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Motivation Interventions in GPS time series
- _ Any known interventions in GPS observations due to, e.g., antenna changes and/or radome changes, need to be
* Realistic and reliable Integrated Water Vapour (IWV) corrected for before we compare the GPS-derived IWV to the ones obtained from radiosondes and ERA-Interim. There are
trends can only be obtained from homogeneous IWV in total 6 GPS sites which have known hardware changes over the investigated time period. These changes are listed in
time series. Table 2 while Fig. 2 depicts the time series of monthly mean IWV difference for three sites in order to demonstrate the

. Systematic errors affecting the IWV time series, e.g. Interventions in the GPS time series for JONO, ONSA and SPTO.
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IWV trend estimation due to the lower multipath impact
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factor for trend uncertainties (Ning and Elgered, 2012).
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Table 2: Known GPS station-related changes and the corresponding Fig. 2: Time series of the monthly mean IWV difference (GPS—
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] estimated mean IWV differences caused by the intervention. ERA-Interim) for three sites: JONO, ONSA, and SPTO. Dark
lines are the mean of IWV difference, and red lines indicate the
date of the interventions.
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*S%ELL; 3 { » Table 3 presents the estimated trends together with the * Fig.3 (a) depicts the comparison of the trends between the
corresponding uncertainties. Offset corrections were radiosonde data and the ones given by the GPS data for two
implemented for all GPS sites with interventions. An overall different elevation cutoff angle solutions. Similar correlation
éug;gvall VE 2 result is that all estimated trends are positive (except one coefficients (0.71 and 0.74) are observed for the 10° and 25°
s yvasky W|tr_1 a very small negative value). It is clear that the solutions, respectively. In addltlon, the 25° solution gives a slightly
.Iokioisn/e/ estimated IWV trends are comparable to the trend lower root-mean-square (RMS) difference (0.15 kg/(m?-decade)).
- TUORK AMET . uncertainties, varying from 0.20 to 0.26 kg/(m?-decade), for The GPS trends were also compared to the ones obtained from
VAN all techniques. In addition we observe that the trend the ERA-Interim data (see Fig. 3(b)). A higher correlation
L andvste ONO VIS0 differences between the GPS data and the radiosonde data coefficient (0.9) and a lower RMS difference (0.09 kg/(m?-decade))
mo ®Visby 1 show no clear correlation to the site separation. are seen for the elevation 25°solution than the ones (0.53 and 0.18
kg/(m?-decade)) for the 10° solution.
o 20 0  Table 3 also shows standard deviation (SD) of the trends
Fig. 1: The 13 GPS sites (red stars) and the 7 radiosonde sites (from 0.11 to 0.21 kg/(m?-decade)) over all sites. The values * We also compared the GPS-derived IWV trends with a data
(brown dots). given by Ning and Elgered (2012) were 0.33, 0.41, and weighting to the trends obtained from radiosondes and ERA-
0.44 kg/(m:decade) for the GPS elevation 10° solution, the Interim. The results are shown in Fig.4 where the trend correlations
GPS d - elevation 25° solution, and radiosondes. The less and the RMS differences are in general slightly worse than using
ata processing consistence of the trends (large SD values) shown in Ning the GPS data without the elevation dependent weighting.
We have processed GPS data using two different and Elgered (2012) is because of the shorter time period of
elevation cutoff angles 10° and 25°, to estimate the the data (14 years) meaning that the trend shows more Ry (10%) =071 ok N[y
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Table 3: The estimated IWV trends from all data sets : _ : :
Fig. 4: Same as Fig. 3 but the GPS-derived trends were obtained from

Table 1: The models and parameters used for a standard the data processing applying an elevation-angle-dependent weighting.
GPS data processing.
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Conclusions

« The selection of mapping function and the use of the second-order ionospheric corrections are not critical when using GPS-derived IWV for estimating linear trends over decades.
- Elevation dependent weighting does not improve the agreements and gives the same relative performance when comparing the solutions with the two different cutoff angles.

« Using different elevation cutoff angles is a valuable diagnostic tool that can be used for validation purposes and detection of possible site problems, such as multipath impacts.

 When we use the GPS data to monitor the long-term change in the IWV, e.g., as linear trends, it is recommended to apply at least two different elevation cutoff angles in the data
processing. Ideally the IWV trends obtained from the two significantly different cutoff angle elevation solutions should be the same if there is no significant long-term changes in the
multipath impacts, or any other elevation dependent phenomena that affects the observations.
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