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General comments 
 

The data set is unique in the sense that the radar-rain gauge merging (hourly) is done at 

a European scale (over OPERA radar coverage) and is easily accessible. Sources of 

errors and limitations are discussed, and despite some limitations of the EURADCLIM 

dataset, this dataset can be useful in providing high-resolution (2 km, 1 hour) 

precipitation information. 

 
However, the manuscript (and dataset) lacks clarity regarding its usage for further 

applications (e.g., missing indicators for erroneous EURADCLIM data, mainly literature- 

based ideas for potential applications, unclear definition of extreme cases). The authors 

created 1-hour and 24-hour rainfall accumulations with separate references. From the 1- 

h dataset, the 24-h dataset is generated in an hourly moving window and is 3 times larger 

in size than the 1-h dataset. The manuscript does not explain any special processing for 

the generation of this 24-h dataset nor its benefit. It is not clear why 24-h dataset should 

be produced separately with a separate reference. 

 
Overall, the topic fits the scope of the journal’s special issue, but the manuscript needs 

to be better clarified for its publication. Please see the comments below. Line numbers 

are indicated with “L” 

 

We thank the reviewer for recognizing the value of the EURADCLIM dataset and 

manuscript and for the detailed and constructive review. Below, we give 

attention to the reviewer comments on the usage for further applications. One 

general remark is that we think we provide a thorough evaluation of the 

EURADCLIM dataset, also giving attention to its limitations. We also believe that 

the EURADCLIM dataset in its current form clearly adds value to the existing 

pan-European datasets that are available. 

 

The processing of the 24-h dataset is already explained in L93-96 in the original 

manuscript: “These 1-h precipitation accumulations are used to compute 24-h 

accumulations every clock-hour as well as annual accumulations. For each radar 

grid cell, a minimum data availability of underlying 1-h accumulations of 83.3% is 

demanded (i.e., at least 20 of 24 hours, or ∼304.2 of 365 days). Grid cells with too 

low availability are set to the OPERA “nodata” value.”.  

 

We recognize that the reason for providing 24-h accumulations should be 

described. Reasons for providing 24-h accumulations is that these can be useful 

for, e.g., evaluation of extreme precipitation, evaluation of EURADCLIM by 

comparing to 24-h rain gauge accumulations (from ECA&D or other sources), 

and climatological analyses. Note that 24-h accumulations are a common 

measurement interval for (manual) rain gauge data. Daily data are for instance 

provided by the ECA&D portal as timeseries and by the associated gridded E-

OBS dataset. Since the 24-h accumulations had already been generated for the 

manuscript, we decided to offer this as a service to users. This not only saves 

time for potential users, but also provides a common benchmark 24-h dataset, 

taking into account data availability and “nodata” values. We will add to the 

Introduction: “Having 24-h accumulations can, for instance, be useful for 

evaluation of extreme precipitation events, evaluation of EURADCLIM against 



(manual) rain gauge accumulations, and climatological analyses. Moreover, the 

ETCCDI Climate Indices require daily precipitation amounts for climate 

monitoring (https://www.wcrp-climate.org/etccdi). In addition, a drawback of the 

gridded E-OBS dataset is that the underlying rain gauges are aggregated over 

daily measurement intervals that are not homogeneous over Europe. The unique 

nature of EURADCLIM improves upon this aspect. Hence, the EURADCLIM 

dataset is not only available as 1-h, but also as 24-h accumulations.” 

 

 

Recommendation: Major 

 
1. Section 4.3 and Fig.8: Two examples are presented to show the limitation of the 

EURADCLIM data (e.g., failing of clutter filtering effect). However, those radar 

echoes seem clearly a failure of radar processing for certain time steps (0045-0630 

