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Height-diameter model for Chinese fir based on
linear mixed model

XU Chonghua,CUI Jun, HUANG Xingzhao, YU Xin, XU Xiaoniu

(School of Forestry & Landscape Architecture ,Anhui Agricultural University , He fei, Anhui 230036 ,China)

Abstract; [Objective] Relationship between height (H) and diameter at breast-height (DBH) of Chi-
nese fir (Cunninghamia lanceolata) was studied using linear mixed model to provide support for height
measurement. [Method) Data of 688 Chinese fir plants were collected and least square method was used to
established the H-DBH linear model. Considering stand density and altitude effects, the Akaike informa-
tion criterion (AIC),Bayesian information criterion (BIC) and the —2 time of logarithm likelihood value
(—2log lik) are compared between the basic model and the 2 mixed models. Based on this, the exponential
function (Exp),power function (Power) ,and identity heteroscedasticity function (Ident) were added to se-
lect the better mixing models. The accuracy of the model was evaluated using of R*, |E| and RMSE as in-
dexes in R 3. 2. 2 software. [Result] The Akaike information criterion (2 089. 731), Bayesian information
criterion (2 102, 151) ,and — 2 times of logarithm likelihood value (2 083. 732) were higher than the mixed

model,indicating that the mixed model was better. Considering the error variance-covariance matrix and
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adding identity heteroscedasticity function (Ident) significantly improved the model accuracy. Compared
with the density-level mixed model (R* =0.797 0, |E| =1.576 6, RMSE =2. 183 0), the altitude-level
mixed model had better precision (R*=0.804 4, |E|=1.553 9,RMSE=2. 143 0). [Conclusion) The mixed

model with the consideration of random effects was better than fixed model since it can reveal both overall

trends and differences between different groups of Chinese fir plantations.
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Table 1 Statistical results of height and diameter at breast-height

Tt 78 AR W+ fe/MiE ISP A n 22

Research data Number Measure factor Min Max Mean SD

S T DBH/cm 5.10 36. 41 14. 55 5.41

BB Fitting data 168 H/m 2.64 29. 79 12.73 1.85

o 1 DBH/cm 5. 50 33.59 14.68 6. 04

K3 B Validation data 220 H/m 4.00 32. 20 12. 36 5. 66

1.2 HARAXE

.21 AshA ey s AR ICESIRZ T H-
DBH X RZWAEWE 2. fE 2 Al LLFE H . H-
DBH 52534 o PR 18 [ 2 2 M A B A o 4

30 o

8]
(=}
T

/m Height

=
(=}
T

w9

i 4#2/cm
Diameter at breast height

P2 R AR CAD RIS TE R (B A5 3 A4 5 - B 42 56 &R

Fig. 2
1.2.2 SMesA MR b o] ABEHLRLN
PR = 118 1 50 8 R PR TR A5 200 0 A 28 3 Sy K K- i 22
IKAF 2 R EEATE AL, KO S MR A 500 AR TR
HAAE T ABEVLRON K+ A0 58 B2 5L T 5K
MR A =R O R ALY, i R K
H

4 H-DBH 3¢ Z AR, AR BAATE AT -
H,=p +3DBH, +e. (D

K H: B BRFERBIRE (m) . DBH, J55 i fk

FER BB Cem) o 50 T B AT S8 e IR ZET .

H-DBH plot of calibration (A) and validation (B) subsets

<
30r B o 9 ©
- [ o e o°
i o
220t > s
jun} gg o ®
g Sondp Co0®  ®
i #8 °
= ab
10 |
0 n . .
10 20 30
Hi 42/cm
Diameter at breast height
H,=DBH8+Zyu,+e,.
j=1,2,,M,
(2)
1/1]’\’]\](0’1))9
ejNN(O’Rj>o

