
Dear reviewer, 

Thank you for your valuable comments. The commentary concerns the evaluation of the ray 
tracing delay models via GNSS data processing. In the reply to you, we are giving a thorough 
discussion and minor additions to the manuscript text. 

1. The result of GNSS data processing is position and velocity states, as well as clock 
parameters, ionospheric electron content, integer ambiguities and phase biases. We have 
selected two types of metrics that represent the stability of the states: one being related to 
satellite orbits, the second related to station positions. The discussion by Strasser et. 
al. (2019) suggests that clock parameters are stable over daily processing time, which makes 
them less informative to analyse. Also, a subjective choice was made to ignore all parameters 
but orbits and station position, as was done by Zus et. al. (2021) in a similar experiment to 
analyse atmospheric mismodelling effects. We are adding extra context to the potential 
readers explaining our choice. 

Line 325 REMOVE 

Regarding the GNSS products, there is no absolute reference. To validate the GNSS 
processing result, we use two metrics: 

Line 325 INSERT 

The products of GNSS data processing are position and velocity states, as well as clock 
parameters, ionospheric electron content, integer ambiguities and phase biases. Since there 
is no absolute reference, the processing is evaluated by measuring the stability of the 
solution. Discussions by Strasser et. al. (2019) and Zus et. al. (2021) suggest that among all 
the most informative are orbit and ground station positions. Hence, we choose two metrics 
to validate ray tracing models: 

2. The report of statistics in the Table 1 is correct. Indeed, the high average value of station 
height RMS and standard deviation for RADIATE is due to several huge values. The 
histograms at Figure A1 and A2 are constructed so that values higher than 10 cm are not 
visible in the figure. We decided not to remove these points as statistical outliers, because 
the same stations mismodelled in the RADIATE experiment are processed adequately in the 
LTT v1 and v2 experiments. This notion is hereby explained in the text as following: 

Line 378 REMOVE 

On average, the precise point positioning is significantly more reliable when using the LTT 
algorithms instead of RADIATE, both for RMS and σ of position residuals. 

Line 378 INSERT 



PPP residuals are generally smaller when using the LTT algorithms compared to RADIATE. In 
the RADIATE experiment, the height estimates are very inconsistent for some stations, which 
leads to high average RMS and σ values. These high values do not appear in Figs. A1 and A2. 

3. In the text, we mention that LTT v1 and v2 models demonstrate fairly similar skill. We are 
not able to draw deeper conclusions. The approach of the processing is to estimate many 
parameters in the same least squares adjustment. Hence, orbit and station position states 
are entangled in the fitted solution. The orbit discontinuities and station position offsets (and 
behavior of other parameters) are indicative of stability of the solution as a whole. To 
quantify that would require a unified metric, to develop which would be a good idea for 
future work. 
Another notion is that between separate experiments the percentage change of orbit metric 
is lower than for station metric (coloured numbers in Table 1). One might speculate that the 
station metric is more sensitive to mismodelling than the orbit metric. Again, future 
sensitivity tests are needed to prove that.  
Small change to the text: 

Lines 379-381 REMOVE 

LTT v1 and LTT v2 demonstrate fairly similar skill, which implies that the differences in slant 
delay estimates induced by the model modifications provide a much smaller effect on PPP 
results than the improved use of weather model input data. 

Line 379 INSERT 

LTT v1 and LTT v2 demonstrate comparable skill, with v1 being better at precise point 
positioning and v2 better at orbit determination. This implies that modifications in ray tracing 
models from the old to the new version have very minor effect compared to improved use of 
weather model data. 

4. We decided to keep the formula unchanged, since the values of standard deviation are 
used in comparative manner inside the paper. And, they are not shown against external 
processing results, such as by operational analysis centers.
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