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Abstract 
Due to its special observation principle, GPS remote sensing atmospheric 
precipitation has the advantages of high time resolution and no weather con-
ditions, and has been widely used in the research field of atmospheric preci-
pitation. Using ground-based GPS precipitate water vapor data (GPS-PWV) 
and radiosonde-precipitate water vapor data (RS-PWV) that integrated by 
Radiosonde data, the error between GPS-PWV and RS-PWV in Tengchong is 
analyzed on its distribution of wet and dry seasons, also the difference be-
tween 00:00 UTC and 12:00 UTC. Results show that the RMSE of GPS-PWV 
and RS-PWV on both 00:00 UTC and 12:00 UTC are less than 5 mm, they 
correspond with each other well and their correlation coefficient is above 
0.95, additionally, GPS-PWV value is stable than RS-PWV value. On the 
whole, the value of GPS-PWV is slightly larger than RS-PWV. And the mean 
absolute error between them has higher values, 4.5 mm in 2011 and 4.7 mm 
in 2012 from May to October (local rainy season) and lower values, 2.8 mm 
in 2011 and 3.1 mm in 2012 in November to April (local dry season). Besides, 
the mean absolute error in the morning seems has a difference with its com-
ponent in the evening. Specifically, it is bigger on 12:00 UTC than on 00:00 
UTC and the mean absolute errors on 12:00 UTC of two years are 27% and 
11% larger than errors on 00:00 UTC respectively. The correlation of mean 
absolute error and surface vapor pressure, surface air temperature is ex-
amined in this study as well. We achieved that the correlation coefficient be-
tween mean absolute error and surface vapor pressure, surface air tempera-
ture equals 0.32, 0.37 separately. Diverse characters of mean absolute error 
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under different precipitation conditions are also discussed. The outcome is 
that the mean absolute error has a higher value on rainy days and a lower 
value on clear days. However, during the precipitation periods, it appears that 
the mean absolute error and the rainfall situation don’t agree with each other 
well, it is likely to change randomly. 
 

Keywords 
GPS-Derived Precipitate Water Vapor, Tengchong, Radiosonde Water  
Vapor, Mean Absolute Error, Seasonal Characteristics 

 

1. Introduction 

Water vapor is an important member of the atmospheric composition and is 
closely related to precipitation and surface air temperature (Zhai & Zhou, 1997). 
At present, the methods for detecting atmospheric precipitation are radiosonde, 
microwave radiometer, satellite remote sensing observation and GPS remote 
sensing observation. Due to its special observation principle, GPS remote sens-
ing atmospheric precipitation (hereinafter referred to as GPS-PWV) has the ad-
vantages of high time resolution and no weather conditions, and has been widely 
used in the research field of atmospheric precipitation. Since the 1990s, the 
ground-based GPS remote sensing observation of precipitation is carried out on 
a global scale. The accuracy of GPS-PWV (hereinafter referred to as RS-PWV) is 
usually tested by the sounding and precipitation (Root mean square error). The 
observation results of atmospheric precipitation in China’s first GPS meteoro-
logical test show that the results of GPS-PWV and RS-PWV are basically the 
same, and the accuracy is 5 mm (Wang et al., 1999; Li et al., 1999). The results of 
other similar studies are also generally consistent. Among them, the accuracy of 
GPS inversion in the Beijing-Tianjin region is 2.90 mm (Liang et al., 2003); the 
accuracy of GPS-PWV in Chengdu is 3.09 mm (Li et al., 2006). In general, the 
accuracy of GPS-PWV in China is mostly between 2 - 4 mm, while the accuracy 
in North America is about 1 - 2 mm (Duan et al., 1996); Japan is between 2.66 - 
3.70 mm (Ohtani & Naito, 2000). Although there are some differences in the 
ground-based GPS-PWV errors in different regions, the accuracy is generally 
less than 5 mm. It can be seen that the GPS remote sensing atmospheric precipi-
tation has higher credibility in the existing observation technology. 

