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Abstract

Air quality monitoring and forecasting has been a challenging problem for years. In
addition to traditional ground-based observational stations, in recent years there have
been more geostationary and polar orbiting satellite observations on air quality. However,
evaluation of performance of these observations is lacking, especially for the region of
southern China, which is rarely affected by severe sand/dust weather. In the spring of
2025, two events of sand/dust weather, one case of sand/dust spreading to southern China
in April and another case of sand/dust confining to northern China in May, provide a
good opportunity for detailed case study and examination of the performance of the tools.
The surface particulate matter (PM) concentration retrieved from a geostationary satellite,
Geostationary Korea Multi-Purpose Satellite—2B (GEO-KOMPSAT-2B, or GK2B), is stud-
ied by checking consistency with the analysis of two numerical models: the Copernicus
Atmosphere Monitoring Service model of the European Centre of Medium Range Weather
Forecast (ECMWF-CAMS) and Chinese Unified Atmospheric Chemistry Environment
model of the China Meteorological Administration (CMA-CUACE). The former shows
comparable PM concentration with satellite observations, while overestimation is found
with the latter. It is also found that there may be latitude dependence of the quality of the
satellite-based data. To further validate the satellite observation data, it is directly compared
with the ground-based station measurements in Hong Kong for the event in mid-April
2025, the performance of satellite data points near Hong Kong is generally satisfactory. For
polar orbiting satellite, there is information about the aerosol classification in addition to
aerosol optical depth, and the classification result is found to be reasonable by comparison
with ground-based observation, though some refinements appear to be necessary. The
geostationary satellite images provide high spatial coverage and frequently updated air
quality data, which are confirmed to be useful in monitoring the southward spread of
sand/dust weather to southern China which is a very rare event. The monitoring can be
both qualitative and quantitative. The performance of various monitoring and forecasting
tools is examined in details based on the cases. It also forms a reference for the use in
operation, and opens up a new era for air quality study for southern China.
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1. Introduction
There have been many attempts to estimate the surface particulate matter (PM) concen-

trations from satellite observations [1], however many of them focused on equipment using
visible to infrared channels, e.g., Advanced Himawari Imager (AHI) [2,3], Geostationary
Ocean Color Imager-I/II (GOCI-I/II) [4–8], Advanced Geosynchronous Radiation Imager
(AGRI) [9] and Visible Infrared Imaging Radiometer Suite (VIIRS) [10].

In recent years, additional equipment has been launched into space to provide ob-
servation, including a UV-Visible hyper spectrometer named Geostationary Environment
Monitoring Spectrometer (GEMS). There are literatures to discuss the challenges and op-
portunities in the air quality research and monitoring using satellites [11–14]. However,
studies on data performance mainly focused on the region of Korean Peninsula and rarely
on the region of southern China, including Hong Kong (Figure 1).

Figure 1. Location of Hong Kong at the black dot.

Monitoring of the aerosol concentrations (in the form of PM10 and PM2.5) upstream of
Hong Kong is important for the timely alerting of the possibility of reduced visibility within
the territory. The forecasting and timely alerting may be made from considering originating
region of the air parcel several days ahead (such as utilizing the forecast trajectory of air
parcel) and the aerosol concentration in that region. Over land, it may be possible to have
information about the aerosol concentration from air quality station measurements. With
the advancement of satellite technology, it is now possible to obtain in real time the PM10
and PM2.5 maps over extensive regions (covering both over land and sea areas) at least in
the daytime based on visible observation channels. However, the performance and validity
of the various tools remains unknown, especially to the forecasters on the operational
bench, until a real episode occurs.

