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Study on diameter structure distribution of coniferous and broad-leaved
mixed forests based on finite mixed Weibull model

GUO Hong, HE Xiao

(Research Institute of Forest Resource Information Techniques, CAF, Beijing 100091, China)

Abstract: [Objective] A diameter distribution model was constructed to fit the diameter class structure of a mixed forest of spruce and
fir trees. [ Method] Taking a 1 hm” coniferous and broad-leaved mixed plots in the Jingouling forest farm of Jilin region as the research
object, a finite mixed Weibull model was used for fitting the diameter distribution of each plots, and the fitting results were compared
with the Gamma model and Weibull model. The results indicated that for most of the mixed forests of spruce and fir in the region,
they belong to a unimodal distribution, and from the perspective of shape parameters, they belong to a positively skewed mountainous
distribution. [Result] The RMSE (root mean square error) and MAE (mean absolute error) of the finite mixed Weibull model are
significantly smaller than those of the Weibull model and Gamma model, indicating a clear advantage; The RMSE error of the finite
mixed Weibull distribution decreased by 29.38% and 31.73% respectively compared to the Weibull distribution and Gamma distribution,
and the MAE decreased by 28.27% and 36.23% respectively. Regardless of unimodal or multimodal distribution, the finite mixed
Weibull model is superior to the Weibull model.From the composition of tree species in various plots, the advantage of the limited mixed
Weibull model is greater in plots with a higher proportion of coniferous trees. [ Conclusion] It indicates that more finite mixed Weibull
models can be used to replace the Weibull model when fitting the diameter distribution of spruce and fir mixed forests.
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t2%; 3 MEMEREEARY, UKo HE
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HAED AW Es: S T aUnT LU T4 Weibull
BREAUA M B AN B AN R 2 AT AR A
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(1) LIRS 5 15 FH BR 52 TR A Weibull A5 5 5t Ak A B
By A AN AT R . Liu 2550 514 P B o2 Y A A
TN = 2 4 Weibull 15 84 )& K AR TR MR B 42
oA, B REN, ReRGEAER S
MRA> ELARASFI 28 75 T 2 AT B 2% . Zhang
2 U015 B PR B TR A R AL fE LA A e S TR
TER B A 7 T A T A AR A . 25925 1Y )
A P 3 AN ER S M RAR MIER. =S
Weibull. [E5E TR & Weibull #7835 I S3-& 5 i VR
THETER T, 2R RWIRE RS Weibull 15
RUTES G S U 1 458 4 A7 B OR300 o (H BAT
FIREFE R, RE R /NZ R 0.06 ~ 0.2 hm® fI/M R
FERETT, SR &% 25 7 5 2% 1 R SRt R VR A8 vk AR
BARG, /AT g A DL A T e B 45 1
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AW 5K FH Weibull 23 fii . BR € 1 A Weibull
B Gamma 7304, 20 M7 T 35 MR T AR JR 4
VAR 12 B 100 mX 100 m A AE b T o I8 42 Ak

BLAR AT A, B AEXS EE b 3 RO AR &
Bt TR A MR AR AT R RO ROCR, BIF TR R 1 R
FERH RS ELAR /3 A B 5 0.06 ~ 0.2 hm? R
REER oA R 22 57, BAR 7 A LR BF 7E
S R E S H L.

1 AREE

1.1 AREXER

W FeHh AL T 5 RS B &I
(43°17" ~ 43°25'N, 130°05' ~ 130°20'E) , &
AL 16 286 hm®. Ak 37 MK 1l EE BE ML 50, g
# 550 ~ 1100 m, I 10° ~ 25°, /b BEdTE
35° UL Bo X BT RS R, FFEHRIE 4 C
KA, FERE2144 C, K1 ATPHARIER
i, f£-32 Cliti, 7 H V¥ lHReE, £32C
FiAio EFEIKE 600 ~ 700 mm, ZHEFET H.
HREMNIAIM, BEEEFFES H, EKY
120 do A X 3 DANG KR I8E N . % X ST Hh 2%
PREcty, MMM EEZ, TEFARMMA AL
Abiesn ephrolepis. . 1% = f2 Picea jezoensis. %1.
¥ Pinus koraiensis. %1 JY% =12 Picea koraiensi. K
H V) Populus ussuriensis. & W Tilia amurensis .
R Acer mono. ¥ Wt Ulmus pumila. FHE Betula
platyphylla. 7K i#) Fraxinus mandshurica~ SRR
WA . WM Betula costata 25 M,

