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Estimating aboveground biomass for subtropical forests in China by
integrating multisource remote sensing and ground data
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Abstract

Forest is the largest carbon sink of terrestrial ecosystems. Accurate estimation of
aboveground biomass (AGB) in forest is not only important to evaluate the carbon
sequestration rate of forests, but also crucial to assess regional carbon budget. However,
there is large uncertainty in the estimation of AGB in forests due to lack of data, unclear
understanding on mechanisms, and inappropriate models. In this study, we firstly
collect a large amount of ground survey data through literature review to build database
of subtropical forest aboveground biomass, to determine the main drivers of AGB in
different forest types. Secondly, we produced a new 1-km spatial resolution AGB map
by synthesizing an unprecedented number of ground AGB observations from published
studies, and developed an AGB mapping method using a combination of ground
observations, MODIS data, forest cover/gain/loss maps based on Landsat, GLAS forest
canopy height, and climatic and terrain data, to accurately estimate spatial patterns in
AGB of forest in subtropical area. Finally, we validated our estimates using independent
testing data and compared our estimates with three previous AGB maps, to quantify the
magnitude of estimate uncertainty and elucidate the uncertainty sources.

(1) Atotal of 1268 ground plots data were collected in this study. Overall, the forest
AGB was higher in the central part, lower in the nothern part of the study area. The
average AGB is 131.8 Mg/ha and 113.4 Mg/ha, respectively. The AGB varied by forest
types. Among 8 forest types, subtropical Picea-Abies forest had the highest AGB,
subtropical and tropical bamboo and scrub forest had the lowest AGB. The average
AGB of young forest (stand age < 20 years), middle-age forest (20 years < stand age <
40 years), mature forest (40 years < stand age < 60 years) and old forest (stand age >
60 years) is 68.8 Mg/ha. 118.1 Mg/ha. 142.2 Mg/h and 221 Mg/ha, respectively. The
young and middle-age forest account for 64% of the total forest, which indicated a large
potential carbon sink of subtropical forests of China. Based on our Generalized
Additive Model (GAM) exploratory analysis, a significant correlation (P < 0.001)
existed between ground observed AGB and digital elevation model (DEM), mean
annual temperature (MAT), annual precipitation (AP), and forest age.

(2) The most important factors influencing the estimation of above-ground biomass
of subtropical forests are normalized vegetation index (NDVI), followed by red band,
green band, normalized water index (NDWI), shortwave infrared 1 (SWIR1), near-
infrared (NIR) band and land surface water index (LSWI). In most forest types, the



band information and vegetation index derived from remote sensing data are more
important than that of other variables. In areas with low or high biomass density, when
the band information and/or vegetation index cannot explain the variation of AGB, the
climate and topographical variables will significantly affect the estimation accuracy of
AGB. In this study area, the estimation accuracy of MODIS data is significantly higher
than that of Landsat data. There is an obvious spectral saturation issue in the process of
estimating AGB of Landsat data.

(3) The results indicate that the total AGB stock in the subtropical forest of China
is (266 +£9.1) x10° Mg, with an average AGB of 123.2 Mg/ha. Based on sixteen
explanatory variables, our ensemble mean model explains 75% of the variance in forest
AGB, with an RMSE of 45.5 Mg/ha. Comparison using all observation data shows that
our map has a significantly lower RMSE and bias than previous maps, where the RMSE
and bias tended to vary with forest types.

This study improved the accuracy of AGB estimation in subtropical forests and
provide a practicable method and a defensible scientific basis for future forest biomass

estimation at both national and global scales.

Keywords: Subtropical forest, aboveground biomass, carbon stock, forest age, machine
learning
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