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Biomass simulation of six shrub species in Otindag sandy land
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Abstract: In arid and semi-arid regions, trees are sparse or have difficulty surviving, and shrubs often occupy a dominant
position in vegetation communities. The ecological functions and ecological value of shrubs are particularly worthy of
attention in these regions. The sparse-elm grassland in Otindag Sandy Land is the climatic climax community ; the trees are

sparsely distributed, while the shrubs are densely distributed between the dunes or on the leeward slopes of the dunes.
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Shrubs have significant ecological functions in fixing sand dunes, improving soils, providing habitats, and increasing
vegetation biodiversity. Shrub biomass accounts for a large proportion of the sandy land vegetation community. According to
previous studies, shrubs are usually less important than trees, but the research on shrubs is not yet sufficient. The present
shrub biomass simulation method is mostly adapted from the methods used for trees. However, the morphological
characteristics of shrubs are obviously different from those of trees. A biomass prediction model specific for shrubs urgently
needs to be developed. In this study, six dominant shrub species were investigated. Based on an allometric model, seven
shrub measurements were used as predictors and compared to assess their abilities to predict shrub biomass. Among the
seven measurements, a circular platform volume model, which has a structure close to the actual shape of a shrub, was
designed as a new predictor. In this study, correlation coefficients and three model-fitting accuracy evaluation indices
[ including determination of the R’ coefficient, significance index p-values, and standard error of the estimate (SEE) ] were
used to assess the prediction ability of the seven measurements. The results showed that; (1) Among the single
measurements, the correlation coefficient between the crown diameter and biomass was highest, compared to those between
height or ground diameter and biomass. (2) The correlation between the composite indices and shrub biomass was much
stronger than that between the single measurements and biomass. In addition, the crown-related composite indices had
stronger correlations with biomass than the ground diameter-related composite index did. This indicates that the crown
diameter or crown-related composite indices may be better in predicting shrub biomass. (3) The circular platform volume
model further improved the ability to predict shrub biomass. The results of correlation analysis and fitting analysis showed
that the correlation between the circular platform volume and biomass was stronger and the fitting error was smaller compared
with other prediction indicators. The correlation and fitting accuracy between circular platform volume and biomass were
similar across different shrub species. This means that the circular platform volume model has better and more-stable
prediction ability than other models for many shrub species, which implies that it is also more scalable. Therefore, we
suggest that the circular platform volume is an ideal predictor when shrubs are adequately measured in the field. Otherwise,
if the shrubs are not sufficiently measured, the crown diameter and crown-related composite indices are more suitable for the
prediction of shrub biomass. In sum, this study established a biomass prediction model based on the circular platform
volume of the six sandy shrub species, which provides a scientific basis for further study of the shrub carbon sink in sandy

land and the ecological significance of shrubs in semi-arid and arid regions.
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Table 1 Correlation between biomass of shrubs and various simulation factors

K S e Kz AR o BB
. HEFE AR
Yy [=Yi% Long Short Long Short DH c Round
rown
Shrub species Height crown crown base base o table
. . . . volume
diameter diameter diameter diameter volume
ZKIEF Ribes nigrum L. 0.54"" 0.85"" 0.79 " 0.80"" 0.80"" 0.80 " 0.88 " 0.91*"
YEME Betula gmelinii Bge 0.48"" 0.68 " 0.65 " 0.65"" 0.17 0.63*" 0.70 " 0.79 "
#4438 )L Caragana sinica Rehd. 0.29 0.73"" 0.68 " 0.69 ** 0.48 0.72*" 0.77"" 0.87*"
/NLIMD Salix microstachya Turez. 0.74** 0.75** 0.89*" 0.77 ** 0.70** 0.88"" 0.91** 0.95**
JNEEMI Salix gordejevii Chang et SEV. 0.61"" 0.84"" 0.89 " 0.71*" 0.82°" 0.85"" 0.97 " 0.93**
G54k 44 Spiraea Salicifolia L. 0.51° 0.79"" 0.78 " 049" 0.59"" 0.69*" 0.82"" 0.84""
SEHIE Average 0.53 0.77 0.78 0.69 0.59 0.76 0.84 0.88

D> H A7 55 B T the product of square base diameter and height; ** 2&/R IR B EHISE P<0.001; * F/RAH] B HH R P<0.05
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Table 2 Parameters and evaluation indexes of allometric models for shrub biomass

LiEVERLSA XN

2
W Crown volume Round table volume i
Shrub species
Bo B, Adj.R*  SEE Bo B, Adj.R*  SEE Bo B, Adj.R*  SEE

XIZT Ribes nigrum L. 0.496 0.702 0.812 0.004 0.528 0.785 0.854  0.003  0.494 1.125  0.677 0.003
SEME Betula gmelinii Bge 1.055 0.675 0.609 0.019 0.971 0.698  0.690 0.004 0473 0.768  0.566 0.009
B L
. L. 0.234  0.441 0.532  0.004 0.393 0.520 0.658 0.005 0.864 0.724  0.636 0.007
Caragana sinica Rehd.
INELH

L 0.767  0.801 0.804 0.023 0.723  0.814  0.870  0.011 0.392  0.832  0.755 0.015
Salix microstachya Turcz.
/N

. e , 1.257 1.002  0.845  0.022 1.339 0973 0.802  0.015 1.039  0.907  0.570 0.038
Salix gordejevii Chang et SkV.
FLkA

. L 20.797 1.746  0.665  0.003  6.411 1.446  0.652  0.002  0.121 0.586  0.313 0.001
Spiraea Salicifolia L.
SEXIME Average 0.711  0.013 0.755  0.007 0.586  0.012

B : S UL KARRSHL, parameter of the allometric model; B : 5 HiA: KA B4, parameter of the allometric model; Adj. R* ; 1 IFE H 5 R EL,
adjusted coefficient of determination; SEE : ffi i{{E [ #51#ER , standard deviation; 5#/E KA . v = B, AP, Adj.R*FI SEE FAF 5 5 A= F AR
R SLIRG J2
2.3 NFPRERR A LS, R
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