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Text S1 Calculation of the modelled NH3 columns by applying satellite AVKs to GEOS-CF NH3
profiles

In this study, GEOS-CF model data were used as a consistent and comparable reference to account for the vertical
sensitivity of the satellite retrievals. The satellite retrievals operate on different vertical layers (GIIRS: ~12 layers; IASI: ~14
layers; CrIS: ~14 layers). The GEOS-CF NHj profiles collocated with the satellite observations were interpolated onto the
instrument-specific retrieval layers. The GEOS-CF NH; profiles were initially interpolated onto each instrument’s retrieval
grid. Subsequently, the profiles were converted to total columns by using the satellite averaging kernels (AVKs) and a priori

profiles according to the following equation:

Pasar = ) A5 (MF* = B,) + B
z
where M}°%! represents GEOS-CF NHj profiles that have been interpolated onto the satellite-retrieved layer (z), A5% is the
satellite AVSs, B, is the a priori profile used in the retrieval algorithm, and B corresponds to the total column associated with
B,. The resulting modelled NHs3 columns M g ¢4, are hereafter referred to as GEOS-CFa, cirs, GEOS-CFak. airs, and GEOS-

CFak, airs for GIIRS, TASI, and CrIS, respectively. As shown in Fig. S1, the a priori profile used in the IASI retrievals follows
the method described in Clarisse et al., (2023), which provides only the vertical profile shape. In the calculation for IASI, B,

is assumed to be zero.
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Figure S1. Comparison of AVKSs and a priori profiles from GIIRS, IASI, and CrIS, along with NH3 profiles from GEOS-CF. Panels
(a) and (b), and (c) and (d) show two example retrievals over the Al area in the North China Plain on 9 June 2024 and 14 June 2024,
respectively. (a) is satellite’s AVKSs from GIIRS and IASI. (b) is the a priori profile from GIIRS and IASI, and GEOS-CF NH; profile
that have been interpolated onto GIIRS’ retrieved layers. (c) is the a priori profile from CrIS at the corresponding rows of AVKs.
(d) is similar to (a) but for GIIRS, CrIS, and GEOS-CF without interpolating. For GIIRS, retrievals are performed below 200 hPa,

and a single a priori profile is applied to all observations, in which the lowest layer is adjusted by interpolating to the surface pressure

obtained from ERAS.
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Figure S2. The valid data points of satellite NH3 retrievals from July 2022 to June 2025 for GIIRS and IASI, and from July 2022 to
April 2025 for CrIS at a spatial scale of 0.5°%0.5° grid.
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Figure S3. Three-year mean NH3 columns retrieved from FY-4B/GIIRS observations between July 2022 and June 2025. The maps
are displayed on a 0.5° x 0.5° grid at two-hour intervals, starting at local solar times of 07:00, 09:00, 11:00, 13:00, 15:00, and 17:00.
Grid cells with less than 10 data points were excluded. The dashed boxes denote regions exhibiting localized enhancements of NH3
columns: the Ningxia Irrigation Plain (S1), the Wei River Plain (S2), the Jianghan Plain (S3), and oasis agriculture in the arid regions
of Xinjiang (S4), the central Deccan Plateau in India (S5), the Mekong Delta in Vietham (S6), the Chao Phraya River Plain in
Thailand (S7), and the Fergana Valley in Uzbekistan (S8).
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Figure S4. Comparison of the modelled NH3 columns derived using satellite AVKs smoothing and those calculated without applying
the AVKs over the North China Plain and the Northeast China Plain (30°—43°N, 110°-125°E) in June 2024. The data pairs are within
the same grid cells and overpass times. (a) and (b) show the comparison of modelled NH3 columns at morning overpass times after
AVK smoothing for GIIRS and IASI, respectively, with the original total column values. (¢) and (d) are similar comparisons at
afternoon overpass times for GIIRS and CrlIS, respectively. (e) and (f) show cross-comparisons between modelled NH3 columns
smoothed using different satellite AVKs.
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Figure S6. Monthly variations of NHs columns derived from GIIRS (July 2022—June 2025) for eight agricultural source areas.
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86 Figure S6 (continued). Monthly variations of NH3 columns derived from GIIRS (July 2022—June 2025) for eight agricultural source

87 areas.
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93 Figure S7. Monthly backgrounds of NH3 columns derived from predefined regions using GIIRS (daytime overpass times, 7:00—19:00
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Figure S15. Diurnal NH3 variations in May and June 2025 from GEOS-CF model in the major agricultural areas.
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150 Northeast China Plain.
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152 Figure S17. Spatial pattern of NH3 columns from GEOS-CF model in May and June 2025 over the Sichuan Basin.
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154  Figure S18. Spatial pattern of NHs columns from GEOS-CF model in May and June 2025 over the Indo-Gangetic Plain.
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162  Figure S20. Spatial pattern of GEOS-CF AVK-smoothed model data in May and June 2025 over the North China Plain and the

163 Northeast China Plain.
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166 Figure S21. Spatial pattern of GEOS-CF AVK-smoothed model data in May and June 2025 over the Sichuan Basin.
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169  Figure $22. Spatial pattern of GEOS-CF AVK-smoothed model data in May and June 2025 over the Indo-Gangetic Plain.
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