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Abstract

This study assesses the consistency of total column ozone (TCO) measurements from ground-based Dobson, Brewer, and
Pandora instruments for validating TCO products from the Geostationary Environment Monitoring Spectrometer (GEMS).
Strong agreement is found between Pandora and the established reference instruments, with root mean square errors of 1.88-
2.08% and standard deviations of 1.97-2.95%, and no significant long-term drift during 2021-2025. Compared with Pandora
observations, GEMS exhibits a systematic negative bias of approximately 5%, attributable to residual radiometric calibration
uncertainties in Level-1 processing.. The bias shows a weak dependence on latitude and observation time, indicating a stable
temporal performance. Furthermore, during a springtime event characterized by a pronounced latitudinal gradient, GEMS
successfully reproduced the spatiotemporal distribution of TCO in close agreement with Pandora measurements. These
findings establish the Pandora network as a robust reference framework for ongoing validation and long-term quality
assessment of the GEMS TCO record.
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Fig. 1. Spatial distribution of ground-based stations within the GEMS domain (75°E-150°E, 10°S-45°N) used in this paper:
(a) locations of Pandora sites and (b) locations of Dobson(black triangles) and Brewer(red squares) stations. In
panel (a), Pandora sites co-located either Dobson or Brewer are highlighted with pink symbols.
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Fig. 2. (a) Correlation plots between total ozone measured by Dobson and Brewer at Tsukuba from January 2021 to July
2025, including all-sky observations. Direct sun and Zenith-sky observations are shown separately in (b) and (c),
respectively. The legend lists the number of coincident measurements (N), the correlation coefficient (R), and the

mean bias (MB), with its 1-0 standard deviations (SD) derived from both relative (%) and absolute (DU) differences.
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Table 1. Specifications and locations of ground-based ozone monitoring sites within the GEMS domain
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Station name Instrument Period Lat. Lon. Elv.(m) Country
Busan Pandora 2021.03~2025.11 35.24 129.08 71
Seoul Dobson 1984.05~2024.03 37.57 126.95 84
Pandora 2021.01~ 37.56 126.93 86
Seoul-SNU Pandora 2019.02~ 37.46 126.95 116
Ulsan Pandora 2019.03~2024.10 37.57 129.19 38
Seosan Pandora 2020.11~ 36.78 126.49 25 South Korea
Incheon-ESC Pandora 2021.04~ 37.57 126.64 6
Yongin Pandora 2023.06~ 37.34 127.27 122
Daegu* Pandora 2024.10~ 35.89 128.61 44
Seoul-KU* Pandora 2024.04~ 37.59 127.03 90
Brewer 2022.07~2025.10 43.07 141.35 46
Sappro
Pandora 2022.03~ 43.07 141.35 46
Dobson 1957.06~2025.07 36.06 140.13 25
Tsukuba Brewer 2018.02~2025.07 36.06 140.13 25
Pandora 2021.04~ 36.07 140.12 51
Tsukuba-NIES-WEST Pandora 2022.01~ 36.05 140.12 30
Tsukuba-NIES Pandora 2021.08~ 36.05 140.12 45 Japan
Tokyo-TMU Pandora 2021.12~2025.12 35.62 139.38 135
Tokyo-Sophia* Pandora 2023.07~ 35.68 139.73 45
Yokosuka Pandora 2018.11~ 35.32 139.65 5
Fukuoka Pandora 2011.11~ 33.55 130.37 55
Nagoya Pandora 2022.01~ 35.15 136.97 117
Kobe* Pandora 2022.02~ 34.72 135.29 23
Dalanzadgad Pandora 2022.05~ 43.58 104.42 1466 Mongolia
Dhaka Pandora 2022.12~2025.10 23.73 90.40 34 Bangladesh
Singapore-NUS Pandora 2023.06~ 1.30 103.78 77 Singapore
Palau Pandora 2022.08~ 7.34 134.47 23 Palau
Bangkok Dobson 1979.11~ 13.67 100.61 53 Thailand
Pandora 2021.05~ 13.79 100.54 60
Vientiane Pandora 2023.06~ 18.00 102.58 169 Vietnam
Nainitai-AIRES Pandora 2024.01~2025.06 29.36 79.46 1978 India
Xianghe Dobson 1979.01~ 39.75 116.96 15 China
Hanoi Brewer 2012.11~ 21.02 105.81 69 Vietnam
Pandora 2024.12~2025.09 21.06 105.75 22
Taipei Brewer 1985.07~ 25.04 121.51 22 Taiwan

Note: The station list and operational status are as of Jan. 23, 2026

*Site used only for the case study on 28 March 2025
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Fig. 3. Frequency distribution (blue bars) of relative differences (%) in total ozone between Dobson/Brewer and Pandora
measurements for (a) Seoul, (b) Sapporo, (c, d) Tsukuba, and (e) Bangkok. A bin width of 0.5% is used. The red
curves represent Gaussian fits derived from the mean and standard deviation of the relative differences.

Table 2. Comparison metrics, including the number of samples (JV), correlation coefficient (X&), slope of the regression
line, Mean Bias (M B), and standard deviations (SD) for Sapporo (Brewer-Pandora) and Seoul (Dobson-Pandora)

Sapporo (Brewer - Pandora)

Seoul (Dobson - Pandora)

Slope
MB (%)
SD (%)
SZA (°)

153
0.96
1.17
3.57
2.81

40.67

JJA SON
170 216
0.97 0.95
1.05 1.18
1.82 6.11
2.38 2.94
37.00 54.83

DJF

225

0.94
0.94
8.49
3.57
63.95

MAM JJA SON
192 74 130
0.97 0.96 0.97
1.03 1.03 1.03

-0.05 0.50 211
2.28 253 1.47

33.77 34.50 50.40

DJF
150
0.99
1.02
1.93
1.867
57.29
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2.1.3. GEMS
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Fig. 4. Time series of total column ozone from Dobson (Blue) and Brewer (Red) direct-sun measurements at Seoul
(a), Sapporo (b), Tsukuba (c, d), Bangkok (e), and Hanoi (f), overlaid with Pandora observations (grey).
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