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Abstract: The ground-based global navigation satellite system meteorology (GNSS/MET) water vapor observation network has become
an important part of China's integrated meteorological observation system. However, there is still a considerable gap between China's
network layout and those of developed regions or countries such as Europe, the United States, and Japan. And, it has not yet met the
WMO's recommended coverage for meso- and micro-scale weather systems. Furthermore, the performance of observation instruments
needs to be further improved to enhance its anti-electromagnetic interference ability and signal capture and tracking capabilities. With the
promulgation of the national policy promoting the large-scale application of the Beidou navigation satellite system (BDS) in key sectors

such as meteorology, this paper discusses how to construct, deploy, and develop this network, and how to maximize its value by
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leveraging the strengths and characteristics of the meteorological departments. To address these issues, this paper reviews the progress in
the construction of domestic ground-based GNSS/MET water vapor observation networks since 2008 and elaborates on the current
challenges it faces. The ground-based GNSS/MET water vapor observation network in China has developed rapidly, with the number of
stations increasing from 87 in 2008 to more than 1 000 by the end of 2024. The total number of stations is expected to exceed 2 300 by the
end of 2025. More than 1 650 stations will be equipped with BDS signal receiving technology and achieve integrated monitoring of
atmospheric parameters in both the troposphere and ionosphere. In eastern China, the average distance between stations will be 50-80 km,
while in the western regions, it will be about 100 km. Currently, a relatively complete observation quality control procedure and the
indices for the observation data have been established, with the uncertainty of precipitable water vapor (PWV) operational products being
less than 2 mm, meeting the requirements of the optimal cost-effectiveness indicators proposed by World Meteorological Organization
(WMO). These products have played a significant role in operational numerical weather prediction, weather diagnosis, and other
meteorological services. Finally, this paper gives a perspective on the upgrade, optimization, and product applications of the network. This
study can provide valuable reference basis for the development of the ground-based GNSS/MET water vapor observation network in

China.
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Fig. 1 Annual variations of the total number of ground-based GNSS/MET

water vapor observation stations in China from 2008 to 2024
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Fig. 2 Spatial distribution of the ground-based GNSS/MET water vapor observation stations (shown by solid dots) in China
in (a) 2010, (b) 2015, (c) 2020, and (d) 2024
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Fig. 3 New generation ground-based GNSS/MET station at Qinzhou in
Guangxi province (The lightning rod is located to the north, and the

weather instrument is located to the south)
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Table 1 Comparison of the ground-based GNSS/MET station density between China and developed regions or countries in the world
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Table 2 Quality control indicators and requirements for water vapor observation from the ground-based GNSS/MET stations in China
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Fig. 4 Flowchart of quality control of the ground-based GNSS/MET water vapor observation in China
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Fig. 5 Distribution of (a) data integrate rate, (b) data validity rate, multipath errors at (c) L1 frequency and (d) L2 frequency, carrier-to-noise ratios at (e) L1 frequency
and (f) L2 frequency, (g) cycle slip, and (h) ZTD formal error of China's Ground-based GNSS/MET observation data at 02:00 UTC on November 20, 2024
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Fig. 6 The (a, b) average deviations and (c, d) root mean square errors of (a, ¢) ZTD and (b, d) PWV between ground GNSS/MET observation

and ERAS reanalysis data in China
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Fig. 8 Forecast scores of 3-h accumulated precipitation by CMA-MESO
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