UTC which affected hourly EURADCLIM data from 0100-0700 that are more than 4 

hours - please see also comment #11-, as briefly mentioned in L340 as well), which 

is unlikely “extreme precipitation” as stated in Figs. 8a and 8b. i) Have the authors 

cross-validated those events with other sources confirming the rainfall was extreme 

over the affected areas? ii) If the EURADCLIM aims to construct quality-checked past 

data (not in real-time adjustment) and those erroneous outputs are caused by at least 

a processing artefact (among other artefacts) that cannot be corrected even with the 

gauge adjustment for the limitation they pointed out, then the output analyses are 

expected how to deal with those time steps in their hourly merging and 24-hour 

accumulations or further applications. Instead, those results were explained in the 

context of the added value of the gauge adjustment (L347), which lacks discussion 

of the “limitation” of the EURADCLIM data. Although in L365-L372, the authors briefly 

mentioned a couple of ways to deal with those outlier cases, these do not seem to 

be applied to the current version of the EURADCLIM dataset. If an end-user is aware 

of such an outlier, the current version of the dataset will be unlikely used. Can the 

authors better propose or discuss what can help the users to use their climatological 

dataset? 

The examples indeed seem to illustrate a failure of radar processing, which 

can hence not be removed effectively employing postprocessing clutter 

removal algorithms. Calling them echoes caused by failure of radar 

processing is indeed more specific than calling them non-meteorological 

echoes. Hence, we replaced “Since this occurs over an entire radar domain, 

the algorithms can only partly remove and reduce these non-meteorological 

echoes” by “Since this occurs over an entire radar domain, the algorithms 

can only partly remove and reduce these echoes caused by failures of radar 

processing”. We used parenthesis for extreme precipitation to denote that it 

is not extreme precipitation. We replaced “extreme precipitation” by “extreme 

values”. i) Since the values are clearly artefacts there is no need for cross-

validation. ii) We will add to Section 4.3: “Still, Fig. 8b,d indicates that 

EURADCLIM sometimes contains substantial artefacts.” 

 

In L365-L372, we suggest some pragmatic ways to deal with remaining 

outliers in EURADCLIM. We believe some of these could be applied by end 

users. We think EURADCLIM will be of value to end users, despite these 

outliers. Otherwise, end users would not be using (climatological) satellite 

precipitation products around the globe (indirect, relatively inaccurate), or 

gridded rain gauge datasets, such as E-OBS. Though gauge data will 

generally contain fewer outliers compared to EURADCLIM, they don’t capture 

precipitation over the vast areas between rain gauges. This is exactly the 

added value EURADCLIM provides. Also note that it depends on the 

application end users have in mind whether outliers pose a (larger) problem.  

 

Note that we transformed L365-L372 to a list of recommendations for end 



users in the conclusions section, and moved L372-375 to the list of 

recommendations for NMHS, OPERA and EURADCLIM to improve OPERA-

based precipitation products. We also made the two end user 

recommendations more specific. See our reply to comment #3.



2. Section 4.4: This section lacks a supporting explanation. How do they identify 

extreme events out of 8 years dataset? only by the radar 24 h accumulations? or a 

couple of flooding cases? For the presented extreme case analyses, were the 

outliers visually checked (as mentioned in section 4.2)? Over the flood-affected areas, 

have the authors checked that there were no rainfall estimates available produced 

(reanalyzed after the event) by regional and national products (that can justify L389- 

390)? 

Section 4.4 is not meant to provide the most extreme events over the 8-year 
period, which we do not claim, but meant as an illustration of extreme events 

captured by EURADCLIM. These cases were selected by consulting a website 

on extreme flood events, already showing that severe precipitation occurred. 

We will add to Section 4.4 (additions in italic font): “Figure 10 shows 

EURADCLIM's precipitation estimates for three (more) extreme precipitation 

events meant to illustrate EURADCLIM's potential”. Comparison with other 

radar-based precipitation products is out of the scope of this study. 

3. Unclear conclusion: (L423-L455). I am puzzled by their “recommendations” that 

seemed to target those who may replicate EURADCLIM. The improvement of 

EURADCLIM data will be made most likely by the authors, no? On the other hand, if 

the authors tried to promote their datasets to be used, I expect the recommendations 

in the context of the user perspective with some technical tips or examples, which 

perhaps they intended to address some with “strategic value” (L460-472). However, 

those “strategic values” are mostly speculated by addressing examples from the 

literature. One or two examples with detailed guidelines on the usage of the 

EURADCLIM data will be more useful (e.g., by improving section 4.4). 