K H; \DBH; 73 R RN s o 56 5
R JIE X L AR AR R () B A% Cem) 5 B Ay 1 2 R0 2 850



56 P JEAMB R 722 4R CB AR 4 O

5545 &

a5 NS OHFHOKF B G AR O3 B K P 19 Bl
BUEIY [0 52, 5 gy X6 L A4 B ML 1) 2 35 31 66 B
SH ﬁ\]ﬁ'&%Iﬁ,ﬂLﬁ%ﬁ §25 *EE?%TL,M jﬂﬁﬂ%
IS N FoR p, e, IRNIEZS 06 : D il
P TROBR 53 B8 B XoF N7 1) Bt AL 2 1) ) 25 Wb O 25 5 A i
VR, SRS HEHROKF- 805 5 R 55 BE K P 1R 25580
VL (R 7 2 U 7 22 S A LI
1.2.3 BAAHEEMmET DEBPEES
S HENL SN E . RS B00 B — AR T
ELR 350 B X T LS A T A MBI AR R R
Z BEALRLN Jr 25 P 7 22 45 14 S 58 0 L 17 B, Pin-
heiro ZEH 4 S 45 AL oh I AT S 800 1R B ALK
NS H0 A A & A AN F RN S B0 LR, L3R
ATCCHR W 5 B o ) L BIC UL w307 45 6 o ) .
—2log Lik (X ECL AR ED Y S B4 #r» AIC. BIC,
—2log Lik {HM/N, MRS RO BT . sk e S 50T
Z 5 A AR S B0 RO R T A T BEAT L AR LU A 56
(LRT) .4 P<C0.05 W\ k25 5 B 3 e B S H
G B 8 A TR R AT ROR AT

2) 1R 22BN J7 22 Wb J7 25 S5 A6 FE I (R, 1 1 5
R; [Vt 5 b 250 fiff DR 158 22 S5 7 2 0] JL, Mol BF 5 v
FH T34 1% 22 R0 T7 22 Wb J5 22 G5 R i Rk X 0h

R, =5 °T¢%" (3)

Hrpeo® NRERI D2 I 2248 . ) Nl iR 22 U7 22
S TV O SRR T Al R 1R 25 EAH DG I 45 4 S
28

PR 22 W S 7 25 ) U, AR F 5T LA R B0 R B
(Exp) .FE R 5 (Power) L K fH %2 (Ident) 3 B 7
2% B AR SR T R B TR 0 S 251 . IR AR ST R H
18 K5 B I [ 55 88 A R L Il [] — R A Bl R b 7E
R T 40 ) A2 I AR 4k 5 PR T G 20 2 R e (R] ) A1)
DG XT TS A TR 15 2 A G M 11 5 T

3 BEVLEN 7 £ I Z 45 (D) . %
S BT B BIL AL I [ 11 22 5 M 1 DB BE BL KON 2 5K
AN AR A B AL 2 A Bl AL S B0 B AL 50 n
T 25 W T 2 45K ) FLAE AL R RGA R

2
p=[" <[ T oy
2 o o‘i

7t

Kol on, 5000 Ry BEBL RN S50 g s pe WO T 255
Gy = Oy + TN sy BYOIIT 22

12,4 #AIT 400G B A 50 32 2558 3 W
T I b A RS B K 58 B e B X B AL KON 2 B
PEATAG 5 38 R AR O R B NS 5 s
-

e =DZI(Z,DZT+R,) ‘e, (5)
Ko NEEHL S BB (8. D Sy BE LN J7 22
J7 ZEWAG ARG . Z, N BEHLAN B 4 .2, 5 21 |
N B A LR, R 225N 5 22 U 7 25 BAG 46 B e,
hiR 2
1.2.5 BMAFMHAKFLE WEidHRERK
(R*) P-4 5%t 5% 22 (L E | F1 ¥ 5 % 22 (RMSE)
FVEMM IR K LA AR 3 245 . # | E| \RMSE
{EA /N R BB, WAL A . |E| .RMSE I R
ek

wqwbmawq %)

Z;—l(yjii)z
|E|:‘Ej:1(ij7yj)‘o ("