At present, the GPS-PWV accuracy test and error analysis work in China has 
focused on the middle and lower reaches of the Yangtze River, North China, 
Central China and the West China Plain. The research on the ground-based 
GPS-PWV of the Qinghai-Tibet Plateau and its surrounding mountains is still 
rare. The study of atmospheric precipitation in the plateau and surrounding 
mountainous areas is mainly based on the sounding and precipitation. The re-
search on the atmospheric water circulation process in the plateau and sur-
rounding areas has an important place. The water vapor distribution, source and 
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transportation of the plateau have always been concerned. However, the conven-
tional sounding data is only twice a day, and the sounding station has little dis-
tribution in the plateau. However, the spatial and temporal distribution of at-
mospheric precipitation is complex and variable. The sounding distribution cha-
racteristics of the plateau and surrounding mountains cannot be fully revealed 
by relying on sounding data alone. In recent years, ground-based GPS stations 
established in the plateau and surrounding areas have provided new atmospheric 
precipitation data. The research shows that the GPS-PWV and RS-PWV results 
in the Qinghai-Tibet Plateau are in good agreement (Liang et al., 2007), espe-
cially in the eastern Tibet, GPS-PWV and RS-PWV have a high degree of fitting 
(Ma et al., 2016). 

Although GPS-PWV has high precision in many parts of China, it should be 
tested for accuracy and error when applying analysis for specific regions. Teng-
chong is located in the western part of Yunnan Province and is an extension of 
the southeast corner of the Qinghai-Tibet Plateau. It is also a transitional area 
with a humid and semi-humid climate (Zhang & Shen, 2008). The station also 
has sounding and GPS atmospheric precipitation data. Previously, there was lit-
tle error analysis of the GPS-PWV at Tengchong Station. In the only study, the 
data used was shorter. The study pointed out that the atmospheric precipitation 
of Tengchong station’s conventional sounding data points is close to the 
ground-based GPS remote sensing atmospheric precipitation. The difference 
between the two is (Yan et al., 2012), but it only made several comparison data 
in August 2010. Ren Juzhang et al. compared the GPS water vapor detection data 
of Yunnan Province with the three types of reanalysis water vapor data. The re-
sults show that the estimation of monthly average precipitation by reanalysis 
data is generally smaller than the GPS detection value (Ren et al., 2014). Howev-
er, it is not possible to prove the reliability of the precipitation in the plateau and 
surrounding areas estimated by reanalysing the data. In addition, studies have 
shown that there are seasonal variations, morning and evening differences in 
water vapor detection bias in the plateau (Liang et al., 2012), and there are some 
differences in different precipitation conditions (Xiang et al., 2009). The climate 
of Yunnan Province is affected by the East Asian monsoon and has significant 
dry and wet transition characteristics. In general, it is divided into rainy season 
from May to October, and dry season from November to April (Fu et al., 2010). 
In order to test the accuracy of Tengchong Station GPS-PWV and analyze its 
error characteristics, using the ground-based GPS remote sensing data of the 
platform and the sounding and precipitation data in 2011 and 2012, the seasonal 
distribution characteristics of GPS-PWV error, morning and evening differences 
are analyzed comprehensively, and the relationship between error and meteoro-
logical factors such as temperature and humidity is analyzed, and the distribu-
tion of error under the condition of precipitation is analyzed. 

