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Abstract: China’s Natural Forest Conservation Program was launched in 1998. Since then, a harvesting model based on
logging broadleaved species while retaining Pinus koraiensis has been widely applied in the Changbai Mountain region of
Northeast China. The primary goal of this model is to promote the return of degraded secondary forests to primary
broadleaved Korean pine mixed forests ( BKFs). However, because of differences in tree species composition among
secondary forests, this harvest model has led to a decrease in timber resources in some parts of the region. In order to
explore a sustainable utilization program for BKFs, we simulated the dynamics of total timber stocks under different harvest
scenarios. We selected five secondary 1-hm” BKF plots, which had been established in 2007 in the area administered by the
Lushuihe Forestry Bureau. In these plots, Pinus koraiensis accounted for approximately 20% , 30% , 40% , 50% , or 60% of

the gross volume. We divided each plot into 25 subplots, each measuring 20 mx20 m. Within these plots, we identified and
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measured all free-standing trees with a diameter at breast height of =2 c¢m at 1.3 m above the ground. To simulate volume
dynamics in the plots, we divided the tree species into three groups, namely, conifer trees, commercial broadleaved trees,
and other trees. For each group, we applied volume growth equations and survival index equations to predict the volume
dynamics of stands. In addition, we tested the validity of the harvesting model by using paired i-tests to analyze data
obtained over a 10-year period from 10 permanent plots, ranging in area from 0.25 hm” to 0.5 hm’. We calculated the gross
volumes and the volumes available for harvesting of stands under a range of management programs, with harvest intensities
of 20% , 30% , or 40% and cutting cycles of 10 years, 20 years, 30 years, or 40 years. In addition, we divided the
programs into two groups: in the first group, harvesting of Pinus koraiensis was permitted, whereas in the second group,
harvesting of Pinus koraiensis was prohibited. We verified the validity of the harvesting model (:1=0.229, P=0.829). The
logging schemes that prohibited harvesting of Pinus koraiensis not only restricted the volume of available timber but also
made restoration more difficult. Even under the lowest harvest intensity of 20% , the available timber volumes did not return
to original levels after 40 years of restoration in secondary forests, where Pinus koraiensis comprised >40% of the total
volume. Hence, to achieve sustainable utilization in secondary forests, the characteristics of tree composition should be
considered when developing harvest schemes. For secondary forests in which Pinus koraiensis comprises >40% of the total
volume, the harvest scheme should permit harvesting of Pinus koraiensis with a cutting intensity of 20% at 30-year intervals.
In contrast, for secondary forests in which Pinus koraiensis comprises <40% of the total volume, the harvest scheme should
prohibit harvesting of this species, with a cutting intensity of 20% at 40-year intervals. We further showed that the period
required for restoring the volume available for harvesting was longer than the period required for restoring the gross volume.
Hence, evaluation of the logging cycle according to the period required for restoring the volume available for harvest will

more efficiently promote sustainable forest utilization.

Key Words: broadleaf Korean pine mixed forest; tree composition; volume; prediction model; logging scheme
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250 KBIHERE TR (2) BEBURIKEZ WS ] R & BUR AR A 22507 152 R R I, 0 — 4
JE A PP TR R 2

1 HREHR
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1040 mm, 545 3 P P, 4 BRSO . SR BRI R R KR A LR,
M A IR AR SR IR BRI (AR B SO Ry i i ZLRA R, ST AR JZ R RO AA Fop
ZIHS ( Pinus koraiensis ) Ab, it P A WA ( Tilia amurensis) . 7K W Ml ( Fraxinus mandshurica ) . 7 i ( Ulmus
Japonica) AL Acer mono) |5 # ( Quercus mongolica) 55"

2 HRAE

2.1 FEHLEEAE

MRS LR (B FLBIAR TR, 2007 4FH 2= (7—8 A ) 1EZE KA R v 4% 5 B g i 21 A bR vk A=
MR AR E T Thm® [EE AR TR A (R 1) o I Al SOKE 25 FE LR 43 1 25 > 20mx20m AIARE 7, X 4%
T AR =2em TR ARIEATREAKE R, I 10 55 T AR BRI 22 FIMAR | B0 FH 1 2008 Jr 5,