1.2 HHHE
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DWRR 7, AR E. BR. o f AL
W&o 12 BUFEHL MR R TR AR Gt 45 R L3R 1.
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14.40 cm, 12 RFEHINZFIEZ R AR W
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Fifl, B EIEAL, WEARTE/E I, AN IERAS;
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Table 1 Basic characteristic of plots
T e A v B
Plots No. ~ ik Ll i verag & Species composition
Mean value SD Skewness  Kurtosis height/m  crown /m
YLK-1 939 14.40 9.40 0.80 0.06 13.90 1.96 52 HAFAMB 26 =442 22 B
YLK-2 1226 12.56 9.51 1.09 0.83 13.07 1.98 48 oAt FEI R 28 A AZ 24 TEI
YLK-3 1236 13.20 9.69 1.66 8.42 12.63 1.50 46 HABFF B 29 ¥AZK 25 ZAHS
YLK-4 1167 13.74 8.36 0.82 0.40 13.62 1.57 50 HAthfE I 36 A% 14 BAEZ
YLK-5 1330 13.32 8.10 1.05 1.39 14.41 1.98 61 FLABRE A 17 842 22 VAU A
YLK-6 1429 12.72 8.96 1.19 1.85 11.92 2.03 58 FAMEA MR 21 =442 21 B
YLK-7 1539 12.39 9.22 0.90 0.30 12.12 1.92 58 AR R 30 42 12 T
YLK-8 1310 12.32 9.55 1.12 1.04 11.40 1.98 59 HABRE A 25 =12 16 JEIT A
YLK-9 1436 12.25 9.91 0.91 0.87 11.48 1.33 49 FCAbFE AR 22 BBA 23 VA2 6 VI A
YLK-10 1195 14.30 8.74 0.69 0.37 13.66 2.16 58 HAb I 23 =442 19 JEIT A
YLK-11 1302 13.70 8.58 0.65 0.29 13.61 1.50 51 HADREG R 30 442 19 B
YLK-12 1438 14.00 7.32 0.76 1.50 15.10 1.43 45 HAh R 44 AAZ 11 TEHFA
PRIACHIA, TEATRHEIR WOk (91, BIE, W& BEHLAE x RIRNSE g Ay (b>0, P>0)
A1 RSN 2R 5 B R A RN (1) Gamma 73 i, " LAEE N x- (B, p) « By
.ﬂﬂ=§f £(x) € Gamma 73 A T2IR, BRIL y FONTEARZ L,
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=pfi(0)+ P, () +.+ p [ (x)

X PR i e BT G EL AR R R
WA R LTS5 A 0 < P, < 1 Fll Pi+Pyte--P=1.
Hrb i), o), fu(x) 72 B A FIE ] GEAN A
T7 72 IR 22 %55 P pR 4

AT, BB E x CEPRREAR)
A RIS 0 A b 7 B R T RS WS
Weibull B%L, 2 T 2145

Y AYARYS! Xy
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£>0, y>0
Ao x A HIMRAIZ. g Fy 73772 Weibull
I AR R EEFITEAR S 4

P 2H 73 Weibull B8 Al v 77 75 K H B K ALAR
%o X B HE WA R A Weibull 73047, FrLARE
B o3 A BIRE 2R B R EON -

f(x,0)=pf(x,6)+1-p)f(x,6,)

i=1~2, Ho<P<1 (3)
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HRE D

3FINEBERE S AIMA SR 2 s, H
H Weibull 015 2 540 AR E S B FIE
WSHy, MR EG DA SE P, Weibull 57
R ESHE L NT63 ~ 1134, RS Ky N
2.50 ~ 4.33; Gamma 73 i A 2 NS, A5

3

SR P AR Sy, Gamma 43 i 1) LL 451 2 %5 B,
N 9.57~273, IRSHy N 1.9~ 16.26; [RE
TR A Weibull 43 4 /& P9 41 50 Y6 & 40 A, BT By
Yis Pon 1 AKRILIR G M H P, AP, 55 6
NS HA R B IR A Weibull 441 1 R 2 5
BN 5.83 ~9.72, JEARZ %Ly, N 3.50 ~ 21.45,
B, N 9.95 ~ 2541, JEIRSEL y, N 293 ~ 1091,
2 2 Al50, 7 YLK-6 FEHB IR S 40h 4.33,
KT 3.6, BTEMESMM: HMFEHIERSECN
1 ~3.6, BT IEMLCR . WE T ERTELE H,
T FZRE A8 K o B b 8 T L& 4 A, YLK-7
A YLK-9 J& T 20§50 4. Xt T HIg 5 4i, Weibull
A PR 2 Weibull 43 A #1 Gamma % 4 1 il &
i 28 22 BN, R 206504 YLK-2. YLK-7 fl
YLK-9 i, BRE Weibull 4347 GE 5 i M40, & H XY
g 43 A1 1) H 28