2. Data and Methods 

The ground-based GPS remote sensing atmospheric precipitation data used in 
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this paper is the ground-based GPS site established by JICA (Japan International 
Cooperation Agency) project in Tengchong, Yunnan Province (25.02˚N, 98.50˚E, 
altitude 1635 m). Original GPS data provided, Data obtained from the calcula-
tion of atmospheric precipitation, temperature and relative humidity obtained by 
the Yunnan Institute of Meteorological Sciences (Sun et al., 2013); This paper uses 
the hourly atmospheric precipitation data from 2011 to 2012. Since the sounding 
data is twice daily (00:00 and 12:00 World Time), the simultaneous GPS-PWV is 
extracted for comparative analysis. The sample situation of GPS-PWV is shown 
in Table 1. The average rate of GPS-PWV is 22% in 2011, and the lack of mea-
surement is mostly in September-January, while the average rate of default in 
2012 is 13.5%, the time period with more missed measurements is distributed in 
February, May and September. The sounding data is the simultaneous sounding 
data (water vapor pressure data of each level) at Tengchong Station (25.01˚N, 
98.50˚E, altitude 1649 m) provided by the National Meteorological Information 
Center (Figure 1). The sounding of the atmosphere can be obtained by using the 
sounding data through the integral (Zhai & Zhou, 1997). The meteorological 
element data related to the GPS-PWV error is analyzed by the Yunnan Meteo-
rological Bureau. The daily ground temperature, ground humidity, relative hu-
midity and the hourly precipitation data of the Tengchong automatic station 
from 2011 to 2012 in Tengchong Station. 

In order to accurately compare the difference between the two water vapor 
detection results, the GPS-PWV error is calculated using GPS-PWV and 
RS-PWV at the same time. When calculating, the GPS-PWV at the time of the 
missing measurement is taken. The error is calculated as the average of the ab-
solute deviations of GPS-PWV and RS-PWV in different time periods. In addi-
tion, a synthetic analysis method is employed when analyzing the relationship 
between GPS-PWV error and temperature, humidity, and etc. Synthetic analysis 
method refers to a research method that uses various statistical comprehensive 
indicators to reflect and study the general characteristics and quantitative rela-
tionships of the overall socio-economic phenomena (Hua et al., 2007). The  
 

 
Figure 1. Tengchong’s location in Yunnan 
Province, China. 
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Table 1. Number of samples in 2011 and 2012 and different seasons. 

 2011 2012 

 00:00 UTC 12:00 UTC 00:00 UTC 12:00 UTC 

Full year (samples/days of the year) 287/365 281/365 314/366 320/366 

Rainy season (number of  
samples/days of rainy season) 

155/184 151/184 150/184 161/184 

Dry season (number of  
samples/dry season days) 

132/181 131/181 164/182 159/182 

 

variation coefficient of GPS-PWV and RS-PWV is expressed by the coefficient of 
variation coefficient CV. The CV is the ratio of the sample mean value to the 
standard deviation. The larger the CV, the larger the variable value of the varia-
ble data and the more unstable. Conversely, the variable data is stable. 

3. Results 
3.1. Daily Variation Characteristics of GPS-PWV and RS-PWV 

In order to investigate the daily variation characteristics of atmospheric precipi-
tation in Tengchong Station and verify the accuracy of the station GPS-PWV, 
the daily variation characteristics of GPS-PWV and corresponding time RS-PWV 
in 2011 and 2012 are analyzed. At 00 o’clock and 12 o’clock, both GPS-PWV and 
RS-PWV have consistent unimodal annual variation characteristics, both of which 
show that the atmospheric precipitation of the station has obvious seasonal vari-
ation characteristics, among them, From January to April, the amount of preci-
pitation is low, the growth rate is slow, and it starts to increase rapidly after May, 
and it reaches the maximum value of the whole year from June. The high value 
of precipitation can last until the middle and late October. Reduced, and re-
turned to the low period after November. After calculation, the correlation coef-
ficients of GPS-PWV and RS-PWV in 2011 and 2012 are both above 0.95, while 
the correlation coefficient of similar research in China is between 0.57 and 0.94 
(Li et al., 2006; Chen et al., 2009; Wang et al., 2014; Lu et al., 2014), indicating 
the GPS-PWV of Tengchong Station. RS-PWV has very good consistency. In 
addition, the accuracy of GPS-PWV for two years is no more than 5 mm at 00 
o’clock and 12 o’clock, that is, Tengchong station GPS-PWV is very close to 
RS-PWV and has high credibility. However, the annual average coefficient of 
variation of GPS-PWV at 0:00 and 12:00 is 0.54 and 0.49, respectively, while the 
RS-PWV is 0.59 and 0.57, respectively. During the high-value period (rainy sea-
son) and low-value period of atmospheric precipitation (dry) the coefficient of 
variation CV of the two seasons also has similar distribution characteristics 
(Table 2), that is, under the condition of high correlation, the change of 
GPS-PWV is more stable than that of RS-PWV. 