We find these recommendations important to emphasize that there is still 

much room for improving OPERA-based radar precipitation products in 

general, and not only EURADCLIM. Hence, the recommendations are also 

directly relevant for the next phase of OPERA, which is being planned. In the 

end, the improvement of EURADCLIM will be a joined effort by NMHS, OPERA 

and the EURADCLIM authors (or perhaps even in a collaboration in a new 

project). For instance, NMHS could perform better clutter removal employing 

dual-pol based algorithms and send these data to OPERA. The next phase of 

OPERA may apply methods to further improve quantitative precipitation 

estimates by applying additional algorithms to volumetric data. And 

EURADCLIM may gather more rain gauge data to be used in the merging. 

Moreover, the recommendations also reveal limitations in OPERA-based 

products, which can also be relevant for future funding and projects (limited 

gauge network densities, corrections not being applied to volumetric radar 

data). We acknowledge that technical tips or examples how to deal with 

limitations of EURADCLIM for specific applications, as indicated in L365-372 

of the original manuscript, would help the user. Moreover, we made the two 

end user recommendations more specific: “For instance, the number of grid 

cells with a large ratio between gauge and radar accumulations could be 

counted. If the total count exceeds a threshold, the interval can be labelled as 

suspicious.” and “For example, grid cells with annual precipitation clearly 

above that of local climatological gauge records could be discarded, as well 

as grid cells with unlikely high values for 24-h precipitation.”. 

 
Minor comments 

 

1. L43-L44: The method of Park et al. (2019) is rather based on a systematic bias 
adjustment, instead of merging. Hence, the following sentence can be revised 

(with bold) as “an operational gauge-adjusted OPERA-based radar rainfall 

product for the European Rainfall-InduCed Hazard Assessment (ERICHA) 

system. employing data from ∼1500 rain gauges. This is used to compute flash 

flood hazard for Europe for the next 5 6 hours for the European Flood Awareness 



System (EFAS)”. Here, the number of rain gauges can be misleading because 

the daily bias map has been obtained from valid radar-rain gauge pairs, which 

may vary from different gauge sources, quality of both radar and gauge estimates, 

and days of rainfall over available gauge points. In any case, the algorithm can 

adapt to the use of more gauges. 

We changed this accordingly. We understand that the number of gauges 

used in the adjustment will vary and that the method of Park et al. (2019) is 

well suited for handling more rain gauge data.  

2. L45-L46: “The use of this dataset is restricted to EFAS”, This is not correct (e.g., 

the dataset and the adjustment algorithms have continuously been used in the 

framework of several research projects since 2017) and do not add any relevant 

information; so, please remove it. 

We removed this sentence. We wanted to make the distinction that 

EURADCLIM is publicly available and other OPERA-based datasets are 

not. This is caused by current data policy and not because of restrictions 

from the side of developers of these datasets.  

3. L50-L51: Please remove “and data from far more rain gauges are available 

(~7700)”. Perhaps the authors can mention that their dataset is built with different 

gauge sources from Park et al. (2019), but it is not necessary to point out the 

number of gauges unless adding an interesting research argument. The more 

gauges available, the better both methods would perform. In fact, the authors 

describe the gauge network used in the presented methods (in L104-L120), 

addressing the number of gauges deployed (~7700), which fits better here and 

shows the distribution clearly as well. 

The reason to mention this is to show that for EURADCLIM far more rain 

gauges are available because much more time is available to wait for 

additional (climatological) rain gauge records. Hence, the quality of 

EURADCLIM is expected to be higher compared to (near) real-time radar 

datasets involving rain gauges. This is by no means a methodological 

disadvantage of Park et al. (2019) and we agree that both methods would 

perform better if more gauges would be available. We rephrased this (in 

italic font): “Some differences with the study by Park et al. (2019), who 

developed a (near) real-time dataset, are that additional algorithms to 

remove non-meteorological echoes are applied, and data from far more 

rain gauges are available after waiting 1.5 years (at most ~7700 instead of 

at most a few thousand).” 

4. L56-L57: “Since it could also be applied in (near) real-time, its evaluation is also 
relevant for the existing gridded OPERA products”. Can this be better clarified? 

We will modify this accordingly (additions in italic font): The Gabella 

clutter filter does not depend on historical or auxiliary data and could be 

applied in (near) real-time. Hence, evaluation of its performance to remove 

non-meteorological echoes is also relevant for the existing gridded 

OPERA products. 

