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Fig. 1  Spatial distributions of vegetation type, slope, aspect, and sky view factor in the study areas (Adapted from Xie % ,2021c¢)
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2.2 HiERAbE
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DEM /= (van Zyl, 2001). 3ETFEBESGR, A&
SCHE— AR AR T WRSE X B L 3 A e B
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AL G AL FIK 43RS T o IO )2 195 6 & R
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Table 1 Experimental design for mountain vegetation GPP estimation in this study
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Fig. 2 Spatial distributions of GPP estimates under different simulation conditions
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Fig. 7 Comprehensive errors at medium and low spatial resolutions (The difference between the simulated values at 480 m and 960 m

in a flat terrain scenario and the simulated values at 30 m resolution in a real terrain scenario)
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Analysis of error sources in the multi—scale remote sensing estimation
of mountain vegetation gross primary productivity

XIE Xinyao',LI Ainong"?, TIAN Jie',WU Changlin'

1. Research Center for Digital Mountain and Remote Sensing Application, Institute of Mountain Hazards and Environment,
Chinese Academy of Sciences, Chengdu 610041, China;
2. Wanglang Mountain Remote Sensing Field Observation and Research Station of Sichuan Province, Mianyang 621000, China

Abstract: Mountain ecosystems, covering approximately 24% of the terrestrial surface, are the key component of earth’s carbon cycle in
terrestrial ecosystems. Vegetation in mountain ecosystems can regulate the energy budget via mediating the exchange of energy and
substance and thus has been regarded as an essential bioindicator for the global climate change over the past decades. Accurate estimation of
mountain vegetation Gross Primary Productivity (GPP) plays a vital role in understanding the function of mountain ecosystems and
characterizes the ecosystem responses to climate change. Owing to the effect of complex mountainous conditions and the limitations from
spatial resolutions, obvious topographic errors and spatial scaling errors in mountain vegetation GPP estimates occur. Thus, evaluating the
error sources in the estimation of mountain vegetation GPP across multiple spatial scales is crucial.

In this study, we selected the Wanglang National Nature Reserve—a typical mountainous ecosystem in southwest China—as the study
area. An eco-hydrological model called Boreal Ecosystems Productivity Simulator-TerrainLab was used to obtain the vegetation GPP and
analyze the topographic and spatial scaling errors at fine, medium, and coarse spatial scales (i.e., 30, 480, and 960 m). First, the topographic
errors in estimating vegetation GPP were evaluated across four scenarios that characterized the effects of different topographic features at the
fine, medium, and coarse spatial scales. Then, spatial scaling errors were illustrated at the scales of 480 and 960 m. Finally, the agreement
index (d), determination coefficient (R?), Root-Mean-Square Error (RMSE), and Mean Bias Error (MBE) were used to evaluate the
topographic and spatial scaling errors in modeling mountain vegetation GPP at the fine, medium, and coarse spatial scales.

Results showed that the multiscale vegetation GPP estimates across different simulation conditions presented obvious spatial
differences (the difference among regional mean values upped to 198 g/(m*+a)). The topographic errors of vegetation GPP estimates showed
a decreasing trend with the decrease in spatial resolution, suggesting that considerable attention should be paid to high spatial resolutions
(the MBE value was 200 g/(m*-a)). Specifically, the error caused by ignoring the redistribution of soil water was observed to be the largest
source of topographic errors. As for the spatial scaling errors, an increasing trend with the decrease in spatial resolution was found,
highlighting the necessity of reducing the spatial scaling errors in middle- and coarse-spatial-resolution GPP estimates (161 and 210 g/(m’-a),
respectively).

In generating multiscale mountain vegetation GPP products, the topographic effects on high-spatial-resolution GPP estimation should
be eliminated. Attention should also be given to the spatial scaling errors of GPP products at middle and coarse spatial resolutions. In
consideration of the evident topographic errors caused by ignoring water redistribution, accurate estimation of soil moisture would improve
the quality of GPP products over mountainous areas, especially the products at high spatial resolutions.

Key words: remote sensing, gross primary productivity, mountain ecosystems, multiple spatial scales, topographic errors, spatial scaling
errors
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