®2 3IMEEERSHUESEE

Table 2 Diameter distribution fitting parameters of three methods

feig B¥ FEHLS Plots No.
Model Parameter vyg_| YLK-2 YLK-3 YLK-4 YLK-5 YLK-6 YLK-7 YLK-8 YLK-9 YLK-10 YLK-11 YLK-12
P, 083 043 061 097 084 08 079 064 027 016 0.39 0.84
" 421 458 461 350 615 736 7797 714 1089 2145  8.17 4.97
[RE A
Weibull 471 B 932 860 807 972 769 711 686 672 674 583 7.06 797
Mixture P, 017 057 039 003 016 014 021 036 073 084 0.61 0.16
Weibull model
” 537 352 301 1091 3.64 448 352 388 371 3.55 2.93 2.97
b 1710 13.16 13.84 2541 1143 995 1043 1097 1178 1131 1239 1246
Weibull #57) y 275 298 250 251 353 433 337 305 313 3.10 2.56 3.00
Weibull model B 1093 1134 1053 1039 845 7.63 782 852 1063 1059 1054 879
Gamma f 7 y 800 833 699 880 1688 2594 1797 1107 946  8.80 6.60 1274
Gamma model B 082 082 075 095 220 369 253 145 099 093 0.71 1.61
¢ RIS ) BRI FR bR £ B PAE, g5 R WM Gamma 7> 17, HE 7 N PR & 18 & Weibull 7 17 <

T 3PN, t NKGKAE, PIERTREERENEN
A, SRR FT e EE A 2 R
df 7 HHEE, & HIBT R o A TR S5 P AR
KESH . HE 35, Weibull 774G RERAE
Weibull 73 1ii fl Gamma 73 A7 [¥] P {53538 KT 0.05,
Wi B S AR o A AN 3 R T IR LA I AR AR
HREWESR, 3MIEYT B & =4
MBI EAR S

MFE 3 A%, 4% RMSE 1 MAE ¥l K%,
Weibull 73 fii« PR & & A& Weibull 43 1 #1 Gamma
43 4 () RMSE 1 MAE, ~F #1843 %~ 16.91 Al
10.42. 11.94 F17.47. 17.50 #1 11.72, BR & &
& Weibull 73 4 (1) & 2 B 2 /]y T Weibull 43 477 #

