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Establishment of predicting models for Pinus tabulaeformis stands
volume based on mixed models

WANG Shaojie' ,\DENG Huafeng', XIANG Wei' , HUANG Guosheng”, WANG Xuejun®

(1 College of Forestry,Beijing Forestry University ,Beijing 100083 ,China;

2 Academy of Forest Inventory and Planning .State Forestry Administration . Beijing 100714 ,China)

Abstract :[Objective] This study established high precision stand volume models to provide personal-
ized model equations for different density stands in Beijing, which would provide theoretical basis for forest
management and harvesting. [ Method) Using the periodically inventory data of 76 Pinus tabulaeformis
plots in Beijing, P. tabulae formis stands were divided into five levels by different initial densities (ID) in-
cluding I (ID<C400 strain/hm?®), [[ (400 ID<C800 strain/hm?®), [l (800<{ID<C1 200 strain/hm?, [V
(1 200<<ID<C100 strain/hm?),and V (ID==1 600 strain/hm?). Choosing basal area and average height of
dominant trees as independent variables, the basic linear model of P. tabulaeformis volume was construc-

ted. Based on the basic model, P. tabulae formis mixed effects models were constructed considering density

Tk BHI]  2017-01-05
[(B4ewH] R EEZ SR SR R0 B (8 3 S 508 %0 s Rl A 38 AT BHIF £ 351 (201204510)
LIEHFERIA] EOARQ92—), 5 Wb # XA B, 3222 35 AR08 U5 T 5 1 98 . E-mail: wsjegzw@163. com
LGEFER] AAEBEA966—) . 5 W m MR A B2 1 1 F 2SRRI R 2 278 Wit 5 HORPISY .

E-mail: denghuafeng@ bjfu. edu. cn



30 PE JEAMB R 722 4R CB AR B 4 O 946 4%

level effect and plot effect and using R language NLME. Then absolute mean error (| E|),root mean square
errors (RMSE) ,and coefficient of determination (R?) were used to evaluate the models. [Result] The R*
of two-level mixed model was 0. 998 2,higher than that of single-level mixed models of density level effect
and plot effect, while both |E| and RMSE of the two-level mixed model were smaller than the two single-
level mixed models. The | E| and RMSE of the two-level mixed model were 0. 069 8 and 0. 100 6, which
were 78. 86% and 82.39% lower than the basic model, respectively. When heteroscedasticity of exponen-
tial function and [ ARMA(1,1) ] time series correlation structure were added to the mixed model, the fit-
ting precision was improved. [Conclusion] The precision of both single level mixed models and two-level
mixed model were better than that of basic model. The two-level mixed model was better than basic model
and single level mixed models. Exponential function variance structures could effectively remove the het-

eroscedasticity in the data,and [ ARMA(1,1) ] structure can express the error correlation between plots.

Key words: Pinus tabulae formis ; volume ;mixed model;density level effect;heteroscedasticity;time se-

ries error autocorrelation
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Basic situation of sample plots for constructing Pinus tabulae formis stand volume model in Beijing
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i{% Fitting data (56 t‘}Trco periods plots a total of 168 plots) Validation data (20 t‘}Trcc periods plots a total of 60 plots)
Domcity PR FREE/ TS /m  Bm R PR A/ B@/m R FHE/
level Number 4F Dominant (m? » hm %) (m® « hm~ %) Number 4f Dominant (m? « hm 2) (m® » hm ?)
of plots Age height Basal area Total volume  of plots Age height Basal area Total volume
I 11 15~40 3.2~11.1 0.504~8. 166 1.184~34.963 5 22~50 4.7~14.1 2.742~16.348 10.885~65.712
11 18 15~60 3.8~22.2 1.628~20. 136 4.318~88.096 7 21~55 6.7~12.7 2.569~17.649 8.081~72.024
il 15 25~63 6.0~20.9 6.233~30.803 21.154~132.954 5 21~55 4.9~11.4 3.586~14.556 9.850~61.019
v 6 22~55 6.8~17.9 10.294~45,227 35.757~197.136 1 39~49 6.5~7.3 6.574~21.162 25.232~84.408
Vv 6 25~50 7.1~13.5 10.132~32.867 32.504~136.897 2 30~45 6.9~15.3 14.465~30.726 48.936~121.994
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Table 2 Simulation of Pinus tabulae formis stand volume basic model

