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Abstract: This study was established to investigate the site environment of mixed forests in Korea and to estimate
the growth and yield of stands using national forest resources inventory data. The growth of mixed forests was derived
by applying the Chapman-Richards model with diameter at breast height (DBH), height, and cross-sectional area at
breast height (BA), and the yield of mixed forests was derived by applying stepwise regression analysis with factors
such as cross-sectional area at breast height, site index (SI), age, and standing tree density per ha. Mixed forests were
found to be growing in various locations. By climate zone, more than half of them were distributed in the temperate
central region. By altitude, about 62% were distributed at 101-400 m. The fitness indexes (FI) for the growth model
of mixed forests, which is the independent variable of stand age, were 0.32 for the DBH estimation, 0.22 for the
height estimation, and 0.18 for the basal area at breast height estimation, which were somewhat low. However,
considering the graph and residual between the estimated and measured values of the estimation equation, the use
of this estimation model is not expected to cause any particular problems. The yield prediction model of mixed forests
was derived as follows: Stand volume =—162.6859+6.3434 « BA+9.9214 « SI+0.7271 « Age, which is a step- by-step
input of basal area at breast height (BA), site index (SI), and age among several growth factors, and the determination
coefficient (R?) of the equation was about 96%. Using our optimal growth and yield prediction model, a makeshift
stand yield table was created. This table of mixed forests was also used to derive the rotation of the highest
production in volume.
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AR % 99, 2 L RIS e 2
@R A del B, YT 82 2 ol
wia} of Az AE

9= };4 mna} /\(])411— /\EZLEEHO Thas
3t < AEA =, T 53 H(even-aged pure forests)o]] &
), £ Y (mixed forests) > UHFZ O 2 ThofFsl %
2 ¢y oz TAE o] (uneven-aged)H o] F2E e
W1 9o} 2047] o A7HA] Aet & g Az o] STt
T2 oA 7)o FEo 2 wd Jfdo] of#fgo] gl
olth(Vanclay, 1994). welx] =2 thel 2oz LA
(S Q1F ) Telel o A% 9 Sshme] dfet
Q77 29 A AxEo] ge o] giglen, %7}
3R 2Rl FHE A AISEL ItH(Cota, 1821,
Bartelink, 2000, Liang et al, 2005).

Zadof izt mdl 7k 20417] ARE7|o AJRE] Lo
of, WAl o] 35T QJate] tharet B BolE
E13}31 Wiedemann(1949)0]] 2]3}] ‘5 (even-aged)2] 7}
By EshE EagelH AEHoL AEH
TERE WEUE 7N Shofl A S whE o] 9]
A9 A 22 B3 It Mohren, 1987; Porté et al., 2002).
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P 5082 A oA WAlE 429
A5l of] o] 2t Alimi et al., 1977,
Mikeli et al., 1986; Kramer, 1995). L& o0& H1H,
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3 ItH(Wigley, 1993). T=31 Phillips et al.(1994)-2 7325t
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wheba] 7)o chego] ARk gl o] mdlo] At Ml
ofte}l Wstd&o] o o7 Zo| ol itE= £ad
gt el sidho] HQgk Aol

2020 7] S-=uhel APl A(6,298%ha) F A
2 HE4 36.9%, DA 31.8%, =EH 26.5%, 7|E} 4.8%
2 4o glon, ofF AAFE AT 5 8 43,
At AR 5 67 250l tef Agmo] T
Zx]0] Qlth(National Institute of Forest Science, 2021a,
2021b). Lejuf = & ol tsjAl= vfo] QulX, ghas
A, = D XY ARG RE 5 =9
JHah AtEglom, A A ApofA e Ead A 9
’\QE%‘ Mg AF= AREScH(Park et al., 1999; Seo et

, 2005; Son et al., 2014).
& SR TR A28 18 T

_l

Zade] grgAe] ogA L= e AE EA
B, A=A ?ﬂ%’f 9ol 8 5SSl ARl
& =&t shitk 1e]a AR ES o]-g-ste] A A
o] APFATF W AT AXFO R A A2y
718o] ol A|7|7} Aghet A& o} Bo =z, A - Al
gog Bctek adolxe] e A 9 =8k
A&t AHEEFE AL = U= BFIES A 2L
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1, SAIR=E
Selutebs A o) B Aditel 9 A S
= 918l 1972d7E F7]14 1 X 7HFE AF 2 A(National
forest inventory, NFI)& =di35}o] ko, 90t o]%
A FSISHE A 7F T A A o] thefRE 71X o] ¥
stet A etk o] BHHA =7k AR AAI(S
b 2AF 0|27 v A H AT v Al A A= A W
SRR B S BYEPo] 7Hsstes &
VA7 = aL, B3 7ol ARl F7HEA HAU
t}(National Institute of Forest Science, 2021).
B Aol ALgR ARE 59 2719 AR
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Table 1. General characteristic of sample plots in mixed forests.