3.2. Seasonal Differences in GPS-PWV Errors 

There is still a certain difference between GPS-PWV and RS-PWV under the 
condition of high degree of coincidence, and this error is especially significant  
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Table 2. Distribution of annual coefficient of variation calculated for GPS-PWV and 
RS-PWV on 00:00 UTC and 12:00 UTC in 2011, 2012 and the seasonal value of it over 
their respective wet season and dry season. 

Water vapor years 
Full year Rainy season Dry season 

00 12 00 12 00 12 

GPS-PWV 
2011 
2012 

0.52 0.47 0.20 0.19 0.44 0.33 

0.56 0.50 0.27 0.24 0.41 0.35 

RS-PWV 
2011 
2012 

0.57 0.53 0.22 0.21 0.55 0.45 

0.60 0.58 0.30 0.27 0.54 0.50 

 
between May and October. It is indicated that the GPS-PWV error may have the 
same seasonal variation characteristics as the GPS-PWV itself. Previous studies 
have pointed out that there are seasonal variations in the detection of atmos-
pheric precipitation (Liang et al., 2012). In order to understand the seasonal var-
iation characteristics of GPS-PWV error in Tengchong Station, the monthly 
change of GPS-PWV error in 2012 at two moments with less measurement is 
analyzed. It can be seen from Figure 2 that there is a significant seasonal differ-
ence in the distribution of monthly mean error. Different from the unimodal 
annual variation of GPS-PWV, the monthly variation of error presents a bimod-
al characteristic, but Both are in the high value of the whole year between May 
and October (rainy season), and lower in the period of November to April (dry 
season); the situation is similar in 2011 (figure omitted). 

The GPS-PWV error statistics in the rainy and dry seasons (Table 3) show 
that the annual average monthly error of Tengchong’s GPS-PWV in 2011 is 3.7 
mm, of which the error in the rainy season is 4.5 mm, while the dry season is 
small. The error is 2.8 mm, but both GPS-PWV are larger than RS-PWV. The 
difference is that the altitude of the GPS station is lower than that of the sound-
ing station, so that the GPS remote sensing atmospheric precipitation is larger 
than the sounding precipitation; in the second rainy season, the atmospheric 
precipitation is more than the dry season, resulting in errors. It will also increase 
during the rainy season. The results of the T test show that the seasonal differ-
ence of the GPS-PWV error for two years has passed the significance test of α = 
0.05, indicating that the error does have significant dry and rainy season differ-
ences. 

3.3. The Difference between GPS and PWV Error 

In addition to the obvious seasonal differences in GPS-PWV, the study also 
pointed out that RS-PWV is 3 - 4 mm lower than GPS-PWV (Nakanura et al., 
2004), and is more obvious during the day (Wang & Zhang, 2008). Similarly, the 
detection of atmospheric precipitation in the Qinghai-Tibet Plateau has a signif-
icant daily variation: at 12 o’clock, it is greater than 00 (Liang et al., 2012). In 
order to test whether the error of GPS-PWV at Tengchong Station also has dif-
ferences between day and night, further statistical analysis was made. From the  
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Figure 2. Monthly variance of mean bias error between 
GPS-PWV and RS-PWV ((a) 00:00 UTC; (b) 12:00 UTC). 

 
Table 3. Distribution of mean error between GPS-PWV and RS-PWV over wet season 
and dry season in 2011 and 2012. 

