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We are thankful to all reviewers for their valuable and constructive feedback which helped us to 

improve the manuscript. In response, aside from several minor corrections, we have introduced 

the following main changes to the paper: 

(1) We have considerably expanded the methodology section to clarify the model characteristics 

and its calibration process. In addition, we have added more discussion along with the relevant 

references to compare the outcome of this study with existing comparative precipitation 

assessments.  

(2) Motivated by the reviewers’ ideas, we have developed and expanded our analyses in two main 

directions by introducing; i) daily-scale results to compare the propagation of rainfall uncertainty 

across different time scales, and ii) a mean ensemble of the individual precipitation products to 

explore its potential to reduce uncertainty in runoff simulations.  

The results show that our findings on the climate-dependent propagation of precipitation 

uncertainty are valid across daily and monthly time scales, and that the mean precipitation 

ensemble yields runoff simulations which agree better with observations than for any individual 

precipitation product. 

Please note that we additionally corrected (i) Figures 3 and 4 to show results for May-September 
as indicated in the caption, while previously it was erroneously April-October, and (ii) the 
considered catchments to be consistently determined through the criterion of NSE(runoff)>0.36, 
resulting in a slight increase in the number of considered catchments. 
 
 

Reviewer #1 
 
Summary: 

The manuscript has evaluated different precipitation products to understand the uncertainty 

propagation into the water cycle, specifically streamflow and evapotranspiration. The manuscript 

evaluated the different products by forcing a lumped model with the different precipitation products 

and evaluating the outputs, streamflow and evapotranspiration in >200 catchments across 

Europe.  

Overall I think the paper has a good language style and is rather easy to read. I think the study 

has to be improved in elaboration of the methodology and discussion on different assumptions 

and how it performs and complements other comparative studies. At this stage I do not believe 

this study is easily reproducible and this should be the aim of the methodology to a certain extent. 

A1: We thank the reviewer for notifying the fluency of the manuscript and have considered the 
points as mentioned in the following. 
 
 
 
General comments: 

In the introduction I would also include existing studies that compare precipitation products directly 

or indirectly and show explicitly need for this gap that you are filling. I would include a discussion 

on how the results from this study performs with the existing studies you will mention in the 
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introduction with comparative investigations. The discussion should also include some 

assumptions and why these where made and how you justify them with references to literature. 

A2: We have added more references and put our results in context of earlier studies throughout 
the manuscript: 
 
- Results and discussion (lines 123-126): 
“It is related to the fact that most of the considered catchments are located in relatively wet climate 
(aridity<1) such that soils are often saturated, triggering a rather direct runoff response to 
precipitation (Ghajarnia et al., 2020). Also, in these climate regimes ET is typically energy-
controlled rather than water-controlled (Koster et al., 2004, Pan et al., 2019; Zheng et al., 2019; 
Denissen et al., 2020), leading to the observed low sensitivity of ET to precipitation (uncertainty).” 
- Results and discussion (lines 185-188): 
“The weaker performance in cold climate, which is also present in the case of E-OBS, might be 
related to smaller gauge network density, and more complex topography in colder areas (Beck et 
al., 2017b; Ziese et al., 2018).” 
- Conclusions (lines 206-208): 
“Thereby the products differ mostly with respect to the temporal dynamics rather than the overall 
amount of precipitation (Sun et al., 2018; Fallah et al., 2020).” 
- Conclusions (lines 224-225): 
“Another important outcome of our analyses is that ET simulations are mostly insensitive to 
precipitation uncertainty in European climate, confirming previous studies (Bhuiyan et al., 2019; 
Zheng et al., 2019).” 
 

Evaluation or validation of the ET simulations with respect to the available gridded ET datasets 

may be quite interested to see. Several studies exist where different ET products have been 

compared for Europe at the basin scale as well as at the European scale and would be valuable 

to see what might come from this comparison to a ‘reference’. 