5. L76: “It is based on the raw single site radar data, which have undergone Doppler 

clutter filtering.” Can this part be better explained? 

We will modify this (changes in italic font): “It is based on the 3D single 

site radar data from NMHS, which have undergone Doppler clutter 

filtering. The latter helps to detect and correct for clutter in case the radial 

Doppler velocity is (near) zero. Hence, the influence of (nearly) stationary 

targets on radar reflectivity factors is diminished, while preserving the 

non-stationary precipitation targets.” 

6. L90-L95: Are the values of “nodata” and “undetect” directly from the OPERA 15- 

minute rain rate product? Or when calculating the 1-h precipitation accumulation, 

those values are assigned to the EURADCLIM data cell if not satisfying the full 

availability (similarly done as the OPERA data)? Here, can this full availability be 

better explained? 

In case a grid cell has a  “nodata” value in at least one of the original 



OPERA 15-min rain rates, the corresponding 1-h accumulation becomes 

“nodata”, which is consistent with OPERA processing. "undetect” values 

are only obtained from the OPERA 15-min rain rate product and are set to 

0. We only assign “nodata” values ourselves when the availability is lower 

than 83.3% for a 1-h, 24-h or annual precipitation accumulation. We will 

clarify this in Section 2.1 (additions in italic font): “So, 1-h accumulations 

are only derived if all 15-min OPERA rain rates are not equal to the 

“nodata'' value.  And “undetect'' values from the OPERA rain rates, ‘used 

to denote areas below the measurement detection threshold (radiated but 

nothing detected)’ (Michelson et al., 2019), are set to 0 mm.”



7. Fig. 2b, and L107: What does “Combined radar-gauge data availability (in %)” 

mean? 

We will clarify this in Section 2.2 by adding (italic font): “This availability 

is the percentage of daily intervals in the 8-year period at each gauge 

location where the gauge and corresponding radar accumulations are 

both available.” 

8. L103: Is it necessary to state “mid-June 2022” here? It is actually mentioned 

better in L115. 

We agree, and removed this. It is already mentioned elsewhere: “At the 
time of data production (mid June 2022)”. 

9. L121-L130: The authors comment that there are some uncertainties on the gauge 

aggregation time for the given ECA&D 24-h accumulation dataset and explain 

that “The end times of the observations display a large variability” in L127. Then, 

is such variability considered in the disaggregation of the 1-hour dataset applied 

in L199-L206? 

The procedure is as follows: first the exact daily measurement interval is 
determined based on contacting NMHS and by comparing all daily 

accumulations at gauge locations to those from radar over the 8-year 

period. This implies that we are confident about the daily measurement 

interval. Then this daily interval is employed for the disaggregation. So, 

the variability in end times is taken into account in the disaggregation. We 

will add to the methodology section (italic font): “To achieve this, the daily 

gauge accumulations are disaggregated to 1-h accumulations employing 

the 1-h and 24-h radar accumulations from the previous processing step. 

The end times of the observations, as determined in Section 2.2, are taken 

into account in the disaggregation.  

10. Fig.3: For disaggregation, are the 24-h radar precipitation composites used? 

Yes. This is already stated inside Figure 3: “Convert daily ECA&D gauge 
data to 1-h data using 1-h and 24-h radar precipitation composites 
(disaggregation).” and in Section 3.4: “To achieve this, the daily gauge 
accumulations are disaggregated to 1-h accumulations employing the 1-h 
and 24-h radar accumulations from the previous processing step.” 

11. L205: “at most 4 hours per 24-h interval”, does this threshold of 4 hours come 

from the observed results? I am a bit puzzled, there were days with missing hours 

of more than 4 hours (as in the case of Fig. 8.a), and if this is the case, how would 

the correction(merging) be applied? 