Years 
Rainy season 

average 
GPS-PWV/mm 

Dry season average 
GPS-PWV/mm 

Rainy season 
average  

error/mm 

Dry season 
average 

e error/mm 

Annual average 
monthly  

error/mm 

2011 35.0 13.7 4.5 2.8 3.7 

2012 35.1 13.8 4.7 3.1 3.9 

 

two-year GPS-PWV and RS-PWV scatter relationship between 00 and 12 o’clock 
(Figure 3), it can be found that the distribution of GPS-PWV and RS-PWV at 12 
o’clock is more discrete than 00. 00 the goodness of fit (R2) at time and 12 
o’clock was 0.96 and 0.94, respectively. 

Further statistics on the average value of GPS-PWV and RS-PWV and various 
error distributions at various times in two years. From the results in Table 4, 
there are 12-hour (night) GPS-PWV and RS-PWV averages. The average preci-
pitation value when the value is greater than 00 (in the morning), that is, the 
atmospheric precipitation at night is higher than that in the morning, and the 
error at night is also higher than that in the morning, where the error at 12 
o’clock in 2011 is 27% larger than that at 00 o’clock. In 2012, it was 11% larger. 
In addition, the error of GPS-PWV at both moments shows a consistent positive 
deviation, that is, GPS-PWV is slightly larger than RS-PWV. Some foreign  
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Figure 3. Scatter distribution of GPS-PWV and RS-PWV ((a) 
00:00 UTC; (b) 12:00 UTC). 

 
studies have pointed out that there is a significant “dry deviation” in the atmos-
pheric precipitation of sounding detection in the plateau area (Takagi et al., 
2000; Liu et al., 2005) and similar results have been obtained here. It can be seen 
from the above analysis that the GPS-PWV error is also large in the period when 
the atmospheric precipitation is high, and vice versa; thus, the GPS-PWV error 
also has a certain difference between morning and evening. 

3.4. Relationship between GPS-PWV Error and Temperature,  
Humidity, etc. 

In addition to significant differences in precipitation during the rainy and dry 
seasons, temperatures are also significantly different. The study pointed out that 
temperature has a certain influence on water vapor detection error (Li & Li, 2011; 
Guerova et al., 2005; Cady-Pereira et al., 2008). Explain that in addition to water 
vapor itself, temperature is also the cause of seasonal differences in water vapor  
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Table 4. Distribution of mean and as well as the mean error, relative error between 
GPS-PWV and RS-PWV in 2011, 2012. 

 2011 2012 

Time 00:00 UTC 12:00 UTC 00:00 UTC 12:00 UTC 

GPS-PWV average/mm 24.08 25.81 23.26 25.28 

RS-PWV average/mm 20.38 21.18 20.19 21.16 

Average absolute error Bias/mm 3.20 4.44 3.62 4.09 

 
detection errors. It can be seen that the GPS-PWV error also has a certain rela-
tionship with the meteorological elements. To this end, each of the 30 samples 
with the largest and smallest errors between 00 and 12:00 in 2011-2012 was se-
lected for the synthesis analysis of environmental elements. The statistical results 
show that (Table 5), when both moments show that the GPS-PWV error is 
large, the corresponding temperature, surface water vapor pressure and relative 
humidity are relatively large, and the element value is small when the error is 
small. Moreover, the correlation coefficients of GPS-PWV error and ground 
water vapor pressure, temperature and relative humidity from 2011 to 2012 were 
0.37, 0.32 and 0.25, respectively, and all passed the significance test of α = 0.005. 
It can be seen that the most closely related factors related to GPS-PWV error are 
surface water vapor pressure and temperature. This paper further analyzes the 
specific correspondence between temperature, surface water vapor pressure and 
GPS-PWV error. 

For the sake of comparison, the GPS-PWV error at 00:00 and 12:00 for two 
years is averaged at 2˚C and 2 hPa, respectively, and the relationship between 
temperature and surface water vapor pressure is obtained. It can be seen from 
Figure 4 that at 00, the error rises steadily with the increase of surface water va-
por pressure. The 12-hour error fluctuates first with the increase of surface water 
vapor pressure. When the local surface water vapor pressure reaches about 14 
hPa, the error reaches the maximum value. Then began to decline; There is a 
similar trend for temperature (Figure 5), but the error increases more with in-
creasing temperature, the error seems to be more sensitive to changes in tem-
perature, and the upward trend is more complex, and overall, There is a positive 
correlation between the error and the surface water vapor pressure and temper-
ature, and the change trend at 12 o’clock is more complicated than that at 00. 
The reason may be that the water vapor at 12 o’clock and the temperature are 
higher than 00, and the impact on the water vapor detection error is even more 
Big. 