A3: We thank the reviewer for this interesting suggestion. Please note, however, Fig.3 shows that 
there is no strong relationship between precipitation inputs and ET simulations. Because of this, 
we cannot re-do the analysis from Figure 5 for ET. Similarly, we also cannot assess the validity 
of existing ET datasets. To clarify this point, we have updated the manuscript:  
- Results and discussion (lines 153-154): 
“This is, however, not possible in the case of ET due to the lacking relationship between ET and 
the precipitation forcing in our study region (Figure 3).” 
- Conclusions (lines 225-228): 
“However, in warmer and drier regions such as the Middle East, Central North America or 
Australia, the link between ET and precipitation should be stronger. Wherever available in these 
regions, ET measurements can and should be used for indirect evaluation of large-scale 
precipitation products to complement the results in this study where we focused more on 
comparatively wet regions.” 
 

Which calibration method was used, what specific software or was it manual? There should be a 

certain level of reproducibility possible using the methodology described currently this is not 

possible as many things are not mentioned. Please elaborate your methodology to include for 

example: 

- Description of how your catchments were selected 



 

3 

- A more detailed description of the model used or where we can find this description 

- A description of the model setup, show a schematic of the model architecture. 

- A description of the calibration methodology 

o What method was used 

o which parameters were adjusted 

o maybe a map with NSE results from the different catchments. 

Are your input precipitation datasets open accessible and available? Show in your table 
1 where people can access these datasets. 

A4: Addressing the reviewers’ comments, more information is added regarding our data and 

methodology, in particular to more comprehensively describes the selection of catchments, the 

model, and the calibration method. Also, the access links to the precipitation datasets are 

provided in the acknowledgment section; all data are publically accessible.  

- Data and methodology (lines 69-73): 
“We use here the model version introduced by Orth and Seneviratne 2015 which is adapted to 
the daily time scale by addition of a streamflow recession parameter and an implicit form of the 
water balance equation. Note that the basic concept and the governing equations of runoff and 
ET formation used here are well established and employed in many similar conceptual models, 
such as HBV (Bergström 1995; Orth and Seneviratne, 2015).” 
- Data and methodology (lines 101-103): 
“Note that we perform only calibration of the model, and no validation. This is because we focus 
on the influence of the precipitation forcing on the modelled runoff performance, and not on the 
simulation capacity of the model outside training conditions which has been shown in previous 
studies (e.g. Orth et al. 2015).” 
- Data and methodology (lines 89-94): 
“The simple water balance model employed in this study includes six adjustable parameters: 

water-holding capacity, inverse streamflow recession time scale, runoff ratio exponent, ET ratio 

exponent, maximum evaporative fraction, and a snow melting parameter (as in Orth and 

Seneviratne 2015, see also Table S1). For model calibration, 500 parameter sets are tested which 

are randomly sampled from the entire parameter space using Latin Hypercube Sampling (LHS; 

McKay et al., 1979). The ranges for each parameter within this parameter space are obtained 

from O et al., 2020 (see also Table S1). This way, we performed 500 corresponding simulations 

for each catchment over the entire considered time period 1984-2007.” 

- Data and methodology (lines 109-112): 

“The model parameters are thereby obtained from the above-mentioned calibration using E-OBS 

precipitation. As this can potentially introduce biases into our results, we additionally calibrated 

the model using GPCC V.2018 precipitation data to derive alternative parameters with which we 

re-computed the main analyses.” 

 

 



 

4 

It would also be a good idea to list the catchments and some of their details in the supplementary 

notes so that readers can identify these catchments. Where did you get the data for streamflow 

(GRDC?) This needs to be mentioned. 

A5: We have updated the manuscript in lines 84-87 to clarify the origin of the data. For further 
details on individual catchments, we refer to the original study by Stahl et al. 2010.  
- Data and methodology (lines 84-87): 
“The streamflow data were collected from the European water archive, national ministries and 
meteorological agencies and from the WATCH project. These daily data are available for the 
period 1984-2007… More details on the data and catchments can be found from Stahl et al., 
2010.” 
- Acknowledgment (lines 248-251): 
“Further, we are thankful for streamflow data from a dataset compiled by Stahl et al., 2010, who 
collected data from the European water archive ([http://www.bafg.de/GRDC/], accessed 9 
December 2019), from national ministries and meteorological agencies, as well as from the 
WATCH project ([http://www.eu-watch.org], accessed 9 December 2019).” 
 
 
Maybe it would be interesting to see results of an ensemble precipitation product that could be 

used to possibly adjust for the differences in the different products. This could result in overall 

better performance. It would be nice addition to add an ensemble of your products and see how 

this performs against the individual products. 

