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Structure Characteristics of Mixed Forest of Betula platyphylla and Pinus koraiensis
in Changbai Mountains

SUN Ming-gang, WANG Xin-jie "
(College of Forestry,Beijing Forestry University ,Beijing 100083 ,China)

Abstract ; Precise description and analysis of forest structure can provide a theoretical basis for the formula-
tion of forest management plans. The mixed forest of Berula platyphylla and Pinus koraiensis occurring
in the Changbai Mountains area was taken as the research object,the structure characteristics of the forest
stand were examined to provide a reference for forest structure adjustment and optimization. A 100 m <100
m standard plot of B. platyphylla and P. koraiensis mixed stand was established in Jingouling Forest
Farm,and the diameter structures of the entire stand,as well as B. platyphylla and P. koraiensis in the
sample plot were fitted with negative exponential function and three-parameter Weibull function. The spa-
tial structure characteristics were described by using four structural parameters: mingling degree, uniform
angle index,neighborhood comparison and crowding degree. 1) There were many tree species in the stand,
most of which were in 6 to 12 ¢cm diameter class,and there were few large-diameter timber trees. 2) When
fitting the diameter, satisfactory results were achieved when Weibull function with three parameters was
used to fit the diameter of P. koraiensis and the overall stand,while the negative exponential function was
found to be suitable to fit the diameter of the B. platyphylla.3) In zero-variate distribution and the univa-
riate distribution, most trees in the mixed forests were in random distribution, moderate mixing degree,and

dense canopy. The number of trees was evenly distributed on each dominant level. From the perspective of
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the multivariate distribution of the stand structure,no matter how the parameters were combined,each tree

species in the mixed forest showed a pattern of densely distributed tree crowns or random distribution of

forest trees under different structural combinations. The multivariate distribution can intuitively describe

the frequency distribution of multiple structural parameter combinations of various tree species, which can

provide important reference information for sustainable forest management and scientific management.

Key words:stand structure; tree species composition; diameter structure; quadrivariate distribution

RRPREE A JE MR AN A Z 18] 23 47 4 Jm LA B 1
(3% 40 A S AR AR K DL R AR A 2 e i o
A IR B A T A AR A A B R A AR
R RMAE S R G YA Z R R YR DL
YR IS R S RS R R R E
FIOEHT IR T AR A S RS R

O3 M AR MRS K AT B T AT R MR B I S BRUIR
AR AR A 25 R G 0 R R T TRl A — S T AR
Xt 24 i AR AR GE FA 14 5 B3 A7 R B A ) TR K 4R
ARARI R 25 T RE L D RR AR 258 45 it 1 i 72 4 L oA
(05 B o MR 45 R A Sy AR MR i S A B 0T, )
o3 =S (A S5 R AR 23 (B 454 o ARa3 (9 A 25 [8] 45 44 d
WAL R 2L ) 2 R L ELAR O A AR S
AL TR B 23 )R 1A A3 AT L SR R Y A R
JE R SR BE VRN EL s B R A G S 41 A bR B AROR
ARG K23 A M S A Ao 2 1] B o R RO A 1A
SRS RN A B e s R AR L . AR R BT
L bR S B S5 AR ) — DT o3 A B 2 A8 R B O bR
3 AT 55 TR 1 1 R AIE 5T 5 bR 43 1 LAt s
PEGESTIR RS TSR E P 5 AE AR
JUEH A X S8 Bk [ 2 ) IF B LA — 0854 L = o0& i
KA R ARy 0 25 R AE T 25 S R0 o4y A
FFAEAT 2 Fh 2K 5 BRI 2 A [ 75 T A %)
(RN EAR (L S (1 < /3 o R0 3 T Pl S
TR A RUBE IR SEE  RUIN LG 3 AN S AT
A AR 3 A2 B0 AR 50 R 320k B
F B TR R A S B RK T — S SR
v (IR % TR T A = R i o (FN v o Y ]
R L WA T X2 AR S ER . 70T,
SICERREIZ A2 R K B B A SR 43 (] 45 4
4 TR AR 7N Bl L B3 1A AR R BRSSP 1) b 45 A
(FE Y- N ITE LV TR 73 D) | % Q=R VNI DIET K
7 R AR BRI ) 25 A8 R AL L S bR 23 25 ) K T 3
R SRR S il

AHIF TR BR300 = 2 ) 45 #4450 A% Fof 2 B0
A o3 A HEAT I3 BT R N SR FH 23 8] S5 4 1 % 0 L —Jn
22 JL3 A R 45 10 U PR 3y 1 RE LA R S PR 25 [ 235 4
HEFT 23 BT D2 3t DX 2R bR A PR 2 445 4 98 o L % oK
MR R I —E It S %