Weibull 43 fii < Gamma 43 fii. FR %€ ¥ & Weibull
53 A B 2 Weibull 43 4 (] RMSE % 2 “F 3 Jli b 1
29.38%, MAE /> T 28.27%; IR & i A Weibull
53 A1 88 2. Gamma 77 A7 [Y] RMSE % 2 V- %) j /D> 1
31.73%, MAE Jik /> T 36.23%. Weibull 43 i [f]
RMSE i% Z /& [R %€ & & Weibull 43 1ii ff] RMSE i#
Z0 1.0 ~ 2.4 %, “F¥N 1.5 £, Gamma 7341 [
RMSE % 22 V-3 /2 B 5 T & Weibull 73475 1 1.6 fi%
CRERYFEHIRE, IREIRG Weibull 7040 1)
RMSE Fil MAE J1“F#B/NT Weibull 434 il Gamma
oy, AR T SR/ A B YLK-2. YLK-7 Al
ZUESY A YLK-9, X+ YLK-2, Weibull 4347 [¥)
RMSE % % /& [ 5& /& & Weibull 4 #i [\] RMSE i# 2
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Fig.1 Fitting results of three diameter distribution models
#+3 3 HRBRIREMBIE
Table 3 Error and test table in three models
FéHb Weibull 17 Weibull model PR E A Weibull B Mixed weibull model Gamma %! Gamma model
Plot No. ¢ df  Pvalue RMSE MAE ¢ df  Pvalue RMSE MAE t df Pvalue RMSE MAE
1 -0.29  43.71 0.77 1349  9.04 0.04 4586 097 12.31 8.29 0.77 097 0.90 12.66  7.88
2 0.13 4551 0.89 2147 13.25 -0.15 4462  0.88 9.04 5.38 0.89 0.88 094 2141 1438
3 -0.07 4793 094 2190 11.82 -0.54  44.88 0.59 2482 1225 094 0.59 0.72 2397 14.11
4 0.06 4397 096 1329 873 -0.34  41.76  0.73 8.57 5.54 096 0.73 0.65 1327  9.42
5 -0.41 4453  0.68 1337  8.56 0.15 48.80  0.88 9.06 5.78 0.68 0.88 0.79 10.15  7.30
6 0.12 4362 090 19.16  12.13 022 4459 0.82 1697 7175 090 0.82 095 23.67 14.58
7 0.05 4488 0.96 19.09  12.58 -0.23 4275 0.82 12.06  9.71 096 0.82 0.96 16.61 11.33
8 0.03 4587 098 2266 12.19 -0.25 4350  0.81 13.72 473 098 0.81 0.97 19.97 13.81
9 0.00  47.55 1.00 2159  7.58 -0.08 4593 0.93 6.82 5.88 1.00  0.93 094 2155 9.12
10 -0.31 4549  0.76 11.12  7.58 -0.49  44.18 0.63 9.33 5.88 0.76  0.63 091 1352 9.12
11 -0.29 4258  0.78 11.12 9.04 -0.09 4390 0.92 9.33 7.77 0.78 0.92 0.75 13.52  12.15
12 -0.52 38.56 0.61 14.69 12.55 -0.34 39.52 0.73 11.29 10.73 0.61 0.73 0.85 19.66 17.45
242 %, MWE1FEH YLK-2 B2 5 A h 2k fr, IXFH KT FAR R, Gamma 43 A 5@ & HL U6

7610 cm R ALH HE SIRE #i. X T 2 0§55
] YLK-9, Weibull Al Gamma 4} 4ii ff) RMSE i% %
PR E IR S Weibull 73 A R ZER 3.2 52 % .
Weibull 43 ffi Al Gamma 43 Afi ] 1% % ¥ 1k %
PR R K, YLK-5 FfHb A Gamma 43 #i (3% % /N T
Weibull 73 1, H Z PR, 75 8 R K YLK-5 £
HoJE T e, HAr AT, Gamma 43 A B

I3 Afe X T AT R, 40 YLK-1. YLK-
3. YLK-5, Gamma 7} 1fi i} RMSE & 7% J2 [ 7€ TR
4 Weibull 23R Z 1) 0.96 ~ 1.10, ZFAK.
MBI R R E (1), 12 Bk Hb b b
2 ol B R R I B BB AR 10 1, R R
b B R IR L, Weibull 43 4 A1 Gamma 43 17 [
RMSE % % #& [R 52 V& & Weibull 4340 [ 3% Z 1 1.3
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1.4 F5s B EEEOR I RE L Weibull 43 A7 Al
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WE R, PR E VR A Weibull 23 A7 [RAR 2 #8/N, 1
T Weibull 1 Gamma 73 4ii, 7E&F 8 5 EERCR )
FEHh, BRE VR & Weibull 70 A5 £ 8L T 8 K
Fo W12 NFEHLI R 2 P ERE, Weibull 4
i i) RMSE #1 MAE % 2 ¥ 3 43 7l & 16.91 I
10.42; Gamma 4 47 /] RMSE #1 MAE i% % - ¥
{H 43 99 & 17.50 F111.72, FR % & & Weibull 43 4i
f\) RMSE fil MAE % % - %{E 2 11.94 F17.47, R
5E VA Weibull 43 4i Y] RMSE #1 MAE 1% 2 V- #4185
5 /)N, Lt Weibull 431K T 29.38% #i1 28.27%, Lt
Gamma 73 Aifik T 31.73% 1 36.23%.
4 ¥

ROy BELAR 25 1 S AR 73 R A0 IR (1) AR A R A
HAR AR O] LA AR 2y BAR B 0 Ao I %
G HEA AR S P R A, AT S B S
R KRR A I S5 A TR, o ff b L 25 F s A
A KSR e B AR ks MY, Tk
PREEE PSR AR 2 1 £ 0 B A B . R,
BEAL 3 AT U B AR A 7R R R RS, A AR
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