3.5. Characteristics of GPS-PWV Error in the Presence or Absence 
of Precipitation Days 

In addition to the above analysis of GPS-PWV error, some studies have pointed 
out that the GPS-PWV error is different under different water vapor conditions. 
Under the condition of precipitation day, the atmospheric precipitation of GPS  
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Table 5. Distribution of mean surface vapor pressure, air temperature and relative hu-
midity on highest values of mean error between GPS-PWV and RS-PWV and lowest 
ones. 

Meteorological element 
Surface water vapor 

pressure/hPa 
Air  

temperature/˚C 
Relative  

humidity/% 

00 hours GPS-PWV error is minimal 9.3 12.4 65.3 

GPS-PWV error is the largest 16.2 18.2 77.9 

GPS-PWV error is minimal 9.4 13.0 63.8 

GPS-PWV error is the largest 13.6 16.0 72.2 

 

 
Figure 4. Changes of mean bias error between GPS-PWV and RS-PWV with surface vapor pressure ((a) 00:00 UTC; (b) 12:00 
UTC). 

 

 
Figure 5. Changes of mean bias error between GPS-PWV and RS-PWV with surface air temperature ((a) 00:00 UTC; (b) 12:00 
UTC). 

 
remote sensing is 8.4% larger than that of sounding water vapor (Xiang et al., 
2009). The correlation between GPS-PWV and RS-PWV decreases on the day of 
precipitation, and it is increased without precipitation (Wang et al., 2014). In 
order to further analyze the distribution characteristics of GPS-PWV error of 
Tengchong Station under different precipitation conditions, according to the 
lack of GPS water vapor data, The water vapor detection errors in the rainy sea-
son with and without precipitation in 2011 and 2012 were analyzed and the rela-
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tionship with the corresponding temperature and surface water vapor pressure. 
Among them, there is a precipitation day based on the automatic station daily 
precipitation calculation time: the previous day 21:00 - the same day 20:00 defi-
nition of precipitation ≥ 0.1 mm when there is a precipitation day (Ding et al., 
2012). The error statistics of the precipitation days in the rainy season in 2011 
and 2012 are shown in Table 6. Among them, in the rainy season of 2011, the 
errors of the days with and without precipitation were 4.16 mm and 3.55 mm 
respectively; the errors of the days with and without precipitation were 5.37 mm 
and 3.65 mm respectively. The results in 2012 were similar. On the whole, the 
GPS-PWV error of the morning and evening of the precipitation is greater than 
that of the no precipitation day. This is consistent with the previous results, be-
cause the water vapor conditions are more abundant on the day of precipitation, 
the error will be too large. In addition, the corresponding temperature and sur-
face water vapor pressure analysis results show that the temperature difference 
between the presence and absence of precipitation is not significant, and the dif-
ference in surface water vapor pressure with or without precipitation is very ob-
vious. There are precipitation days in 2011 and 2012. The surface water vapor 
pressure was 13% and 27.5% larger than the average without precipitation, and 
both passed the significance test of α = 0.005. 

4. Discussion 

Because the GPS remote sensing data used in this paper has a short duration, the 
water vapor error of the longer-term scale is not analyzed, and the qualitative 
analysis can only reveal the average absolute error distribution and variation 
characteristics of GPS-PWV. Quantitative research on water vapor detection er-
ror needs to be extended based on the data samples and GPS-PWV data of other 
sites around the plateau. In addition, due to the lack of data, in the time range of 
data selection, only a few consecutive precipitation periods meet the conditions 
of this section. Therefore, only a single case is listed below to discuss the rela-
tionship between GPS-PWV error and precipitation. Although the relationship 
between the two can be revealed to some extent, on this basis, more detailed 
analysis should be done after the data expansion to complete the conclusion. 