Growth DBH Height Trees number/ha
No. of plot Stand

Forest type factors o OF POl ane age (cm) (m) (No.)

. 11 24.1 13.4 1.159

Mixed forest 4,262 7102 6.6 393 38 2438 38 — 4,300

& olghe, wuyol FAT Z0] FARE ERY A 2) A% U S%ed B2 9
Awd e myegol ohy e, B shpsbE AT SSerowth and yield)& $AYE oju] = AHg
2% AERYOR o] BEAAT. TelT R AT ARE Fol AZke] F7lol T i o) A
o] U] &S gietslr] HallAe 4 A7EE AL T Zebo] g3t 2719 S7HAR, A2 A, m’halyr)
L mRHo| Bal] ulRo] 731712016-20208) B = ojulao, feke B4 AR vpxlute] ZHEle 2]
o] 2F7(4,2627) plots)THS- &85l t}. Table 19 A|A| Cl2, & A&, m/ha)Z ou|shs, JUsA walA xjo]
H ARE B BXo &8F 7x7] 2EH 3t A=

e e Aol
A 24 A2 5 B i A TS SAstol,

=
WA ERYoR ByE BEY At BeH gl

gul

AA Bt ERYS G4 F WSSt BARe F
Q =

A5 lth(Korea Forestry promotion Institute, 2017).
Table 1o4] 102Q1 Ea 79| ¢J/4fo] wHehE o FaL QL
go| EEah A= A4 AT R0 2AAE AAE
Lo §AIEkAL R eH, aAfES S0l A
AU 9] Vet 5502 T had Fo] oF 450 mo
gete ERd o WA

o]
o|E & o= 1/5,0009] AHHAAESE=S] ArE B-E3}
S th(Korea Forest Service, 2022). &2 W3k 7MY
A=A T2 AR (Korea Forest Service, 2021)9] &
hats et 2o arE 1/5,000 thE4 AHAAESE
A R QAL AHSIE T2 ok, AXTHUAE 27t
A7 Aotk JAEGE oAl =EE AR HA(H,
ST, 715, 2249, AAFE S, s ),
£4, B4 59 Audrk

le} L= L =~ ?_]_
7%, s, 2aAE, mel, B4 5o ot @3
E&a}9r.

Aol QIrkar & 4= gick. ol @Y elA] 48k Folxl Al
of A AAIRR] yhulo], APge: AlAeFel tigk ]gole}
2 5 glom, weF 58k yet ShE, AYS dydre B
@ 47k 912 Ao|chVanclay, 1994).
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(Clutter et al., 1983; Vanclay, 1994).
7k QA Agade] Fel chewt gon), HAAe
A3} (fitness index, FI)Q} @ 2}9] #& @ 2HSEE) 5 o2
Aste] BE3HGTh 5:4]0] 7t wtet el SAS L
WS o] &5lo] E=E5FF HKim, 2000; Kim et al., 2014).

Y(DBH, HT, BA)=a(1—e V")) ¢ (1)
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Y(V) =a+bz, +cry+dry ... 2

(947]9l|l A, DBH = Diameter at breast height, HT = Height,
BA = Basal area per ha, V' = Stand volume, age = Stand
age, a,b,c,d = Parameters, x; = Independent variables,
Y; )7,-,? = Measurement, estimate and mean of growth,

respectively, » = Number of sample, and p = Number of model

parameters)

o] 43.1%, 59| 39.5%
2, o] 2711 gol AA| Ak F of 83%E AASIL Sl
Ao UePgth 1 9] 693 6.6%, 395 6.0% #=0]%S
o, o5 AtRE EaEY| Bt A& Albshd of 409
4mwQl AL R e

Eag9 hay YEEFE 500~1,000% Abojof Q=
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ARSI Qs AC R UERgTh 123 1,500-2,0008-2
7HAE R 15.2% FE UERE o, 500+ olshe] 2
Z

42 7t 2EE AH(8.8%) Ak Ao & ehyitt

A AR = AR} A
TS Hefsy] flstel EREAHTANE HeR 2EE

A28 A1E (2023)
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RO, EQFo] R AQFE(sandy loamy) 40.5%, Y&
(loam) 35.9%, B|AFRSFE(silt loam) 19.5% %2 E£8H-2
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319 THTable 2). & ¢to)] A}8% Chapman-Richards &
9.2 Richards(1959)2} Chapman(1961)©] Bertalanffy = 2