At the Hong Kong Observatory (HKO), real-time PM10 and PM2.5 satellite-based
maps are recently available from the geostationary satellite covering East Asian region,
Geostationary Korea Multi-Purpose Satellite—2B (GEO-KOMPSAT-2B, or GK2B). In partic-
ular, the onboard GEMS provides high resolution maps of Aerosol Optical Depth (AOD) at
various wavelengths as well as aerosol concentrations at hourly basis during the day. In this
paper, the performance of the GEMS PM10 and PM2.5 maps are studied by considering two
episodes of sand/dust weather over continental China. In mid-April 2025, the sand/dust
originating from Mongolia was transported across the mountainous region over central



Appl. Sci. 2025, 15, 11745 3 of 17

and southern China, reaching the south China coastal areas, including Hong Kong. In early
to middle May 2025, numerical models for PM forecast that the sand/dust weather might
reach southern China again, but this time the sand/dust eventually stayed mainly over
central China. Therefore, a positive case and a negative case of sand/dust weather are
considered to study the performance of the satellite products, by comparing with numerical
model analysis as well as in-situ air quality measurements in southern China, including
Hong Kong. This paper conducts a detailed study for the rare events, thus also provides
forecasters a very first valuable reference for their use of the new tools in operation in
the future.

Polar orbiting satellites with special payload such as VIIRS onboard the NOAA-20
spacecraft are also useful for monitoring AOD and even the classification of the aerosol
type. The performance of NOAA-20 VIIRS for the above two sand/dust weather cases is
also studied in this paper for the completeness of reference to the cases, and demonstrate
the application of aerosol products for real-time assessment of air quality.

2. Materials and Methods
2.1. PM10 and PM2.5 Data Retrieval from GEMS of GK2B Satellite

GEMS mounted on-board of GK2B satellite is a UV-Visible hyper spectrometer that
can enable measurements of atmospheric aerosols and other gaseous pollutants such as
sulphur dioxide (SO2) and nitrogen dioxide (NO2), etc. The algorithm used to estimate
the ground-level PM10 and PM2.5 concentrations is based on a machine-learning model
developed by the National Institute of Environmental Research (NIER) of the Republic
of Korea. The model ingests GEMS’ various products including Aerosol Optical Depth
(AOD) and aerosol layer height, meteorological data from the Unified Model-Regional
Data Assimilation and Prediction System (UM-RDAPS), ground-based observation data
over South Korea, China and Japan, other auxiliary data (e.g., road density and population
density data) and applies the real-time learning (RTL) technique for deriving the ground-
level PM10 and PM2.5 concentrations. Detailed documentation of the algorithm can
be found in NIER’s website [15]. Similar studies [1,2,4,5] have been done in the past
using machine learning models incorporating meteorological variables, emission data and
topographic characteristics for estimating satellite-derived ground-level PM concentrations.

2.2. Analysis Data from Numerical Models

To evaluate the performance of satellite-derived PM10 concentration over China for
the two sand/dust events mentioned in Section 1, the GEMS derived PM10 concentration
over the East-Asia domain (10–50◦ N, 80–140◦ E) was compared with analysis fields of
PM10 concentration from two numerical models available from the Sand and Dust Storm
Warning Advisory and Assessment System Asian Regional Centre (SDS-WAS ASIAN-
RC) [16], which is an important source of information about the forecasting of sand/dust in
Asian region. The models include the Copernicus Atmosphere Monitoring Service (CAMS)
of the European Centre of Medium Range Weather Forecast (ECMWF) and Chinese Unified
Atmospheric Chemistry Environment (CUACE) of China Meteorological Administration
(CMA). In order to compare with the numerical model data at 0.5-degree resolution,
GEMS data were re-gridded and interpolated to a 0.5-degree grid by the nearest neighbor
method. Apart from qualitative comparison of satellite-estimated and model-analysed
PM10 concentration maps, the relationship between the satellite-estimated and model-
analysed values was also studied using scatter plots and linear regression analysis.
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2.3. Ground Measurement of PM Concentrations in Hong Kong

There is an air quality monitoring network in Hong Kong, China, operated by the
Hong Kong Environmental Protection Department (EPD) [17]. The network comprises
three roadside monitoring stations and fifteen general monitoring stations installed at
various locations of Hong Kong. These stations monitoring various air quality parameters
including the concentrations of PM2.5, PM10, SO2 and NO2, etc. In this paper, only the data
for hourly concentrations of PM10, PM2.5 and the ratio PM2.5/PM10 from the 15 general
stations are used. The remaining roadside stations are ignored in order to remove the
impact on data quality from local roadside conditions.