RMSE=, | > i3 (8)

n—1 °
Ay, SNy, R BRI A, v A S AR Y
EYIE s n S SEIE A%

2 AR5

2.1 EuEBEHINE

TEHE S KM B RO AR YY) H-DBH J5 FEHi
Wt R 3.2, 2 #opk 32 (1) A6 1R ] i /s — 3 3 ik
AT EER A RUADL G R ¢ R 3 AN F G 36 o) A 7Y R A
RISHHEITR S . R EA . RDBEA A S5
Al THE 3 3K B A% 3 K- (P <0, 005) , i B 2 4
Bi<fr XL AR AL R W N BB AT F ORI
(F=1788.1,P<C0.000 1), Z5 58, 7L (D)X}
R MR e R A B A B E . W, AR
PEH (D BRI (H=1.183 640.793 9DBH+¢) N
F# H-DBH ¢RI B8 ) FE Rl B Y
2.2 BREMNEREEMINE
2.2.1 REAUECE 6 AR AT B Ok A R TR )
AU HPREARBOE T 30 ME WA 5 A UATH
Ay X IAE Ry BEHL 2 B0 A R G B AL (LR FE A 3
iR BRI ARG AR 22 RO B %
JE B A VR BB A BEML S 5. T s 4R
(R ORI NN B NI E R 2 | S N
B4R T A LR IR A 7 B R o 224 AR50 4% 1
AR 5 S 95 Tl IR GG . AT
SR bR 43 %5 RE 4% IX [ &) 43 S << 1 000 #k/hm?®,
=1 000~<C1 300 #/hm*, >1 300 ~ <1 600
#/hm?, > 1600~ <1 900 #/hm?, >1 900 ~
<2 200 Bf/hm*, > 2 200 ~ << 2 500 #/hm?,



%63

VRERAE G5 IR T AR MR G ROV S R B A AR R - i A A T 57

>2 500~ <C2 800 #f/hm’, >2 800 ~ <3 100
Fk/hm®, >3 100~ < 3 600 #/hm* DI & >3 600
PR /hm® 85 10 A 45 95 1 3 0 42 X 8] R 43y << 250
m, >250~<500 m, >500~<C750 m F1>750 m 4
MREEE .

2.2.2 My BEEEREMERESEAEL G ML
A [5) BB BIL 2 B2 B 0 R AL AU B 45 R 1 5 e AN ) L A
WF 5 LA 43 %% BE AR R B AL S B0 5 TR A BT L ik
S SRR L B ATIC, BIC, — 2log Lik 4§ 3 P IE
P48 45 . 3 A48 b 1 B 8/ W U8 B 7 AR 405 1A
JEB R AUA RO B . TR I3 %5 52 2 R B AL A
THERERABHMM AR NFE 2, hFE2ATL,

BSOS 1% DL LA 3 B (o3 500 5 BE AL S 8K e s
s Ay R A B RD) , H AIC, — 2log ik (HYY
ANTF [ A DL RS 36 (LRT) 45 5 3 W 1R A A
T 5[] AR 9% S L (P<<0. 05) , $d B i A Mk 43
W B B AL 2 B TR A A AL ) 0L A RO T /N R
LA B E AR, RR AR A SRR
AIC.BIC,—2log Lik {HI) K/ G5 R W] .3 MRS
BEAY I 0075 R 22 5 R K (R AIC, BIC il — 2log
Lik AEAHID) » LR LA 58 (LRT) 25 e 3 W - 35 Rt AL
SR e WY 5 R A 22 ok W3 (P <
0.000 5) , 5 K 55 B AIL 288 g RO BERYAE Oy 2 T 4K
O34 FEJZ IR B AR

R2 HUBREUNEINNUEER

Table 2 Fitting results of mixed models
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o 121 4 2 080. 782 2 097. 341 2072.782 10. 949 0.000 9
flfﬁiﬁ?zeffect 122 4 2 090. 289 2 106. 849 2 082.290 1. 442 0.229 8
21 s o2 6 2 063.671 2 088.510 2 051.670 32.060 <20.000 1
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Table 3 Fitting results of mixed models based on considering heteroscedasticity

