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Abstract: [Objective] To compare the accuracy of different height(H)-diameter (D) models to determine the
optimal models for Pinus sylvestris var. mongolica in Zhanggutai area. [Method] Sibbesen model was used as
the basic model. Dominant height (Hr), stand basal area (4g), and quadratic mean diameter (D) with different
combinations were added into Sibbesen model. We established one basic, three generalized, one basic mixed
and three generalized mixed H-D models. The accuracies of population-averaged prediction (FPA) of fixed
effects models, and mean response prediction (MPA) and specific-plot prediction (MPS) of mixed effects
models were compared. For mixed models, two sampling designs, random sampling and medium-diameter tree
sampling were used for random parameters estimation, and the relationship between MPS accuracy and sample
size was analyzed. [Result] In four fixed H-D models, the generalized model with H; and 4 has the highest

prediction precision. Akaike’s information criterion (AIC) is 2 167.7. Bayesian information criterion (BIC) is
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2 196.3. Models with the same predictor variables have precision in order of MPS> FPA>MPA, and models
with D as the only variable have the largest variation among three types of prediction. There are little difference

in prediction accuracy among generalized models, generalized mixed models and basic mixed model. Using

three randomly selected sample trees per plot to estimate random parameters of basic mixed model results in the
highest model precision based on the validation data, and MAE and RMSE decrease by 57.97% and 57.63%

respectively. The accuracies of generalized mixed models do not change significantly with the increase of

sample size. [ Conclusion] Both generalized model including Hy and 4 and basic mixed model can well

predict tree height for P. sylvestris var. mongolica. We recommend to randomly select three sample trees per

plot measuring tree heights for parameters estimation of mixed models, and calculating random parameters.
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Table 1 Summary statistics of stand and tree indices of Pinus sylvestris var. mongolica sample plot

A S5 20 Total data AEHYE Modeling data o 445 9% Validation data
Variable ++SE wME RKME <+SE w/ME RKE ++SE wME OKRME
Min. Max. Min. Max. Min. Max.
H/m 8.5+0.1 2.1 16.1 8.3+0.1 2.1 16.1 9.2+0.2 22 143
D/em 14.6+0.2 5.0 29.1 14.3+0.2 15.0 29.1 15.840.3 5.1 28.6
Dipypgc/em 10.9+£0.4 5.7 16.5 10.9+£0.4 5.7 16.5 11.0£0.9 7.3 14.2
Dpax/cm 22.0+0.9 10.0 29.1 22.0+1.0 10.0 29.1 21.942.1 11.9 28.6
Dypin/em 11.0+0.8 1.9 18.0 11.140.9 1.9 18.0 10.9+1.9 3.3 18.0
Ala 362 13 62 3643 13 62 366 13 56
Ni(trees-hm2) 842480 300 2500 862+96 300 2500 764+112 450 1175
Hy/m 9.7+0.5 32 13.6 9.7+0.6 3.2 13.6 10.0+1.1 4.1 12.7
Ag/(m*hm?)  1526+1.04 292 3334 15.16+1.19 428  33.34 15.65+2.31 292 2197
Dgp/em 16.7£0.9 7.0 24.0 16.6=1.0 7.0 239 16.8+1.9 7.7 21.9
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B @ AR Doy: F 77 F ¥ M 42

1) Drange> Dmax and Dy, are the distribution range value, maximum and minimum of DBH in the plot; 4: Age of stand; N: Stand

density; Hr: Dominant height; 4g: Stand basal area; Dgy: Quadratic mean diameter
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Table 2 Parameter estimates and evaluation statistics of basic and generalized models

A3 Formula B b B B Bs Bs s AIC BIC LL
(6) 142423  —27.0395  1.7849 33051 34983 35174 —17452
(7) —0.105 1 54283 14421 1.0736 0.7247 21848 2208.6 —1087.4
(8) 0.190 2 44726 12177 11126 0.0557 0.7098 2167.7 21963 —1077.9
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21682 22015 -1077.1
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Fig.1 Distribution of residuals for mixed model
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Table 3 Parameter estimates and evaluation statistics of mixed model

233\ Formula B B> Bs Ba Bs o/ o AIC  BIC LL
(10) 102581 -7.6301 15657 9.6176 0.682 22843 23082 —1137.2
(11) 02113 —64144 14914 1.0469 7.98x10° 0.681 21633 21919 —1075.7
(12) 02483 55718 1.3785 1.0300 0.0430 5.81x10° 0.680 21582 2191.6 -1072.1

(13) 03753 -5.6938

1.3803 1.0859 0.0349 -0.0291

5.65x107 0.680 2159.3 2197.4 -1071.6
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Fig.2 Indices calculated based on model fitting data for different types of predictions in different models
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Fig. 3 Relationship between mean absolute error (MAE), root mean square error (RMSE) and number of sample trees

based on different sampling designs
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