1 R RHBEI

R N7 VAR R NS < N i = A T I R | i
130°10"E.43°22'N BE B 59 km, B K F IR EF
U4 LI 5 04 Sk, DU TR B L . A DX T g AU A
AR 3. 9C 1 A AR F AR AR
—32°C 7 AR A O 22°C 5 AR KRR 600 ~
700 mm, HZEHTE 7 A BN 9 H e Iri6h , i
RO EBAE 5 R ERNY 120 do AFFEIXA £ 2
T ARB T R EHME (Betula platyphylla) 8 (Pi-
nus koraiensis) . 2% (Tilia amurensis) . 7K i #
(Frazinus mandshurica) R ¥ (Abies nephrole-
pis) WHE (Betula costata) 5 (F£ 1), HEAFER
W F B (Filipendula palmata) T % 2 3B (Carex
pilosa)  JEWSE (Thalictrum aquilegiifolium var.

stbiricum)
2 HFRTE

2.1 HiiEE

2020 4F 7 H 20 HTE & W AR E 100 m X
100 m Y I HE LT AN TR 58 BRI 5 A b, 7 2575 3k 668
m, ZRACYE 1], SE B Ry 50, AR B9 AR E R 0. 8,
PR 6 FAME T 200N 1 ¥ A2+ 1 IUHE+ 1L +
TR VR IS — 28R (32 1), LARE ML PN 75 15 47 K I
S FH B RO AR 53 ) B3 R BE R AR AR Ly AT IE 5%
X AEHL N T AT 42 =5 cm MUK BEFT 40 5%, BERR B
IR VG FI R AL Ty 1) B e i S B ELAE S P 2 L A
ZAEH YR E 5 m B G oP IX 7R SR of X AR B AR R
YERARIE A AT A FAR S S50 7222 v IX P B AR
KRB A TR S
2.2 FEEHSH
2.2.1 HE#ZEH»H RHAMBESGH =S5
Weibull 7315 % % A& bR 53 | 1 #E DL K 2048 3R 4T B4R
A

IS f(2)=ae ™ (D
=8 Weibull 434 .
JO,x<a 1
Fary=250c—1 L (2)

: |
x=a,b>0,c>0




20 P LA BE 2 R 36 &
AP RN AR B AR 5 f (o) R R 4% 44 B ik B Weibull sRECH o N l/NMEBT, ABFFTHC 4 cm,
Bage, s abc WERINSE. =2 b.c 5P ERAE MG B RA .

x1 EMBAEET

Table 1 Survey factors of sample plot
A R/ % W T AR LB/ % T M/ em FER R/ m /e hm D)
ijrzljgsyrmga reticulata var, 0. 59 0. 82 6 - -
HHB 4.10 3. 46 9. 46 8.47 71
P 5. 10 4.61 8.59 10. 2 119
AN /N 12.10 14. 35 8.68 7.48 404
R 6.69 6.10 12. 04 10. 87 92
FA 2. 06 3.02 7.22 8.25 138
1 HE 55.23 54. 39 13. 89 12.8 665
W45 (Populus davidiana) 4. 84 4. 66 13.48 12. 36 56
WBk (Amygdalus davidiana) 4,18 4.18 10.1 9.27 99
MM (Larixz gmelinii) 3.41 2.10 16.15 13.29 22
HHEBE (Acer tegmentosum) 0.01 0.02 7.08 7.66 6
A (Acer mono) 0.05 0.05 9.18 9.36 33
2 (Picea asperata) 0.55 0. 65 8. 86 7.05 19
K& (Populus ussuriensis) 0.96 0. 94 13.17 12. 74 12
11T F (Malus baccata) 0.04 0.53 11.11 10. 62 10
Hi# (Ulmus pumila) 0. 04 0.06 8.5 10. 25 2
JK i A4 0.04 0.07 7.33 7.86 3
Bt 1 1 1 805
Xof 45 S A5 R B 40 O R R 25 (Bias) L3 BERREE 3 W R 4 D MAT S50 S8 CR/N TG TR 2

TR IR ZE (RMSE) | 18 % 5 i) B € REBOCRIEMY . A
KN AE .

i (y,—y)
Bias=———— (3)
n
RMSE= (4)
(=D G, — )
adj—R*=1— - (5)

(n—r)l§(§,—y,)z

Kfor HSEAE 0 HFEARRCE .y, AR 52
TE v, vy 53 3 27 M A2 1 T90 0 0 SF 24 4
2.3 MHZTHEMSH

MR B BT R N A& E T
HOE R TR OOF AR K 52 B R AR bR 4
P 1) 2878 G R RE 8 O AR AR Y A R it R
S OEZT= € Ny SR (SO & el 2R B A
Yrisf o 4 Bhzs 6] 4509 S 80 QR S BE M ROBE LRV L
AR ) Al LUAE O O AR O 2208 ROR WA SR
PRV, RBEIE R T 1 KRS R A8 Y 4 dk xR
AR R — A28 B BT R R S5 2 8. e
TET 1 38 11 HE LT AN TR 32 AR BRI AR SE 5 R/ oA 7R
JE AR 3 8] B B A R L ROR K S 0 A1 4% Ry B O

’E‘
=

JIE AR AT B A [R) 2 A 40 A TR i B AR
f14 2 101 285 4 155 O
2.3.1 RARE  MRENY RAEMAAEKE T E
F14 437 K% R o B/ T s o £ A B R B0 o 30 A 46
K], FERR I R 8 e B 4 I FRMEA
=72 AFE LN

W **20(

SR 2 ANEBRZEIAR a2 «a<<72°
o, =1, %M o, =0 , W,=0.,0.25.0.5,0.75,
143 AR 1 5 Sk - ARy B 0 A 4 Ry AR 244
Gy A B Gy A BEAL A A RIS Gy A AR 5] 4%
fii .