2.4. Ground Measurement of PM Concentrations in the Southern China

In order to assess the consistency between satellite-derived PM10 retrievals and
ground-based air-quality measurements within the southern China, two additional air-
quality measurement data in Guangdong, namely Guangzhou and Shaoguan, oeprated by
the China National Environmental Monitoring Centre, are also included in this study for
comparison between satellite derived values and ground-based measurements [18]. Data
for hourly concentrations of PM10 and the ratio PM2.5/PM10 are used in this study.

2.5. AOD and Aerosol Classification Based on NOAA-20 VIIRS

NOAA-20, launched in November 2017, operates in a 13:30 local-time Sun-synchronous
polar orbit. Its onboard VIIRS comprises 22 spectral channels. The channel M3
(0.436–0.454 µm), M4 (0.478–0.498 µm), M5 (0.545–0.565 µm) and M7 (0.662–0.682 µm)
are specifically tuned for aerosol retrievals, enabling stable monitoring of atmospheric
aerosols over bright surfaces and under low-light level conditions at night [19]. VIIRS data
are processed following a three-tiered workflow: (i) Raw Data Records (RDR); (ii) Sensor
Data Records (SDR); and finally (iii) Environmental Data Records (EDR). RDR are radio-
metrically calibrated and geometrically corrected to yield SDR. The SDRs are fed into the
Deep Blue algorithm to produce EDR-level data, e.g., AOD [20].

In the study we use the EDR product, AERDB_L2_VIIRS_NOAA20. We extract the
Aerosol_Optical_Thickness_550_Land_Ocean field (AOD550) for the atmosphere AOD [21],
and Aerosol_Type_Land_Ocean field for aerosol classification. For the latter, eight aerosol
types are resolved, including Background, Dust, Smoke, High Altitude Smoke, Pyrocumu-
lonimbus Clouds, Non-Smoke Fine Mode, Mixed and Fine Dominated [22]. The results are
also viewable from NASA Worldview website [23].

2.6. Data Comparison

After above observational and model data during the sand/dust weather episodes is
gathered from various sources, comparison is directly made to provide a comprehensive
picture of the episodes. The side-by-side comparisons, including extensive spatial map and
time-series at single location, are performed due to limited duration of observation from
two episodes, but are still sufficient to provide direct references to forecasters to view the
performance of various tools on these two events.

3. Results
3.1. Comparion Between GEMS Observation and Model Analysis

The first case is the sand/dust weather affecting southern China in mid-April 2025.
The period under consideration is 11–15 April 2025. The GEMS PM10 images are shown in
column (b) in Figure 2. Sand/dust originating from Mongolia on 11 April (top row) spread
southwards gradually and affected southern China on 14 and 15 April (the bottom two
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rows). As discussed in Chan et al. [24], the PM10 images are generally consistent with the
actual reports of sand/dust weather.

Figure 2. Comparison of PM10 concentration (µg/m3) between ECMWF-CAMS model analysis
and GK2B-GEMS satellite estimates during the period of 11–15 April 2025. Column (a) shows the
daily 00UTC 0.5-degree ECMWF-CAMS model analysis, while column (b) shows the GK2B-GEMS
satellite estimated values at 0045UTC (refer to legend next to column (b) for the colour scale). Column
(c) shows scatter plots of model-analysed PM10 concentration against the GK2B-GEMS estimates
interpolated to a 0.5-degree grid with values at different latitude ranges indicated by different colours
(refer to legend). The linear regression fit for all data pairs regardless of latitude range is indicated by
the solid line with the proportion of variance explained (adjusted R-squared value) shown, while the
dashed line is the identity line (y = x) for reference.

