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(b) Schematic of AMSR2 BT observation pattern over China
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Research area overview
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Table 1 Detailed information on experimental

data categories

AMSR2_L3 Brightness Temperature (BT) 10 km/d
Normalized Difference
MOD13A2 Vegetation Index (NDVI) 1 km/16 d
Enhanced Vegetation Index (EVI)
MCD12Q1 Land Cover (LC) 500 m/a
Digital Elevation Model (DEM)
Slope
SRTM 1 km/a
Longitude
Latitude
25 MODIS Land Surface Temperature (LST) 1 km/a

3 W5k

WME 207N, ARG REARHES AT 4 34> 2
AP (1) BErt=sICECAREE, (2) AMSR2 BT#L
WEIPRE A, (3) AMSR2 BT 32 f5 25 [H] P& R B
e, R8N IAEEAR AT I s DO HC AR AR 2 A
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Fig. 2 Reconstruction Framework Flowchart
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Fig. 3 Schematic diagram of valid pixels over three consecutive days
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Fig. 4 Schematic diagram of the simulated regions on August 15 (daytime) and January 12 (nighttime )
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Fig. 5 Detailed spatial information and difference maps for the three simulation regions
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Abstract: Brightness Temperature (BT) serves as a critical geophysical parameter reflecting the Earth’ s surface energy budget and holds
substantial significance in meteorological monitoring, climate change studies, and environmental remote sensing. The Advanced Microwave
Scanning Radiometer 2 (AMSR2) enables global, all-weather acquisition of BT data. However, because of orbital design constraints and
sensor-specific characteristics, the AMSR2 BT product suffers from orbital data gaps, which hinder its continuity and limit its effectiveness
in quantitative applications. This study aims to develop a robust reconstruction framework to address these data discontinuities and improve
the spatiotemporal integrity of AMSR2 BT datasets.

To reconstruct the missing orbital BT data, we propose a novel multidimensional model termed spatiotemporal-spectral random forest
(STSRF). The model integrates spatiotemporal patterns with generalized spectral features that characterize the nonlinear relationships
between BT and multiple environmental variables. Using the 2020 AMSR2 BT dataset over China as a case study, we separately constructed
training and validation datasets on a monthly basis for daytime and nighttime observations. Simulated data masking and real-missing data
scenarios were applied to evaluate reconstruction accuracy. Moreover, downscaling experiments were conducted before and after
reconstruction to assess the influence of data integrity on spatial detail restoration.

In the simulation experiments, the STSRF model demonstrated high reconstruction accuracy, with root-mean-square errors ranging
from 0.78 K to 2.21 K during the day and from 0.73 K to 2.35 K at night. Notably, the model achieved superior performance in high-altitude
regions. In real experiments, the spatial distribution of reconstructed BT closely matched original AMSR2 observations, showing no
discernible reconstruction artifacts. Downscaling evaluation revealed that the STSRF-based reconstruction significantly enhanced numerical
precision and spatial feature retention compared with the direct downscaling applied to incomplete datasets. The enhanced numerical
precision and spatial feature retention observed in the downscaling evaluation confirm the added value of gap filling prior to resolution
enhancement.

The proposed STSRF model effectively overcomes the limitations of traditional single-feature approaches by incorporating
multidimensional information, including temporal dynamics and environmental variability. It provides a reliable strategy for reconstructing
AMSR?2 BT orbital gaps while enhancing downstream data usability for high-resolution microwave remote sensing applications. The results
affirm that spatiotemporal and spectral feature fusion not only improves reconstruction robustness but also supports accurate and complete
environmental monitoring over large regions.

Key words: AMSR2 brightness temperature, orbital gap reconstruction, spatiotemporal spectral random forest, downscaling, environmental
variables
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