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Comparative modeling of crown width for natural and artificial sand-fixing
shrubs on the southeastern fringe of the Tengger Desert
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Abstract: Shrub height and crown width serve as critical morphological parameters essential for understanding eco-
system structure and function. These metrics facilitate estimations of shrub biomass, density, diversity, and carbon emis-
sions, thereby enabling assessments of ecosystem health. This study investigated the crown widths of dominant sand-
fixing shrubs including Arzemisia ordosica,Caragana korshinskii , Krascheninnikovia ceratoides ,and Corethrodendron sco-
parium in natural and artificial vegetation zones along the southeastern fringe of the Tengger Desert, constructing sixteen
base models for crown width across distinct vegetation zones and shrub species. Comparative analysis of model fitting per-
formance identified optimal crown width models for specific vegetation zones and shrubs. The results showed that optimal
models varied significantly across vegetation zones and species. The Quadratic base model achieved the best fit in natural
vegetation zones, while the Korf base model excelled in artificial zones. For the dominant shrub A. ordosica, the Scaled-
Power and Hossfeld I base models were optimal in natural and artificial zones, respectively. C. korshinskii performed best
under the Gauss model in natural zones and the Logistic model in artificial zones. K. ceratoides favored the Log-Logistic

base model, and C. scoparium the Quadratic base model. These results provide a scientific basis for ecological modeling
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and windbreak-sand fixation efficacy evaluation in relevant regions.
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Table 1 Basic information of sand-fixing shrubs in artificial and natural vegetation areas
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Note: Crown width 1 indicates east-west orientation; crown width 2 indicates north-south orientation with a 60° westward devia-

tion; crown width 3 indicates north-south orientation with a 60° eastward deviation.

®2 WEIE-HREERMER

Table 2 Basic models between crown width and plant height
AL H R kX LAY EAis FikX
M1 Linear Cy=a+bH M9 Gomperts Cy=ua exp[ —bexp(—cH )]
M2 Quadratic Cy=a+bH+ cH*? M10 Growth Cy=-expla+bH)
M3 Power Co=aH’ M1l Gauss Co=aexp( —[(H—b)/c])
M4  Scaled Power — Cy=a+ bH" M12  Mitscherlinch ~ Cy=a[1— exp(—bH )]
M5 Exponential Cy=ab" M13 Hossfeld Cy=1/(a+ bH)
M6  Logarithmic ~ Cy=a+bln(H) M14  Hossfeld I Cy=[H/(a+b6H)]
M7 Logistic Cy=a/[1+ bexp(—cH)] M15  Korf Cy=aexp(—bH *)
M8 Log-Logistic Cy= a/[l +exp(b+cIn(H+ 1))] M16 Richards Cy=all—exp(—bH)]J

T C oy R7R A W5 L H 28 7 T A 5 e 100 ke 5

Note: Cy denotes the crown width of shrubs, and H denotes the height per crown width.
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Table 3 Fitting results of basic models for dominant sand-fixing shrubs in natural vegetation areas

» Z 8 BRI EE Y
BERY
a b c R? RMSE MAE MAPE/ %
M1 —0.012 0.707 0.675 0.070 0.047 43.24
M2 0.008 0.515 0.333 0.683 0.069 0.047 50.80
M3 0.774 1.144 0.676 0.069 0.047 41.59
M4 0.018 0.798 1.259 0.682 0.069 0.047 53.77
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M8 0.872 3.080 —6.756 0.679 0.070 0.049 75.09
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M14 0.432 0.814 0.664 0.071 0.206 229.18
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Figure 1 RMA regression of crown width vs. plant height for key sand-fixing shrubs in natural vegetation areas
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Table 4 Fitting results of basic models for different sand-fixing shrubs in natural vegetation areas

A - 24 | P R A
a b ¢ R* RMSE MAE MAPE/%
b M2 0.002 0.670 —0.225 0.682 0.049 0.036 49.90
(Artemisia ordosica M4 —0.012 0.507 0.796 0.683 0.049 0.036 48.52
Krasch. ) M12 0.742 0.943 0.682 0.049 0.036 49.19
eSS L M7 0.775 35.340 7.322 0.702 0.158 0.117 45.80
(Caragana korshinskii M8 0.816 4.051 —10.010 0.702 0.158 0.117 44.65
F.) MI11 0.731 0.853 0.452 0.705 0.157 0.117 47.08
Tp o #E M7 0.545 13.950 7.837 0.694 0.090 0.066 37.98
(Krascheninnikovia M8 0.582 2.891 —9.565 0.694 0.090 0.066 37.38
ceratoides 1. ) M9 0.645 3.474 4.193 0.694 0.090 0.066 36.77
x5 ANIHHRIZERDEAHEMERNOBSER
Table 5 Fitting results of basic models for dominant sand-fixing shrubs in planted vegetation areas
. S8 P FE AR
a b ¢ R? RMSE MAE MAPE/%

M1 0.009 0.649 0.732 0.077 0.053 94.80
M2 —0.013 0.862 —0.298 0.743 0.076 0.050 72.26
M3 0.617 0.891 0.738 0.077 0.053 99.54
M4 —0.044 0.629 0.725 0.743 0.076 0.050 72.64
M7 0.444 11.790 8.021 0.717 0.080 0.057 113.66
M8 0.473 2.647 —9.426 0.723 0.079 0.055 108.81
M9 0.500 3.145 4.465 0.732 0.077 0.053 92.68
M11 0.503 0.832 0.544 0.700 0.082 0.061 145.21
M12 1.146 0.698 0.741 0.076 0.052 92.26
M14 0.300 1.096 0.741 0.076 0.198 419.41
M15 4.703 2.137 0.296 0.745 0.076 0.049 67.37
M16 0.738 1.498 1.192 0.743 0.076 0.051 76.82
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Figure 2 RMA regression for crown width-to-height allometry in Ao, Ck,and Kc from natural vegetation area
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Figure 3 RMA regression of crown width vs. plant height for key sand-fixing shrubs in planted vegetation areas
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Table 6 Fitting results of basic models for different sand-fixing shrubs in planted vegetation areas

K g 24 | W 48 b
a b ¢ R’ RMSE MAE MAPE/ %

By M2 —0.028 1.009 —0.427 0.794 0.057 0.039 67.12
(Artemisia ordosica M14 0.296 1.054 0.795 0.057 0.191 489.38
Krasch. ) M16 0.585 2.773 1.567 0.795 0.057 0.038 65.50
T 45050 1L M7 0.798 10.340 3.585 0.543 0.130 0.096 56.00
(Caragana korshinskii MS 1.135 2.839 —4.420 0.541 0.131 0.096 55.24
F.) M11 0.689 1.269 0.832 0.542 0.131 0.096 55.88
FipsEX M2 0.063 0.367 0.188 0.519 0.111 0.076 40.65
(Corethrodendron scopar- M4 0.074 0.537 1.285 0.519 0.111 0.076 41.05
ium Fisch. ) M8 1.228 2.743 —3.911 0.519 0.111 0.076 41.42
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Figure 4 RMA regression for crown width-to-height allometry in Ao, Ck,and Cs from planted vegetation areas
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