The first model under consideration is CAMS of ECMWF, with the analysis (T = 0 h)
shown in column (a) of Figure 2. Through qualitative comparison, the CAMS analysis
and the GEMS PM10 images are generally similar. More quantitative comparisons are
conducted by scatter plots, and the results are shown in column (c) of Figure 2. In each
scatter plot, in addition to the overall linear fit, values are stratified into different latitude
bands (indicated by different colours) to assess the relationship at different locations.
It appears that the surface dust concentration analysis has reasonable correlation with
GEMS-estimates of PM10, with the former a couple of orders magnitude higher at mid-
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latitudes and underestimating at lower latitudes when the sand/dust spreads southwards.
Nonetheless, the CAMS analysis seems to capture the overall pattern of the sand/dust and
this may form a solid basis for the forecast, which would be studied later in Section 3.3.

The second case is the negative sand/dust event in mid-May 2025, with the sand/dust
accumulating over central China and not managing to reach southern China. The period
under consideration is 7–11 May 2025, and the comparison results between GEMS and
CAMS are shown in Figure 3. The model analysis captures the persistence of sand/dust
over northern and central China, and the generally cleaner air with much lower dust or
PM10 concentration over southern China. The dependence of the comparison results on
latitude as shown in the case in April 2025 is observed again in the scatter plots in column
(c) of Figure 3, but in general, the two datasets have reasonable correlation, forming a solid
basis for the onward forecasts of the CAMS model.

Figure 3. Comparison of PM10 concentration (µg/m3) between ECMWF-CAMS model analysis
and GK2B-GEMS satellite estimates during the period of 7–11 May 2025 (refer to Figure S1 in
Supplementary Material for the comparison in the whole period of 4–12 May 2025). Column (a)
shows the daily 00UTC 0.5-degree ECMWF-CAMS model analysis, while column (b) shows the
GK2B-GEMS satellite estimated values at 0045UTC (refer to legend next to column (b) for the colour
scale). Column (c) shows scatter plots of model-analysed PM10 concentration against the GK2B-GEMS
estimates interpolated to a 0.5-degree grid with values at different latitude ranges indicated by different
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colours (refer to legend). The linear regression fit for all data pairs regardless of latitude range is
indicated by the solid line with the proportion of variance explained (adjusted R-squared value)
shown, while the dashed line is the identity line (y = x) for reference.

The results for the analysis of second numerical model CUACE of CMA are shown
in Figures 4 and 5 respectively for the two cases. For the case in April 2025 (Figure 4), the
model analysis manages to capture the southward spreading of the sand/dust, but the
analyzed magnitude appears to be generally on the high side. As such, in the scatter plots
(column (c) in Figure 4), the data points are concentrated near the vertical axis, stating
general over-estimation of model analysis with respect to satellite observations despite the
latitudes. Similar over-estimation is even clearer in the case in May 2025 (Figure 5). The dust
concentration over southern China is analyzed to be too high, and again the data points in
the scatter plots are concentrated near the vertical axis. Because of the over-estimation in
the analysis, the forecast values tend to be higher, especially over southern China (details
to be provided in Section 3.3).

Figure 4. Comparison of CMA-CUACE model analysis of surface dust concentration (µg/m3) and
GK2B-GEMS satellite estimates of PM10 concentration (µg/m3) during the period of 10–15 April 2025.
Column (a) shows the daily 00UTC 0.5-degree CMA-CUACE model analysis, while column (b) shows
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the GK2B-GEMS satellite estimated values at 0045UTC (refer to legend next to column (b) for the
colour scale). Column (c) shows scatter plots of model-analysed surface dust concentration against
the GK2B-GEMS estimates of PM10 concentration interpolated to a 0.5-degree grid with values at
different latitude ranges indicated by different colours (refer to legend). The linear regression fit for
all data pairs regardless of latitude range is indicated by the solid line with the proportion of variance
explained (adjusted R-squared value) shown, while the dashed line is the identity line (y = x) for
reference. For the sake of clarity, large values of surface dust concentration are omitted.

