable forest management( SFM),
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Accessing Suitability of Recreational Area in Urban Forests

by the GIS Technique'
- A Case Study on Pocheon City in Gyeonggi Province -
Rhee Hwa Yoo’, Bo Young Ham’, Chan Woo Park’ and Eun Yong Youn®
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ABSTRACT

This study was carried out to evaluate the suitable area for recreational region in urban forests
at Pocheon City in Gyeonggi Province using GIS technique. The eight factor made a selection
of evaluating the suitable area for recreational region in urban forests, that is, age class, forest
cover type, crown density, water, slope, altitude and the accessibility from road. And the final
suitable region was analyzed to give a score by the factor and the weight. The results showed
that it was suitable technique for GIS that evaluate the recreational function by regarding for
biological, geomorphological and accessibility factor. But, it was required that previously
investigate the social and economic factors that related with the characteristics of urban area.

Key words : evaluation of suitable area for forest recreation, urban forests, GIS technique,
forest recreational function
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