We will add this explanation to Section 3.4: “The threshold of 4 hours 

comes from the minimum required availability of 83.3% to aggregate 1-h 

to 24-h radar accumulations. If this requirement is not met for a given 

radar grid cell and 24-h interval, the “nodata” value is assigned to the 

radar grid cell. Hence, if  more than 4 hours of radar data at the location of 

a rain gauge are missing per 24 h, the disaggregation to 1-h gauge values 

cannot be performed. The merging of 1-h disaggregated rain gauge data 

and radar data is simply performed with all available radar-gauge pairs. If 

no radar-gauge pairs would be available at all, due to either missing radar 

(i.e., only “nodata” values at gauge locations) or rain gauge data, the 

merging is not performed, and EURADCLIM will be a copy of the 

unadjusted radar dataset.”. Note that Fig. 8a contains a rainfall rate that 

has been used to construct EURADCLIM, and is hence not an example of 

a day with missing radar data.  

12. Fig. 5 a-d: Maps of mean hourly precipitation over 2013-2020. The mean values 

are so low, which is not so evident to see the effects over some areas. Is it 

meaningful to present in terms of mean 1-h precipitation to highlight the effect of 

clutter filters? 

The numbers are low indeed, but spatial differences in mean rainfall can 

be noticed. We think it is important to keep this figure, because it clearly 

highlights areas influenced by clutter. In our experience, the combined 



use of (average) accumulations and relative exceedance frequencies 

provides valuable information on the occurrence of clutter and of the 

effectiveness of algorithms to remove clutter (e.g., Overeem et al., 2020). 

13. L271-L273: Although the authors state that there has been a strong reduction in 

the coastal area of Norway (5a-5d), it is not clear to see. Can it be explained 

better? 

This is indeed not evident for the entire coastal area of Norway, but only for 

the southwestern coastal area of Norway. We will clarify this in Section 4.1 

(italic font): “And the area in Europe known for the highest annual 

precipitation, the southwestern coastal area of Norway, also shows a 

strong reduction, which may point to unwarranted classification of non-

meteorological echoes. This can be seen more clearly in Fig. c in 

Appendix A1.” 

14. Table 1: Why the values of mean daily precipitation corresponding to 4 different 

filters are the same? 

Because the mean daily precipitation is based on the reference dataset, 

i.e., the ECA&D gauge dataset. The use of the gauge dataset for the 

merging is mentioned in the table caption. 

15. L289: I guess “rho” here is the correlation coefficient. (Please add the symbol in 

the table or explicitly state “correlation” next to the symbol in L289). 

We will add the symbol to Table 1 and add a description to the caption of 

Table 1 of the used abbreviations. Note that “rho” is already defined in 

Section 3.5. 

16. L297-L300: “This confirms the effectiveness of the algorithms to further remove 
non-meteorological echoes”. Can this be better clarified? For no-rain only (0 mm), 

the effect of the static mask seems to be none based on daily accumulations on 

average. 

We will add to Section 4.1: “It remains 0.2 mm, though, when also the 

static clutter filter is applied. This is likely a result of the static clutter 

mask being only applied to a small part of the OPERA domain (see, e.g., 

Figure 4h), which contains a small minority of the rain gauges. As a 

consequence, positive effects are small when comparing to rain gauges 

from the entire OPERA domain. Moreover, in contrast to the other clutter 

filtering algorithms, values are not removed but interpolated from 

surrounding values. Hence, no clear improvement at the location of the 

gauges is found for the static clutter mask.” 

17. L305: Regarding the results of an overestimation of 11%, please indicate 

explicitly EURADCLIM in the text. 

We will add this. 

18. L311: How do the authors separate between summer and winter cases? 
Summer contains data from the months June, July & August and winter 
contains data from the months December, January, February (as already 
indicated in the caption of Figure 9). We will clarify this by adding to 
Section 4.2 (italic font): “The quality of daily precipitation accumulations 
is higher in summer (June, July, August; Fig. 6d) than in winter 
(December, January, February; Fig. 6c).” 

19. Fig.6b-6d: Why there are some systematic “0” or near 0 values of EURADCLIM 

for all values of gauges? 

It is indeed apparent that these are present for this relatively long, daily 
accumulation period. This could be caused by representativeness errors, 

e.g., due to timing differences and differences in measurement volumes, 

especially when local precipitation gradients are large. In case of fast-

moving showers, radar precipitation estimates can become less 

representative for precipitation at the Earth’s surface. Given the relatively 

long accumulation period, these effects will probably play a limited role. It 

is more likely that beam blockage and overshooting are an important 

cause. We selected all data points from Figure 6b for which the daily radar 



accumulations are smaller than 1 mm and the corresponding gauge 

accumulations are larger than 20 mm. These 5992 data points belong to 

1174 gauge locations, which are visualized below.  