FRAAE K T A Y 1 56 1 4540 Ok VR T i X 4k 10 Bl [ A AR b G A2 I R, 1D E R M i AR 0.25—
0. Shm* , & M [E]fF 3 4 10a,

F 1 FHER
Table 1 General information of study sites
FEH G BERE/ (m*/hm?) R IEEN
Plot ID Gross volume Trees composition
P1 194.50 240240 1AL 1K 1A LT
P2 199.66 3T LR LA LK 1A 1 2%
P3 184.82 4202 AR 1K 1 a1 2
P4 346.69 SLL M LA TFE LK LR
P5 375.49 6L 24 L fir 1
ZL LIRS BB BT, K AR < 2 R A ARS8 B BIRARK , 2 G AARS

2.2 FRMRAK I

FERRO K AR T AR B RGO T35 ST R B A AR K SR [ ARSE T LIPS E
0% S L P AR TINS5 B LT AR AR, 7 T R B ) 2E K S AR AL AR RIS
XA TTIRIMO R AR AR  [R)Ja F1 F LL Pa 3 X e, HLFE 00 % G2 [m] Ay e DA PR ARbR DRI AR SR
30 5 7 ST () R AR K TR AR R AR 0 BB S R AT AR
221 FROARAK T

ARSCR AL GE R U i G MR A K T MR BRI 43 3 SRR AL BHi (20 B2 &
12) (TR AR Rl (R KA S8 AR ) R 5 22K (R 5 HA R AR o TR RRAERK DY
T, SR FH T 5 S ST 2T B R A R R

Vi = 0.1 = 0.0094¢ + 0.000255¢> ~ 0.00000036¢° (1)
Vst = 0.27 = 0.0127¢ + 0.000195¢* — 0.00000028+’ (2)
Vi = 0.02 = 0.002¢ + 0.000068:> — 0.00000015:’ (3)

K, Vo WL A2 B ) 5 V g FARBE IK D S8R ML (m®) 5 V o AR S HAD
PRI (m®) 5 ¢ IREARAERS (a) .
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TETAE A TG B ARSI AR AR R B, it Rt MR RS 2RI 2 43 51 % AR A ST
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ESEAR/AN S ISV NEEPS S Gl
11826 - 42611g(1)
11826 — 42611g(1t,)
15554 — 6588lg(t
it = 15554 — 65881:((t0>) (5)
13626 — 53841g(t)
&% T 13626 - 5384lg(1,) (6)
K, H oy WL A2 B BB, H oy AR KD SRR AR R4, H o WK 5 H
TR B Rl R B R B, ¢ R RARIG A TAEMOR AR (a) | 1o M RAREIMRAAERS (a) .
223  FRMRAERKBIRIA RS
R T BIE AR A AR (A B, P ZE DX 10 B [ @ BE R (TR 0.25—0.5hm?, A= K B FE 4 10a)
& TR Y TROIE RN SE PR (B A T HC X ¢ A58, >R I SPSS 19.0 #4758+ 47
2.3 CRARELELS 7 RIT M
AR T BHARRD SRAGRE RAGEIN 3 AR, IR T 24 MeE R, Hb SRERE (B
T 20518 20% 30% 40% ; AR 15351 4 10,20 .30 ,40a; H ARF T 43 Ry A8 SR 210 F AT LUK AR 214 15 v 175
B, PRAST A i/ N A 40em , T RAR [ AR R R AR K D AR | 58 AR
FIFHAS BRI R A B R DT AR, 0N A ST ARLE R AR A4 B 208 55 08 B R B T B A R R AR
B E FORMM L, ARIEIR R FRAISIARMEL, 3 Gt RAIA KR , Mo BB B 5 R EE B, 4
RO BB B 5 ) R B BUR AR — 1 RARJRIH P S RB WK & B SR AR AT KT, WA A2 2 R RS TG J AR AR 5 mT
RS R ZER

3 ZBREHS

(4)