2.3.2 WIE RKEMHRERSEAL SR
AR [] B 3, s Wb 19 B o R B L 1037 1
e

(6)

M=%y,

MBHAR  FABIEA j 2 FFR ARV, =0,
HMV, =1, M, =0.,0.25.0.5,0. 75,1 B4 51
P MRS TERE 55 B BE o EE R R TR AL
2.3.3 Kb K/NHBC RORAE 0 BRIEAR AR
rh, SRR A PR (R R T 2 BROR A B0ty 4 A 4B
ARAB LR A 0R

P



%5 M NN I S TR N R SR CEAW A vl S A 11 A i 21
(J.=:J;§if( (8) (adj—R*)XF 2 AR ARG JE AT PR (36 2) . ]

omg=r Y I AN TR 28 bR £0 A AT HE /Y £ pR B50AEE 7 Y
HZBMALBEARN K, =0, 5N,K,; =1, Bias 1 RMSE #B It = & 8 Weibull 43 % 19/, %

U=0.0.25.0.5.0. 75,1 B 53 Jjll 7= 2 BRI 34
b NI 27 7 7 NN D N2 7 NP O A7 N
2.3.4 HHEAE CEEEDT RN Z K RS
KB H R ATHEARX N,
a:%§M (9

MEBIE A S AR A HESN .y, =1,
ANy, =0, B A BE Y IR B T AROR Z [ Y 5 4
57,2 C,=0.0.25.,0.5.0. 75,1 B4 5 R 4B #
N NG A R SN e ok S |
2.4 HELEBESWH

FIH] Excel2013 X % 4i i 17 90 25 4k 2, 5k M
R3. 6. 3 XF MR AT #6 9 F T 40 A . — 040 A L I8 4y
i L = ICAA LL R D TE 40 A 1 4 A SR T 5t I
THE A A v 4 A 2500 S 80 A B AROK 43 A5 i
K, FIH origin2019 #4744 K,

3 HERHHM

3.1 EHELI AR 3 PR Fh B R A AE

1 hm® 1A 21 A TR A8 MRORE il 1) A 1 0 I 3%
L s 17 ARl MRS 1 BB Bl 1 805 AR
o« hm 7, Horf P AR LT B 0 9 B 4 R 665 B
hm ? 404 # « hm °, FIFER & B AT AR 43 5]
o7 B TR E B RN B T ALY 55. 23 Y0 Ml 54,39 %, 11
TF M KR E BN . MR R Y R A2
BN BRTE AN AN B AR <15 em, FIHERY O
SR =T DG B AN /A NI 1 - 5 =
3.2 HEREHDHIE

KA 2 em BYAR B L XA b G 200 AN L HE DL B 4
TR FR AR B A AR L. NI 1 rponf DU L 20
HIAE B S A FE 4~36 cm . 7E 6 cm 2B AT 8 em 42 B
AL Ay A BT AR ARRBORY 37, 1394 Al
30.20% .1 12 em 2 2 J5 $m 2Rl s (e
BB A AE A~28 cm, 6~ 12 cm 42 ¥ i [l 09 5 &
Fb 2T A8 RV PR K 43 A B8 /DL 14~ 20 em 12 B A 5L
WL R MR  5 22 . 20 em 2B 2 J5 B &
TR U /)N 5 BEAA MR 43 1 428 B 91 1R 43 A #E 4~ 36 cms K
A AHE 6.8.10 cm 2,12 em B2 By Z )5 B
SURIE D

AR IF 5K B ARBR A3 L1 R LA B R ) B AR 43 A
KHT Weibull 43740 G 8 BRI B A v a b e
3R 2 BRS843R 48 b e 22
(Bias) . ¥ 77 #1% 25 (RMSE) ., i % J5 19 th 58 & 5L

FIFE Sh, BRI 25 1k DL R B 5 1 RY, = S 4
Weibull 73 He 97 45 OB R 24U 45 1O 4

0.40 r
0.35 t
030 }

5 -

w 02

= 020 f

015 |

=
0.10 }
0.05
0.00 f
-0.05

0

é 1‘() 1I5 2I0 2I5 3I0 3I5 4IO
#Hr/em
Bl HHYTERMEZHH
Fig. 1 Diameter distribution of the main tree species
in forest stand
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Fig.5 Quadrivariate distribution
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