 
Many locations are in areas either far away from radars (compare with 
Figure 1c) and/or in areas which may be affected by beam blockage due to 

mountains (Austria, Italy and Norway). Since 54% of all data points belong 

to Italy, this is the region where most of the deviations occur. Note that no 

Italian radar data are available for OPERA. We will add to Section 4.2 

(italic font): “Apparent are the (near) zero precipitation values for a wide 

range of rain gauge values. 54% of all data points for which the daily 

gauge accumulation is above 20 mm and the corresponding EURADCLIM 

radar accumulation is below 1 (Fig. 6b), are located in Italy, and are likely 

related to beam blockage or overshooting.” 

 

20. L334-335: “After all, the gauges that…in the final EURADCLIM dataset”. Can this 

be better clarified? Does it mean that those gauges are used in the evaluation of 

the EURADCLIM dataset? Or if these are a part of EURADCLIM, how does this 

justify (link to) the previous statement? 

For the leave-one-out statistics (LOOS) results, these gauges have indeed 

been left out of the analysis and are purely used in the evaluation of the 

EURADCLIM dataset. EURADCLIM uses all rain gauges, but to provide an 

independent verification, the gauge-adjustment has been rerun for each 

gauge location while using all available radar-gauge pairs except the one 

at the considered gauge location. We will clarify this in Section 4.2 by 

replacing “In reality, results are expected to be better than found for the 

independent verification, because the distance to the nearest gauge will 

be much shorter. After all, the gauges that are left out for LOOS have been 

used in the final EURADCLIM dataset.” by (italic font): “In reality, results 

are expected to be better for EURADCLIM than found for this independent 

verification, because the distance to the nearest gauge will be much 



shorter. For the LOOS results, the gauge-adjustment has been rerun for 

each gauge location while using all available radar-gauge pairs except the 

one at the considered gauge location. Whereas for EURADCLIM, all 

available radar-gauge pairs are used.”. 

21. L337: “For other regions, radar beam-blockage could play a role.” – Can this be 

explained better related to Fig.5 and Fig. 7 (e.g., Is it possible to identify those 

areas which indeed indicate the presented filter that does not seem to work based 

on the 8-year dataset? If so, in the comparison with gauges, those areas could 

have been excluded as well). 

See our reply to comment #23, where we discuss beam blockage related 

to Figure 9 and where more information on beam blockage locations will 

be added to the revised manuscript. The underestimates in Figures 5 and 

7 in Italy and Austria are consistent with these findings, but cannot be 

found for northwestern Spain. This shows some limitations of rain gauges 

in detecting beam-blockage-affected areas, due to the limited coverage of 

rain gauges. Using gauges to exclude areas is not straightforward, since 

you need to decide which area they are representative for. Moreover, this 

would result in gaps in the dataset. 

22. Fig.9: Why not use the same colour scale as those presented in Fig. 5? Can this 

be done in terms of daily accumulation? 

We used a different color scale for EURADCLIM because the precipitation 

amounts are, on average, much higher than for the OPERA dataset. 

Employing the same color scale in Figure 9 as in Figure 5, would result in 

large areas belonging to the highest class (black), and hence would not 

match the range in precipitation values of EURADCLIM. Instead, we will 

adapt the color scale in Figure 5 to that of Figure 9. This will reveal 

somewhat different features, which will require some modifications in the 

description of Figure 5 in Section 4.1 (see track changes in the revised 

manuscript). 

 

Plotting daily mean accumulation would result in very similar patterns 

(only some differences are possible due to differences in availability of 1-

h and daily data). Adding the (relative) frequency of exceedance for 24-h 

precipitation may be relevant but would make our manuscript rather 

lengthy. Moreover, the 1-h accumulations are likely most important for 

users. We therefore only provide a figure of 1-h accumulations. 