Further understanding of the corresponding relationship between precipitation, 
atmospheric precipitation and GPS-PWV error, a specific analysis was made in 
2011 when a precipitation was concentrated. Figure 6 shows the GPS-PWV and 
hourly precipitation and the GPS-PWV error at the corresponding time from 
May 28 to June 13, 2011. It can be seen that the hourly precipitation and atmos-
pheric precipitation change are basically. It is positively correlated. In the period 
when precipitation occurs, the water vapor content is generally high, and before 
the period when precipitation is concentrated or precipitation is high, the water 
vapor is usually in the stage of rising accumulation, but sometimes the atmos-
pheric precipitation may not be high. Precipitation occurs because water vapor is 
only a necessary condition for precipitation, but precipitation itself is closely  
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Table 6. Distribution of mean bias error between GPS-PWV and RS-PWV on rainy days 
and clear days in 2011, 2012. 

 2011 2012 

Time 00:00 UTC 12:00 UTC 00:00 UTC 12:00 UTC 

Daily average error of  
precipitation/mm 

4.16 5.37 4.97 4.82 

Daily average error without 
precipitation/mm 

3.55 3.65 4.09 4.32 

 

 
Figure 6. Hourly series of hourly GPS-PWV and precipitation, mean bias error between 
GPS-PWV and RS-PWV, the average of GPS-PWV and mean bias error during May 28th 
and JUN 17th in 2011. (Column represents precipitation, solid line represents GPS water 
vapor, dashed line represents GPS mean water vapor, dotted line represents mean devia-
tion, and scattered points represent deviation). 

 
related to other physical conditions, such as ascending motion, convergent di-
vergence of water vapor, and physical processes of condensation. At the same 
time, the error of GPS-PWV also changes with the change of atmospheric preci-
pitation and precipitation. When there is more water vapor, it may be accompa-
nied by precipitation. At this time, the GPS-PWV error will be larger, higher 
than the average value of the whole period, and vice versa. 

5. Conclusion 

This paper analyzes the seasonal variation, early and late difference of GPS-PWV 
error between Tengchong 2011 and 2012, and its relationship with environmen-
tal factors such as temperature and ground humidity, error and atmospheric 
precipitation and precipitation. The main conclusions are as follows: 

Tengchong Station GPS-PWV has a good correspondence with RS-PWV. 
Both have consistent annual variation characteristics. Among them, the water 
vapor is high from May to October, and low from November to April. The ac-
curacy of GPS-PWV does not exceed 5 mm. GPS remote sensing atmospheric 
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precipitation data has high reliability in this area, and GPS-PWV is more stable 
than RS-PWV. 

The GPS-PWV error has obvious seasonal variation characteristics, in which 
the rainy season (May to October) has a large error, while the dry season (No-
vember to April) has a small error. 

The GPS-PWV error has a significant difference between morning and even-
ing. At 12 o’clock (night), the atmospheric precipitation is high. At 00 o’clock 
(morning), the atmospheric precipitation is lower, and the GPS-PWV error at 
night is larger than that in the morning. 

The error of GPS-PWV has a certain positive correlation with ground air 
temperature, surface water vapor pressure and relative humidity. When the error 
is large, the temperature, surface water vapor pressure and relative humidity are 
also large, and when the error is small, the opposite is true; it has the closest rela-
tionship with surface water vapor pressure and temperature. Both 00 and 12 
o’clock have an upward trend within a certain range, and the trend at 12 o’clock 
is more complicated. 

The error of GPS-PWV is obviously different under the condition of no pre-
cipitation, and the error of precipitation day is larger than that of no precipita-
tion day. In 2011, the error with and without precipitation was 4.16 - 3.55 mm, 
and the error in 2012 was 5.37 - 3.55 mm. 
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