3.1 AR R ARG 56

23R, 10 /[ E RE 3 R T 5 S PR X ¢ AR IR Y ¢« [ 0.229,1<1005(9) = 2.262;P {H N
0.824,P>0.05, ML F S5 EERIC 0 257 A KEERUZEA R0,
3.2 ZETTRBAGE R
321 TR ARARELR

(D) BERE

15 20% R AGREE T ,P1 P2 P3 BEHFELTE 20a N8 2R E BIRARAT K-, P4 P5 EE BT 30a 582K
525 7E 30% RASREE N, P2 P3 RE U 30a WABSE MK E BRARAETKT, P4 M EBUE 40a WK ,P1 5 P5
A SRAR B AN BB TG 2 SR AREL SR 5 T A Ml 1 T SR 5 VAR JC I A2 409 98 B RARI R (2 2)
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Table 2 Simulating results of prohibiting harvest Korean pine

o 20c% R AKAR & 30% R AR IR 40% R AR5 i
FEHL R ‘VREN@ 20% harvesting intensity 30% harvesting intensity 40% harvesting intensity

Plp OO Tpaey WRERY RER MERY URERV WRER  LER UREE  IRER
(m*/hm?) (m/hm?) WHI/%  (m*/hm?) (m/hm?)  WEBl/% (w®/hm?)  (m’/hm?) LBl %

0 194.50 40.58 20.86 — — - - - -

10 185.85 16.60 8.93 — — — — — —

Pl 20 207.85 25.72 12.37 — — — - — —

30 230.24 34.59 15.02 — — — - — —

40 252.72 66.06 26.14 - — — - — —

0 199.66 36.02 18.04 199.66 36.02 18.04 - - —

10 183.72 22.16 12.06 160.39 6.01 3.75 - — —
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P 20c% K AR 30% R AR R E 40% R Ao 7
HE s G = V)?&.Hﬂ‘lﬂ 20% harvesting intensity 30% harvesting intensity 40% harvesting intensity
Plp OO TR T RERY TRER GERY URERV TRER  LER UREE  RER
(m*/hm?) (m*/hm?) WHI/%  (m¥/hm?) (m®/hm?)  EB/%  (w’/hm?)  (m?/hm?) LA/ %
P2 20 215.09 29.83 13.87 190.07 11.98 6.30 - - -
30 248.60 37.36 15.03 221.8 17.74 8.00 - - -
40 282.52 44.03 15.58 253.87 22.55 8.88 - - -
0 184.82 39.78 21.52 184.82 39.78 21.52 - - -
10 167.57 15.35 9.16 149.04 3.79 2.54 - - -
P3 20 188.99 22.55 11.93 169.21 9.74 5.76 - - -
30 211.13 32.29 15.29 190.01 18.15 9.55 - - -
40 234.66 43.99 18.75 211.29 27.58 13.05 - - -
0 346.69 114.25 32.95 346.69 114.25 32.95 - - -
10 313.19 56.87 18.16 272.25 17.06 6.27 - - -
P4 20 342.73 68.52 19.99 298.01 24.93 8.37 - - -
30 373.01 79.30 21.26 324.23 31.65 9.76 - - -
40 403.04 94.3 23.40 349.92 423 12.09 - - -
0 375.49 86.83 23.12 - - - - - -
10 332.41 16.04 4.83 - - - - - -
P5 20 360.19 17.41 4.83 - - - - - -
30 387.93 23.4 6.03 - - - - - -
40 414.31 24.99 6.03 — — — — — —

— RO AR B BUE AR R RAGESR s nURE U] = nRE / BER X 100% 5 S E T Gross volume; 7] SR E L Available volume; PR

E B Percentage of available volume

(2) A REBE

15 20% RAKIRET ,P1 P2 | P3 AR E 43 HITE 40 .30 40a N 58 2K BIRAAHT K-, P4 P5 AR EH
FF 40a WICIETE 2R ;30% R ARGRFE T, P2 P3 P4 B n] RARE AR TC L AE 40a KR 21 R ARHT K (%
2),
322 FERCRRA