 
Figure 5. Comparison of CMA-CUACE model analysis of surface dust concentration (µg/m3) and
GK2B-GEMS satellite estimates of PM10 concentration (µg/m3) during the period of 7–11 May 2025.
(refer to Figure S2 in Supplementary Material for the comparison in the whole period of 4–12 May
2025) Column (a) shows the daily 00UTC 0.5-degree CMA-CUACE model analysis, while column (b)
shows the GK2B-GEMS satellite estimated values at 0045UTC (refer to legend next to column (b) for
the colour scale). Column (c) shows scatter plots of model-analysed surface dust concentration against
the GK2B-GEMS estimates of PM10 concentration interpolated to a 0.5-degree grid with values at
different latitude ranges indicated by different colours (refer to legend). The linear regression fit for
all data pairs regardless of latitude range is indicated by the solid line with the proportion of variance
explained (adjusted R-squared value) shown, while the dashed line is the identity line (y = x) for
reference. For the sake of clarity, large values of surface dust concentration are omitted.

When directly comparing the spatial distribution of PM10 concentration between
model analysis and satellite observation qualitatively on Figures 2–5, one may already
observe that CMA-CUACE has tendency of overestimation while ECMWF-CAMS shows a



Appl. Sci. 2025, 15, 11745 9 of 17

fair result. The better correlation of ECMWF-CAMS is also reflected by the generally higher
adjusted R-squared value as shown on the scatter plot.

3.2. Comparison Between GEMS Observation and Ground Measurement

The above is a study of the GEMS PM10 images in terms of their consistency with
model analyses. A more stringent test is the comparison of satellite PM10 data at a specific
location with the ground-based air quality observations. The air quality data observed
in Hong Kong, China are considered here. The time series of PM10 data measured at the
various stations are plotted as faint yellow curves in Figure 6 (upper panel). The mean value
is shown as a thicker yellow curve. For comparison, the GEMS PM10 data in the region
around Hong Kong (22.133–22.584◦ N, 113.816–114.517◦ E) is considered, and plotted as
box-and-whisker. The time series of both datasets in the whole mid-April sand/dust event
is shown in Figure 6 (upper panel). It could be seen that the two datasets are generally
consistent with each other from quantitative point of view. This is a very stringent test of
the accuracy of the GEMS PM10 data, and it is found to give satisfactory result.

Figure 6. Those curves in faint colours show the concentration of PM10 (upper panel), PM2.5 (middle
panel), and their ratios PM2.5/PM10 (lower panel) measured by fifteen air quality monitoring stations
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operated by the Hong Kong Environmental Protection Department (EPD) at various locations in
Hong Kong while those thicker curves indicate the corresponding mean values. It is observed that
GK2B-GEMS data around Hong Kong plotted as box-and-whiskers are generally consistent with
ground observations during the sand/dust event in mid-April 2025. Hong Kong Time (HKT) is 8 h
ahead of Coordinated Universal Time (UTC), i.e., HKT = UTC + 8 h.

Apart from PM10, the GEMS also has PM2.5 data and similar comparison is conducted,
as shown in the middle panel of Figure 6 for the case in April 2025. Again, both datasets
are consistent with each other on quantitative sense. The reason for considering both
PM10 and PM2.5 is because the ratio PM2.5/PM10 is found to have a good indication for
the assessment of sand/dust weather in Hong Kong, before the chemical speciation data
(which requires longer time for analysis) are available [25]. Previous study [25] suggested
that when there is a rapid rise in PM10 together with a drop in ratio PM2.5/PM10 below
0.5, it could distinguish the sand/dust from East-Asian sand/duststorms and particu-
lates generated by the local anthropogenic activity. The previous study suggest that the
ratio drop below 0.5 with a rapid As such, for the case in April 2025, the time series of
ratio PM2.5/PM10 from both the satellite and the ground observations is calculated and
shown in the lower panel of Figure 6. The overall trends of the two datasets are gener-
ally consistent. At least from this case study (a rare case of sand/dust weather in Hong
Kong), the satellite-based observations are useful in monitoring the southward spreading
of sand/dust, with the wide spatial coverage from the satellite, covering not only the land
but also over the ocean. The GEMS data is validated quantitatively, and thus provides
good hourly estimation of PM concentrations during the day on the location without
ground observation.