23. L349-L350: Could it be better explained where those signatures are shown (in 

Fig. 9a or in Fig 9)? As mentioned in #22, can the results be better explained with 

respect to Fig. 5? 

We will add to Section 4.2 (italic font): “There are still some signatures of 

beam blockage (e.g., Austria, Italy, northwestern Spain in Fig. 9a), 

probably caused by obstacles near radar sites, and of non-meteorological 

echoes, such as interferences (e.g., Bosnia and Herzegovina, eastern 

Spain in Fig 9a,f,g).” In addition, we will add to Section 4.3: (italic font): 

“When comparing the mean daily precipitation and relative frequencies of 

exceeding 0.1 mm and 5 mm to those from the unadjusted radar data in 

Fig. 5, it is clear that these strongly increase after the gauge adjustment. 

This can also lead to non-meteorological echoes becoming more 

pronounced (e.g., interferences in eastern Spain in Fig. 9f compared to 

Fig. 5h).” 

 

24. L359: “It is difficult to tell to what extent non-meteorological echoes play a role”. 
It is possible that invalid(strange) radar data (similar to the presented case in 

Spain) are included in the 8-year statistics over Croatia, Kosovo, Slovakia and 

Corsica. Have the authors checked those areas in particular? 

We agree that also failures in radar processing may play a role, although 
the specific cases presented in Figure 8 are not apparent in Figure 9. We 



will add to Section 4.3 (additions in italic font): “It is difficult to tell to what 

extent non-meteorological echoes or failures in radar processing play a 

role here“. Figure 9g,h is meant to illustrate the occurrence of extreme 

values in EURADCLIM. Because the figures are based on processing a 

large number of events over a wide spatial domain, studying the causes 

of outliers becomes a topic on its own and hence falls outside the scope 

of this study. 



25. L407-L409: This conclusion needs better supporting materials or references; 

Because the presented method is based on neither sub-daily gauge data nor a 

real-time feed environment, it is not clear yet what aspects can be improved. For 

production in real-time, better improvements in L365- L375 (Major comment 1) 

are expected. 

These lines should be seen as a recommendation to make it (technically) 
feasible that NMHS provide sub-daily rain gauge data in (near) real-time 

for merging with radar data. Then a (near) real-time adjustment could be 

performed, instead of employing a gauge adjustment based on daily data 

from the last seven rainy days (Park et al, 2019). We think the quality of 

radar precipitation estimates will show larger improvements when radar 

data are merged with rain gauge data from the same time interval than 

when additional, mostly statistical, algorithms would be applied to further 

remove non-meteorological echoes (L365-L375 in the original 

manuscript). Most of the suggested algorithms in L365-L375 are a bit 

coarse and could be seen as pragmatic ways to deal with the current 

OPERA radar data. One of the main recommendations in the conclusions 

section is to apply additional algorithms to volumetric radar data, which 

can for sure result in large improvements in terms of clutter removal and 

quantitative precipitation estimation. Note that the conclusions section 

now provides a list of recommendations for end users, based on L365-

L372 in the original manuscript, and a list of recommendations for NMHS, 

OPERA and EURADCLIM to improve OPERA-based precipitation 

products. For the latter, the contents of L372-L375 from the original 

manuscript was added. 

26. Code availability: It is good that the authors provide some routines, but this code 

will not be sufficient to “reproduce” the results and the end-users required a good 

knowledge of the OPERA data structure. So, rephrase or remove “This helps end 

users to reproduce results from this study and to further explore and analyze the 

EURADCLIM dataset.” 

The code can be used to reproduce the figures, i.e., to visualize 

precipitation maps. Indeed, code to reproduce EURADCLIM is not 

provided. It can be used to explore and analyze the EURADCLIM dataset, 

though, by performing climatological analyses, aggregating data and 

visualization. We rephrased this: “This can help end users to visualize 

precipitation maps and to further explore and analyze the EURADCLIM 

dataset”. 

27. Data availability: Hourly dataset is useful, however, if the 24-h precipitation 

datasets are simply generated by summing up hourly data in running windows, 

is there any specific reason to produce such big-size outputs with a separate 

reference? 

This prevents many users from doing the same aggregation, and is hence 

provided as an additional service. See also our response at the beginning 

of this rebuttal. 
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