Ril L 280 L R 2GR B
Random Heteroscedasticity df >~ AIC BIC —2log lik LRT P
effect structure
Ident 13 2 045. 705 2 099.523 2 019.704 64.026 <20.000 1
Density ef fect Power 5 2 085. 825 2 106. 524 2 075. 824 7.906 0.019 2
Exp 5 2 085. 822 2 106.521 2 075.822 7.909 0.019 2
e b Ident 9 2 032.762 2 070.021 2 014.762 68.969 <20.000 1
Y 358 o
Altitude o f fect Power 10 2 039. 998 2 081. 397 2 019. 998 63.733 <0. 000 1
Exp 10 2 051. 882 2 093. 280 2 031. 882 51. 850 <C0.000 1
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Table 4 Parameters and fitting results of fixed models and mixed models

e . [# AL Fixed model % B JZ K Density level R )2 Altitude level
o Zu T I I
Variabl Paramet ~vn G Son Gp L ~n G
artabie arameter Estimate value PR SE Estimate value riEDe SE Estimate value PRk SE
[#] 7 %R B 1.183 6% * 0.298 6 0.645 1~ 0.298 6 —0.219 4 1.115 1
Fixed effect 2 0.793 9"~ 0.019 2 0.829 2" * 0.023 0 0.876 1°*  0.0615
Bl 1250 E ) 4.5726 —0.248 0
Random effect D Lo. 001 3] [*0. 248 0 0.013 5]
=]
BRI 7% & 5.049 0 1,283 3 3.545 1
Error variance
. - R? 0.785 9 0.797 0 0.804 4
WA bR ; ’
Evaluation index |E| 1.633 7 1.576 6 1.5539
RMSE 2.242 1 2.183 0 2.143 0

71 (Note) : * %, P<C0.000 1; . P<C0.01; «.P<C0.5.
2.2.5 #A¥E @7 HDBH XRMLHIES
RN AR RS S5 R R 220 21k ST R 56 BHE L AR 4 A X
(5) LA K% 4 & 2 B0 B A0L 45 S R 9 B340 1)
BE LS B o TR 1 T 31 58045 B 5 040 Ay 31 L, )
FARL IR R b5 34 5 MR 3% 22 (RMSE) | - ¥ 4 % 5% 2
(IE|[) 5 [ 7 A JEA TR B A, LRI L F Ex-
cel FI R 3.2.2 FAFIEBL 5 R KL 5. N 5 L
A MR R JZE U M TR G RIS B - 1 4 0k
2Z|E|=1.581 3.7 iz RMSE=2.032 1;
M2 IR AR 45 5% 22 | E | = 1. 580 2.3
JiMR iR 2: RMSE=1. 963 8, ¥/ T [ 7 £ AL i) °F- 1
o4t X 1R 25 A TR IR 2 (| E| =1. 608 6,RMSE=
2.034 9, UE B A B 5 o in A B BL AN 2 800 IR A

RSO ASE T 110 TN K JRE 55 T T R . AR B R K
AR |E| 5 RMSE {53 K T2 U 5 8
T DRI T AV A B AL 2 B 2 P T A5 2R A T
5 BE T3 WA T 5 A MR R B AL S O TR A R
7] Ff -t 31F B 7 R B35 v o 90 44 PR 0 ) A2 8 56 3%
F8 B W R P o 4

RS BEEEASKRUREUEEHNBIELERLER

Table 5 Comparison results of fixed model and
linear mixed model
TN FR AR [ 5 A5 Y IR A Mixed model
Evaluation Fixed 25 2R W R W
index model Density level — Altitude level
|E| 1.608 6 1.5813 1.580 2
RMSE 2.034 9 2.032 1 1.963 8
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