Pafﬁter Eﬁjt:lnﬁe SE{Eef‘or t P |E| RMSE R
ay 1.453 3 0.084 3 17.25 <C0.000 1
as 0.078 4 0.036 6 2.14 <0.050 0 0.346 5 0.571 5 0.981 8
as 0.629 5 0.015 2 41. 31 <Z0.000 1
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Table 3 Comparisons of single-level mixed models for Pinus tabulae formis stand volume

based on different random parameters

\ L5 % SR
Ralrg‘]ﬁliﬁl;z&e?zect %fr&(@?f N/ufb%frﬂzf AIC BIC Log-likelihood LRT P
parameter parameter
J& None 4 —248.554 0 —236.058 1 128.277 0
a 5 —257.719 3 —242.099 4 133.859 6
2 11 7K 730 a 5 —256.176 0 —240. 556 2 133.088 0
Density level as 5 —356.521 9 —340.902 0 183.260 9
effect arwaz 7 —303.067 8 —281.200 1 158.533 9
aisas 7 —436.536 5 —414.668 8 225.268 3
as sas 7 —426.374 3 —404. 506 6 220.187 2
ajsazsa; 10 —432.859 8 —401.620 2 226.429 9 2.323 3 0.508 1
J& None 4 —248.554 0 —236.058 1 128.277 0
a 5 —267.246 5 —251.626 7 138.623 3
. ) as 5 —266.506 0 —250. 886 2 138.253 0
ﬁoﬁmzﬁgl as 5 —318.213 0 —302.593 2 164.106 5
aisaz 7 —311.064 9 —289.197 1 162.532 5
aisas 7 —395.112 4 —373.244 7 204.556 2
az sas 7 —387.351 8 —365.484 1 200.675 9
ajsazsas 10 —389.226 2 —357.986 5 204.613 1 0.1137 0.990 1
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Table 4 Comparisons of single-level mixed models for Pinus tabulae formis stand volume based on

different heteroscedasticity structures

- S % R ESTIeR:
M di\l Heteroscedasticity Number of AIC BIC Log-likelihood LRT P
ode structure parameter
J& None 7 —436.536 5 —414.668 8 225.268 3
T"‘?TEA(EF FE PR Power 8 —500. 560 6 —475.568 9 258.280 3 66.024 0 <20.000 1
*ﬁ%iﬁ?;:y 5 % 56 B¢ Exponent 8 —514.276 1 —489. 284 4 265.138 1 79.739 6  <<0.000 1
v
BN % R Conspower 9 —496.725 1 —468.609 4 257.362 5 15.551 0 <C0.000 1
J& None 7 —395.112 4 —373.244 7 204.556 2
bR Power 8 AL
o No convergence
FEIRUR, gy st Exponent 8 —145. 847 4 420, 855 7 230.923 7 52.7350  <0.000 1
Plot effect
KON #F eR Conspower 9 AL

No convergence
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Fig. 1

Residual plots of stand volume predicted values without considering heteroscedasticity structures (A) and

considering heteroscedasticity structures (B) based on mixed model of Pinus tabulaeformis stand density level effect
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Table 5 Comparison of single-level mixed model for Pinus tabulae formis stand volume based on heteroscedasticity
structures and time series error autocorrelation
. WA BRAK
M ;1_‘\1 Correlation Number of AIC BIC Log-likelihood LRT P
ode structure parameter
J& None 8 —514.276 1 —489.284 4 265.138 1
8% pE . 2]
&’I)L?kT)&ﬂj ARCD 9 —549.019 6 —520. 904 0 283.509 8 36.743 5 <20.000 1
Density level
offect ARMA(1, 1) 10 —559.028 1 —527.788 5 289.514 0 18.7520  <C0.000 1
CS 9 —531.992 7 —503.877 0 274.996 3 19.716 5 <0.000 1
J& None 8 — 445, 847 4 —420.855 7 230.923 7
FE A0 ARCD 9 —470.524 0 —442.408 4 244.262 0 26.676 6 <20.000 1
Plot effect
ARMAC(1,1) 10 —477.303 6 —446.064 0 248.651 8 35.456 2 <20.000 1
CS 9 —460.378 8 —432.263 1 239.189 4 16.531 4 <C0.000 1
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Fig. 2 Residual plots of stand volume predicted values without considering heteroscedasticity structures (A) and considering