3.3. Performance of Numerical Model Forecasts

Model analysis would have significant impacts on the model forecast, which are
studied further in this section. Figure 7 shows the sand/dust event in April 2025, with
ground-based observations of PM10 (upper panel) from the stations Shaoguan (northern
Guangdong), Guangzhou (central to southern Guangdong) and Tung Chung in Hong Kong
(south China coast). For each station, the model values are obtained from the grid point
nearest to the site coordinates, (22.5◦ N, 114.0◦ E) for Tung Chung, (23.0◦ N, 113.5◦ E) for
Guangzhou, and (25.0◦ N, 114.0◦ E) for Shaoguan. The central panel of Figure 7 shows the
observed ratio PM2.5/PM10. For this sand/dust event in southern China, there was clearly
a sharp rise of PM10 concentration and a sharp fall of ratio PM2.5/PM10, indicating the
arrival of sand/dust from the north. Various model forecasts are shown in the lower panel
of Figure 7. Probably arising from the analysis, the CUACE model tends to over-forecast
the PM10 concentration, whereas CAMS forecast appears to give more reasonable values.

The results of the May 2025 event are shown in Figure 8. From the time series of
observed PM10 concentration and ratio PM2.5/PM10 (upper and central panels of Figure 8),
no sharp changes could be identified in this negative event, showing that the sand/dust
did not manage to reach southern China. The model forecasts are shown in the lower panel
of Figure 8. Again, the over-estimation of the analysis of CUACE may lead to over-forecast
by the same model, at least for Shaoguan. On the other hand, the performance of CAMS is
more reasonable.
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Figure 7. (a) Time series of observed PM10 concentration at Tung Chung (TC), Guangzhou (GZ), and
Shaoguan (SG) from 11–15 April 2025; (b) Corresponding time series of observed PM2.5/PM10 ratio;
(c) The 11 April 2025 00 UTC forecast of surface dust concentration by CMA-CUACE (solid lines) and
ECMWF-CAMS (dashed lines) at the grid points corresponding to the three locations. A logarithmic
scale is applied to illustrate variations across different order of magnitudes.

Figure 8. (a) Time series of observed PM10 concentration at Tung Chung (TC), Guangzhou (GZ), and
Shaoguan (SG) from 4–11 May 2025; (b) Corresponding time series of observed PM2.5/PM10 ratio;
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(c) The 4 May 2025 00 UTC forecast of surface dust concentration by CMA-CUACE and ECMWF-
CAMS at the grid points corresponding to the three locations. A logarithmic scale is applied to
illustrate variations across different order of magnitudes.

3.4. Events Observed by NOAA-20 VIIRS

Above results show comparison results among numerical models, geostationary satel-
lite GK2B and ground stations. It is known for years polar-orbiting satellites could also
supplement detailed observations for the events, including AOD and aerosol classification.
For sake of completeness and a holistic view of the episodes, the information retrieved
from NOAA-20 VIIRS is also provided below for further reference, despite its low update
frequency in nature.

The AOD maps from NOAA-20 VIIRS for the sand/dust event of April 2025 are shown
in Figure 9. It is noted that a non-linear scale is adopted in such images. From 11–14 April
2025, the area with higher AOD spread southwards gradually, starting from Mongolia
(11 April), to central China (13 April) and eventually reaching southern China (14 April).
Unfortunately, during the propagation of sand/dust to the coast of southern China in
12–13 April, the region was cloudy so AOD data was not available. The trend of higher
AOD movement is generally consistent with the ground-based reports [24] and the PM10
concentration maps from GEMS as discussed earlier in this paper.

Figure 9. AOD at 550nm from 11 to 14 April 2025 observed by NOAA-20 VIIRS. Region of high AOD
was observed to spread southwards gradually, similar to the PM10 concentration from GK2B-GEMS.

In contract to GK2B-GEMS observation, NOAA-20 VIIRS still has its own value to
provide additional detailed information of the aerosol classification. Figure 10 illustrates
the aerosol classification maps in the case in April 2025. In general, it was sand when the
sand/dust weather originated from Mongolia on 11 April 2025. On its way to the south,
it was taken to be dust (brown) or mixed type (yellow) on 13 and 14 April 2025. Such
classifications appear to be reasonable. However, on 13 April 2025, there were some tiny
areas of smoke (red). It appears that some fine tuning of the classification algorithm is still
required, as there were no smoke reports over central China at that time.
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Figure 10. Aerosol classification from 11–14 April 2025 observed by NOAA-20 VIIRS. The type over
the coastal region of southern China changed from fine particulate (green) to dust (brown) during
the episode.