(D) BERE

T 20% RAKEE T ,P1. P2 P3 P4 B& BURTE 20a P58 2k B BIMRRT K, PS B E FUZE 30a N 5E £k
52 ;30% RARBEE T, P1 P2 P3 P4 & FURTE 30a P58 &K E FIRRT KT, PS M E BUE 40a N 5E 2K E
40% FARIREE T ,P1 P2 BEFHITE 40 45 30a WoE 2R BIMEHT/K -, P3 P4 P5 Al R & BN JCHEETE 40a
WERWE (%K 3),

F3 AHURKANNEESF REMER

Table 3 Simulating results of permitting to harvest Korean pine

o 20c%0 R AR 309 R AR 40% R AR L
e g2 ‘VJ(EH#_IEJ 20% harvesting intensity 30% harvesting intensity 40% harvesting intensity

Plp SOV gy wRERY URER BERY URERY WREE  LER UREE  IRER
(m*/hm?)  (m*/hm?)  H6/%  (m®/hm?) (m®/hm?)  EB/% (m’/hm?)  (m®/hm?) i/ %

0 194.50 88.95 45.73 194.50 88.95 45.73 194.50 88.95 45.73

10 182.75 56.86 31.11 161.78 35.89 22.18 140.28 14.38 10.25

P1 20 205.76 72.28 35.13 183.17 49.69 27.13 158.8 25.32 15.94

30 228.58 85.79 37.53 204.37 61.58 30.13 177.86 35.07 19.72

40 252.51 121.91 48.28 226.7 96.09 42.39 197.17 66.57 33.76

0 199.66 117.00 58.60 199.66 117.00 58.60 199.66 117.00 58.60

10 188.22 89.86 47.74 166.86 68.50 41.05 145.74 47.38 32.51

P2 20 223.58 113.89 50.94 198.62 90.93 45.78 178.35 68.66 38.50

30 261.79 138.84 53.03 237.19 114.24 48.16 213.80 90.85 42.49

40 300.96 163.1 54.19 274.69 136.82 49.81 250.21 112.34 44.90
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P 20c% K AR 30% R AR R E 40% R Ao 7
HE s G = V)?&.Hﬂ‘lﬂ 20% harvesting intensity 30% harvesting intensity 40% harvesting intensity
Plp OO TR T RERY TRER GERY URERV TRER  LER UREE  RER
(m*/hm?) (m*/hm?) WHI/%  (m¥/hm?) (m®/hm?)  EB/%  (w’/hm?)  (m?/hm?) LA/ %
0 184.82 108.38 58.64 184.82 108.38 58.64 184.82 108.38 58.64
10 168.69 90.38 53.58 147.17 68.86 46.79 125.09 46.79 37.41
P3 20 190.87 108.85 57.03 167.41 85.39 51.01 143.13 61.12 42.70
30 214.86 129.89 60.45 189.45 104.48 55.15 162.14 77.17 47.59
40 239.80 154.27 64.33 212.44 126.91 59.74 182.82 97.29 53.22
0 346.69 270.55 78.04 346.69 270.55 78.04 346.69 270.55 78.04
10 326.22 242.72 74.40 282.55 199.04 70.44 243.58 160.07 65.72
P4 20 360.46 275.15 76.33 314.71 229.4 72.89 272.70 187.38 68.71
30 396.07 309.42 78.12 348.36 261.71 75.13 303.24 216.58 71.42
40 432.09 344.7 79.78 382.52 295.13 77.15 334.23 246.84 73.85
0 375.49 326.96 87.08 375.49 326.96 87.08 375.49 326.96 87.08
10 335.15 281.52 84.00 288.18 234.56 81.39 245.15 191.52 78.12
P5 20 366.33 307.12 83.84 317.79 258.58 81.37 272.74 213.53 78.29
30 397.68 340.65 85.66 347.77 290.74 83.60 300.90 243.86 81.04
40 427.87 377.05 88.12 376.81 327.99 87.04 328.30 277.48 84.52
(2)AREHE

TE 20% RAKIRE TR Pl Al REFETE 40a N 58 2K & B R ARTT K, P2 \PS 7] R E FHAE 30a N 5E 2K
& ,P3 P4 1 REFUE 20a W EWKE ;30% RARIREE T, Ir A FEh v] R & FUARE 40a 58 20K &2 B R AR K
W3 40% RAKGRSE T, i A FEHL O] R & FRES TCILAE 40a WERWKE (K 3)