heteroscedasticity structures (B) based on mixed model of Pinus tabulaeformis plot effect
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Table 6 Comparisons of two-level and single-level stand volume mixed model for Pinus tabulae formis
l\jﬁi i}il Numbf/i%ﬁimem AIC BIC Log-likelihood LRT P
% B K R0 Density level effect 7 —436.536 5 —414. 668 8 225.268 3 58.540 8 <<0.000 1
FEHLAL Y Plot effect 7 —395.112 4 —373.244 7 204, 556 2 99.964 9 <<0.000 1
HEPIAKERUN Two level effect 10 —489.077 3 —457.837 7 254.538 6
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Table 7 Comparisons of two-level mixed model for Pinu stabulae formis stand volume based
on different heteroscedasticity structures

= pm PN

5y 22 05 B4l 2B AIC BIC Log-likelihood LRT P
Heteroscedasticity structure Number of parameter
J& None 10 —489.077 3 —457.837 7 254.538 6

P
LR E Power 11 A
No convergence

5B K% Exponent 11 —545.513 1 —511.149 5 283.756 5 58.435 8 <20.000 1
H B & R % Conspower 12 —526.102 4 —488.614 9 275.051 2 41.0251 <20.000 1
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Fig. 8 Parameter estimatesfor different models of Pinus tabulae formis stand volume
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M}‘)E‘I Fixed parameter Residual Random effect Heterosceda _Correlation structure
ode ai as as variance matrix sticity structure o 0
A=l
A B 1.4533  0.0784  0.6295 - - - -
Basic model
K P RO R & 0.004 9 0.027 3
# % Density level 1.536 8  0.016 9  0.81838 0.023 5 D=| =~ —0.9665 0.0442  0.999 9
. 0.027 3 0.005 8
effect mixed model
T b5 TR 4SS A )
. - - _[0.0005 0.0023 o -
Plot effect mixed 1.573 0 0.022 6 0.786 5 0.064 1 D= [U. 0023 0.009 7] 1.043 3 0.577 2 0.999 9
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Fig. 9 Fitting statistics for different models of Pinus tabulae formis stand volume
155 7 WA 43 Fitting statistics iR #4481t Fitting statistics
Model |E| RMSE R? Model |E| RMSE R?
- R b 55 VR A A TR
. pidl]
Emﬂ*y{i‘ 0.346 5 0.571 5 0.981 8 Plot effect mixed 0.161 6 0.221 2 0.991 5
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model
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Table 10  Density level random effects values of two-level mixed model for Pinus tabulaeformis stand volume
Fiti L 5% L KT KT KA KV KV
Random Level | Level ]| Level [ Level [V Level V
u —0.066 8 0.039 8 0.060 9 0.014 6 —0.048 6
v —0.267 1 —0.109 8 0.091 1 0.102 6 0.183 2
1l MRS ERERERMKEREGERNHEMBEVRES HE
Table 11 Plot random effects values of nested two-level mixed model for Pinus tabulaeformis stand volume
BEHLACON,  FEdh 1 Kt 2 b 3 FEHL 4 FEHL 5 Fedh 72 FEHL 73 MEHE 74 KEHB 75 AENHL 76
Random Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 72 Plot 73 Plot 74 Plot 75 Plot 76
u —0.0104 —0.0021 0.0035 0.006 0 —0.008 5 0.0014 —0.0105 —0.0019 —0.0058 —0.0006
v —0.0111 —0.0023 0.0037 0.006 4 —0.009 0 0.0015 —0.0112 —0.0021 —0.0062 —0.0007
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Table 12 Validation for Pinus tabulae formis stand volume basic model and mixed model considering heteroscedasticity

structures and time series error autocorrelation

A Mixed model

A I BB " e
Vel s e KR e R KT A
Density level effect Plot effect Two level
|E| 0.280 7 0.145 1 0.194 0 0.137 6
RMSE 0. 3656 0.227 1 0.266 1 0.220 7
R? 0.952 9 0.981 8 0.979 0 0.982 8
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Fig. 3 Residual plots of Pinu stabulaeformis stand volume predicted values based on basic model and

mixed model considering heteroscedasticity structures and time series error autocorrelation
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