The transition of aerosol types over the coast of southern China from fine particulates
and dust during episode proves the usefulness of polar-orbiting satellite observation. It
matches with the picture given by the derivation from PM10 concentration observation.

For the case in May 2025, the area with higher AOD values is mainly confined in
northern China (Figure 11). The southern China is generally clean in terms of air quality,
with rather low AOD. The aerosol classifications as shown in Figure 12 are also reasonable.
Dust is analyzed over northern China. The southern China is so clean that the aerosol is
classified as background. In fact, the PM10 and PM2.5 remain at rather low values over
Guangdong and Hong Kong on 12 May 2025.

Figure 11. Cont.
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Figure 11. AOD at 550 nm on 5 and 12 May 2025 observed by NOAA-20 VIIRS. High AOD region
was confined to northern China and did not affect southern China.

Figure 12. Aerosol classification on 5 and 12 May 2025 observed by NOAA-20 VIIRS. Dust (brown)
was confined to northern China. The southern China is so clean that the aerosol was classified as
background on 12 May 2025.
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4. Conclusions
With the advancement of satellite technology, various satellite images on environ-

mental monitoring, such as the concentrations of PM10 and PM2.5, AOD and aerosol
classification, become available in real-time. This paper summarizes the performance of
these satellite observations through a positive event and a negative event of sand/dust
weather over southern China respectively in April and May 2025, and provides a valuable
reference to the forecasters for the use of tools in future.

GK2B-GEMS observation of PM concentration over East Asia is compared with two
numerical models: ECMWF-CAMS and CMA-CUACE. The former successfully captures
the pattern of the sand/dust events in reasonable agreement with satellite observation,
while the latter tends to overestimate the PM concentrations.

Quantitative comparison with the ground-based air quality measurements is also
made for GK2B-GEMS observation. Using the PM concentrations measured by the air
quality monitoring stations in Hong Kong in the event of mid-April 2025 as a ground-truth,
the GK2B-GEMS data is found in good agreement with the ground-based measurement. It
justifies the satellite data to be taken as “truth” in an extensive domain, especially for the
region without ground-based measurement, and to provide a useful tool in assessing the
performance of model analysis. Satellite observation provides a basis to further study the
model forecasts on sand/dust weather. ECMWF-CAMS model is found to have reasonable
performance in forecasting the arrival of sand/dust to southern China by comparison with
ground-based measurement at Tung Chung, Guangzhou and Shaoguan, though latitude
dependence in the quantitative comparison is observed. On the other hand, CMA-CUACE
remains the tendency of overestimation.

Though geostationary satellite images provide wide temporal coverage and frequently
updated information about PM10 concentration (hourly update during the day from GK2B-
GEMS) in extensive spatial domain, the polar orbiting satellite images are still useful in
providing detailed information, e.g., aerosol classification, for diagnosing the air quality.
Such aerosol classification information is found to be generally reasonable in the two events
as discussed in this paper.

The above study presents a data comparison among satellite observation, ground-
based measurement and numerical models for the sand/dust events in April and May 2025.
Southward spread of sand/dust weather to southern China is rare, this paper takes the
initiative to analyze the rare events in details using the results of satellite advancements in
recent years, and provide a holistic view and references to forecasters for using GK2B-GEMS
and ECMWF-CAMS in future operation. In long term, more satellite observational data on
air quality will be acquired to conduct a comprehensive quantitative study, including the
statistical verification of latitude dependence of PM10 concentration. On the other hand,
the biomass burning activities in the southeast Asian regions often bring impact to the
southern China in springtime, for example the sudden drop in upper-air dew point as
observed from radiosonde [26]. It will be an interesting topic to test the performance of the
satellite data from another perspective.
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(µg/m3) for each day during the period of 4–12 May 2025.
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