4 itig

4.1 LB

XFTLIAS (AR LBl T 40% WY AE AR (P4 PS) | ISR AR 1 SRAR LA, B 2 7E fe IR 1Y 20% R AR5 FE
T, 208 40a (RE., PR IEAT AR E BURAR K (K 2) . R T SEBUARARGE IR 4 AT R 22 R X S6 K
A3 A LT B AT LSRR EIR R, AT LSRR LAY, 20% RAR IR B 30a 15 30% AR08 B 40a JE 5%
PN 2, FRRETE E M BB S TR EBMSE 2K E M ER (£ 3) . TSR R A A TR AL AL
iR RRE S IR KSR SRR A AR R T, T R TR R B TR B AR O LA (B L
BB 40% WK AR, AT DISRARZIAS SRARSREE A 20% AR 30a (175 S8 048,

KHLLRN (B LLBIME T 40% IR AEM (P1 P2 P3)  7E ARVFRARLLHNS 30% R AR JE 40a I 5,
BT R E UG AR E BUERRE T & (36 3) s WS AR I RAR LI, MITE 20% RAK SR, 40a JEI 1 )7 %6
MR E R S RAGE TR C 2R (R 2) . MBS R R, 1T LUR LA 1Y 7 SR REfS A 7
AR AR XA IR AR T S BRI A EMR S i A 57 Bl 2D R IR, PR T 78 LD Rl IR AR
PR 5 3] B Wl 2T A PR B B2 5 2102 DA SR R T 114 7 2 7 A1) T 33K 48 Y A K 1) T B ol P 2 0 v it
B A, % X R A R LA B B R T 35 400m/hm* 2 A P1 P2 P3 A E R I/ T — S,
Vb BH 3 AR 338 AR B R IR MK T o FRACRARER JEE | 4iE K SR A3 ) 10 B A 1) 3K 6 Y A AR AR 9% 1 P B2
JIF LA XTELAS (R LUBIIR T 40% AR A bR, 25 1 RARZLAS 20% R ARG 40a KA 7 RIS G
4.2 FRE K O R AR 1 5

FARTT GEBAULE R R FE R B B 8 K 200, MRy ] R & R LR S A% TR AR A 250 (3R 2, 3R
3), XM, RIEEM B E T 58 W R BR AR KOE Mo i R E LRt ek e ek

BRI R R AR T AER R AW A R, S80S 25T, B TR A6 A R T 20 s &
ANREA R PR H AR N BB S R A W RN Y R AR N gl R G B TR
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PRI, RIEEAR B8 BRI R BIRARRTKF, R AR R A B A RE e K, DUE & BRI
NHISEFEAF , Hil R RARSA ], 2 B RART OBOR D NI, O T SEBURRARBE PR A n] 52 R, 75 2L ]
SRR E RIS g B 25 Bl R A4

AT T — PSRRI B2 . WUERBAU AR R E AR IWIROR | 7 2t — % B AR
SRR, 208 7 SRR SRR NS 2% . AL, FE AR AR EE O S0k B R R, S E B Ak 22
i AT R E B H E N R e LUS I A Rt — R

5 it

(1) ZE 1 SRARLIAN 2278 7 =, 08l T R RARFE IR A0, 385 0 T B3R A A R bR A 8 Pk 52 X B X
ZE TSR (FR) LB S R AR, SRR I g R 2 R

(2) FEI I ZTAA MR YR A BRI 268 7 8 5 B AR R A A3 o A B AS [] T DX 50 1) - A5 20AR B B T 40% , AT LA
SRARLIHRS 20% RAKBRIE 30a JEIA R L8 I R LM BBURT 40% , R RARLIA ,20% RAKGRE 40a 4]
LULOpsE T

(3) MHFEERARTT 2T, AR R E B IR E A ZE R F R E R KR W, T S ARG R 19 ] R4
FIR Rz AT RARE BRI W i e b , il RAR S 1A
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