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Fig. 1 Quality control framework for in situ observation data in

remote sensing validation
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Fig. 2 True—color composite image (bands 4-3-2)of Huailai

Station from Landsat 8
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R ZE/(°E) LE/(C°N)
HH1 115.7903 40.35093
HH2 115.7922 40.34953
HH3 115.7887 40.34929
HH4 115.7902 40.34866

LH 115.7956 40.35059
SS 115.7947 40.35169
YS 115.7948 40.34846
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Table 3 Quantitative metrics of spatial representativeness in the study area during the experimental period

Ep H ) P fH T 1 HBH i FIfH RSN
2020-06-04 7.21E-05 4.41E-05 1.16E-04 49.584 0.16779 6.4228
HH1 2020-07-15 2.17E-05 7.50E-05 9.67E-05 67.527 0.15923 6.1754
2020-11-02 6.31E-06 2.55E-04 2.61E-04 119.260 0.16710 9.6710
2020-06-04 7.79E-05 8.96E-05 1.68E-04 89.835 0.16323 7.9296
HH2 2020-07-15 1.79E-05 2.09E-04 2.27E-04 93.721 0.15894 9.4781
2020-11-02 7.11E-06 9.73E-05 1.04E-04 93.393 0.15982 6.3949
2020-06-04 6.50E-05 1.03E-04 1.68E-04 116.250 0.16180 8.0201
HH3 2020-07-15 2.57E-05 9.34E-05 1.19E-04 84.771 0.15967 6.8342
2020-11-02 5.95E-06 1.36E-04 1.41E-04 111.060 0.16382 7.2612
2020-06-04 5.24E-05 1.20E-04 1.73E-04 73.851 0.16152 8.1331
HH4 2020-07-15 2.98E-05 1.78E-04 2.08E-04 97.062 0.16128 8.9376
2020-11-02 4.84E-06 9.02E-05 9.51E-05 104.150 0.16026 6.0841




2 gttt 5 ¢ T ) B R AL S A 0 7 TR UL R e s S AR AR 673
gk

R H b P fH Ptk 5 {8 e o8] AR SR ESEES
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LH 2020-07-15 1.04E-05 9.50E-05 1.05E-04 60.699 0.15322 6.7001
2020-11-02 1.53E-05 9.59E-05 1.11E-04 73.446 0.15800 6.6743
2020-06-04 3.78E-05 9.46E-05 1.32E-04 31.620 0.16617 6.9235
SS 2020-07-15 8.52E-06 7.18E-05 8.03E-05 61.117 0.15326 5.8481
2020-11-02 1.39E-05 1.59E-04 1.73E-04 90.989 0.15763 8.3530
2020-06-04 5.85E-05 7.92E-05 1.38E-04 50.537 0.15951 7.3581
YS 2020-07-15 1.11E-05 2.10E-04 2.21E-04 80.844 0.15650 9.4953
2020-11-02 1.50E-05 8.46E-05 9.96E-05 108.570 0.15206 6.5641
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Abstract: In situ observation data serve as the primary source of pixel-scale reference truth for the validation of remote sensing products
and play a crucial role in remote sensing modeling, parameter inversion, and products quality assessment. Reliable validation depends on the
availability of in situ observations that are not only accurate but also representative of the spatial and temporal characteristics of coarse scale
remote sensing pixels. Over recent decades, numerous in situ observation networks and datasets have been established worldwide. Despite
these advances, the quality of in sifu observation data remains a major limiting factor in remote sensing validation. Various sources of
uncertainty introduced during data acquisition, transmission, and processing may degrade data reliability and propagate errors into truth
value and products validation results. Therefore, Quality Control (QC) is essential to ensure the accuracy, reliability, and applicability of
in situ observation data. The objective of this study is to systematically review the major sources of error affecting in situ observation data
and to summarize existing quality control and evaluation methods for in situ observation data in remote sensing validation.

This study systematically reviews the major sources of error and existing problems in in situ observation data for remote sensing
validation. On this basis, existing quality control and evaluation methods are reorganized and summarized from six key dimensions: data
standardization, completeness, timeliness, accuracy, consistency, and spatiotemporal representativeness, forming a structured quality control
framework oriented toward remote sensing validation. To demonstrate the practical application of the reviewed methods, land surface albedo
is selected as a representative variable, and typical validation studies are examined to illustrate how quality control and evaluation
procedures are applied to mitigate instrumental, measurement, and representative errors.

The study indicates that quality control of in situ observation data for remote sensing validation currently faces two major challenges.
First, the multisource and heterogeneous characteristics of in situ observation datasets, including differences in instruments, observation
protocols, data formats, and sampling strategies, complicate unified processing and automated quality assessment. Second, a unified and
systematic quality control framework specifically designed for remote sensing validation is still lacking, resulting in fragmented methods
and inconsistent evaluation criteria across different datasets and applications. In addition, representative errors caused by scale mismatches
between in situ observations and satellite pixels remain a major source of uncertainty. By synthesizing existing studies, this paper provides a
comprehensive overview of quality control and evaluation methods for in sifu observation data, clarifying their roles in mitigating
instrumental errors, measurement errors, and representative errors, as well as their applicability and limitations in pixel-scale validation.

For remote sensing validation, quality evaluation should place particular emphasis on the spatiotemporal representativeness of in situ
observations at the pixel scale, taking into account in situ sites distribution, surface heterogeneity, variable characteristics, and temporal
coverage. By systematically summarizing quality control methods and framework for in sifu observation data, this review provides a
reference for standardized data processing and quality evaluation, thereby supporting more reliable and scientifically robust pixel-scale
validation of remote sensing products.

Key words: in-situ observation data, remote sensing products, validation, error, quality control, land surface albedo
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