Age class distribution (%)
Vil
v VI 1.9%
39.5% 6.6% vill
1.1%

0.0%

0.2%

I
14%

43.1%

Trees number per ha distribution (%)
1,501~2,000

1,001%1,500 ! 15 29]5. 2,001~2,500

30.9% ’ 5.7%
2,501~3,000

1.7%
3,000>
0.8%

500<

8.8%

Figure 1. Age class and tree number/ha distribution in mixed forests.
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Climate zone distribution (%) Altitude distribution (%)
Central temperate zone Northern temperate zone 401~700m 701~1,000m
51.3% C111% 13.9% 5.4% 1,001~1,300m
| a 0.8%
" 1,30171,600m
0.2%
_1,600m>
0.1%
Warm temperate zone 100m<
Southern temperate zone 14.8% 101~400m 11 ;;i
22.9% 61.7% .
Topography distribution (%) Parent rock distribution (%)
Hillside Hillt Metamorphic rodk Sedimentary rock
tiitop 30.3% -
26.2%
_3.6% 30.1%
. __Flat zone
0.3%
__lgneousrock
Foot of '_Basal zone B 39.7%
Mountain 1.0%
68.9%
Soil depth distribution (%) Soil class distribution (%)
BD”SDcm_. 6lcm > Sandy loamy Clay
47.9% 10.9% 40.5% 0.1_'3‘6
_Loamy sand
0.1%
¥
Silty clay
loam...
Clay loam
29em < L | Siltloam 0.6%
41.2% oam 19.5%
35.9% :
Slope patern distribution (%) Slope degree distribution (%)
31~40
Flat solpe _ 21~30 22.2% ~
34.3% _ Downbhill slope 41750
18.2% 2%
51>
0.2%
_10<
7.1%

26.6%

Uphill slope
47.6%

Figure 2. Site environmental factors distribution in mixed forests.
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A28 A1E (2023)

Table 2. Parameters and statistic of growth model by factors in mixed forests.

Parameters i
Equations Eltness SEE
a b c index
DBH=a(1— e(_ b “ge)) ¢ 28.1950 0.0696 3.0971 0.3194 0.1450
HT=a(1—e b ae)ye 14.4292 0.0878 3.1023 0.2217 0.3344
BA=a(1— e(* b ‘196)) ¢ 48.2736 0.0342 1.5948 0.1836 0.7721
DBH estimation Height estimation Basal area estimation
50 30 120
DBH (cm) R HT (m) BA (m'/ha)
a0 b1 100 vy, .
. 2 80 A
30 . . S
15 M 60
20 . . :
10 a0
10 5 20
R +DBH_m ®DBH e o +HT_m eHT e 0 +BAMm eBAe
0 20 a0 60 80 100 120 0 20 a0 60 80 100 120 0 20 40 60 80 100 120

stand age

Stand age Stand age

Figure 3. Estimated growth curve of dbh, height and basal area in mixed forests.
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Table 3. Stepwise regression analysis result influencing the stand volume in mixed forest.

Inp ut Parz}meter Prob>F Model R? DW Autocorrelation
variable estimate
Constant -162.6859 0.0001 -
BA 6.3434 0.0001 0.8683
1.661 0.169
SI 9.9214 0.0001 0.9511
Age 0.7271 0.0001 0.9559




PEEe FEFH] 0.1%] Etsf 2] F/ollA
71242 AZE ZApe] et A S o 4 Sl Tl
SH=Zk(durbin-watson, DW, dHtd o2 20f -3 fj&
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Fe e o Qe Ae P HE o2 dk

o] ek AMS fle RIS WAL
TFEX, Bennett(1970)7} slash AU H g 9]
S ol 2 Aot sdsHA FardwA, 2R,

Stand volume =

162.6859+6.3434 « BA

+9.9214 « SI+0.7271 « Age

21
=

3)

B xR

HLE ARE3E B Q1o Sullivan et al.(1972)%= loblolly
U A9l7 52 o 23 9lakol, 11231 Perala(1971)%
black spruce =& =Fo -2 Ao FAT A=
ARgSte] Aot ARS =E3F HE 9lck 21 9] Borders et
al.(1986)-> slash AxUp =2hef Abgof] Fardhi 2} 4=
9 ARge ATE sl

Aol BEE ERYC) A4 U SeuUS o] g3

o] Table 4

H A3l =
2ol QussEs

Table 4. Makeshift stand yield table available for mixed forests.
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