A6: Many thanks for this suggestion. We have implemented it and conducted an analysis based 
on the precipitation ensemble mean. As the reviewer was suspecting, the ensemble yields better 
agreement between modelled and observed streamflow than any of the individual products. The 
results are displayed in figures 5 and S7-S10. Discussion on the results can be found in sections:  
- Results and discussion (lines 165-167): 
“The precipitation ensemble outperforms all individual products, highlighting the usefulness of 
multi-source and multi-product approaches in the derivation of suitable precipitation datasets for 
hydrological modelling.” 
- Conclusions (lines 210-212): 
“We further find that the ensemble mean of the considered precipitation datasets outperforms the 
individual datasets, suggesting that such approaches are promising to obtain more reliable 
precipitation forcing for hydrological modelling as shortcomings in individual datasets seem to 
cancel out to some extent when used within an ensemble.” 
 

Specific comments: 

P2L65 – what is the difference between this version of the model you are using and the one you 

describe initially? 

A7: In the new version, a new streamflow recession parameter and an implicit form of the water 
balance equation have been implemented. 
- Data and methodology (lines 69-71): 
“We use here the model version introduced by Orth and Seneviratne 2015 which is adapted to 
the daily time scale by addition of a streamflow recession parameter and an implicit form of the 
water balance equation.” 
 
P3L87 : : :’temperature is derived: : :” 
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A8: Corrected (line 105) as “temperature is taken from the E-OBS” 
 
 
P3L99 which month do the points represent? The same for each catchment or different? 

A9: It is pointed at lines 129-130. 
 “We compute the median of the standard deviations from catchments within each regime, 
considering all respective warm season months.” 
 
 
How did you choose the month? 

A10: We chose the months “May-September” (now explained at lines 113-114) 
 “All analyses are performed during the warm season (May-September) to minimise the impact of 
snow and ice even though snow melting can locally affect streamflow even in the warm season 
(Jenicek et al. 2016).” 
 
 

Calibration is done for model forced with E-OBS precipitation data and you find the model forced 

with E-OBS data to be the most accurate when comparing streamflow simulated and observed 

results. Even though you conduct a calibration with small differences in the outputs I think it is 

important to compare the streamflow results from the second calibrated model (forced with GPCC 

precipitation data) forced with all precipitation products with observed streamflow results to see if 

you get similar rankings across catchments. 

A11: We confirmed that there is little difference between the E-OBS calibrated and GPCC V.2018 
calibrated models in terms of the precipitation data rankings across catchments. Moreover, our 
main findings regarding the climate-dependent propagation of precipitation uncertainty are not 
affected by the selection of data for model calibration, as shown in the main figures 4, 5 compared 
to Supplementary figures S4, S9. 
 
- Data and methodology (lines 109-112): 
“The model parameters are thereby obtained from the above-mentioned calibration using E-OBS 
precipitation. As this can potentially introduce biases into our results, we additionally calibrated 
the model using GPCC V.2018 precipitation data to derive alternative parameters with which we 
re-computed the main analyses.” 
 - Results and discussion (lines 142-148): 
“Further, we repeat the uncertainty propagation analysis using (i) model parameters obtained 
from calibration with GPCC V.2018 precipitation forcing instead of E-OBS precipitation (Figure 
S4)… We find that Figures S4-S6 show similar patterns as in Figure 4, which confirms that our 
findings are robust with respect to the methodological approach, particularly in terms of the 
precipitation dataset employed for model calibration,…” 
- Results and discussion (lines 174-177): 
“In addition, we re-compute Figure 5 using all months of the year (Fig. S8), and GPCC-derived 
SWBM parameters (Fig. S9), which both largely confirm the described results. Note that, not 
surprisingly, model calibration with a particular precipitation product, e.g. E-OBS or GPCCV.2018, 
leads to the better performance of that respective product.“ 
 

In the results section, a more detailed interpretation of the resulting graphs need to be made. I 

think it would be very nice here to show a graph with your NSE for all catchments (map with the 
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values where your catchments are). Maybe then you can also group the results into good, medium 

and poor performance. 

A12: We thank the reviewer for pointing this out and have added Figure S1 illustrating the NSE 

values obtained from streamflow observations and simulated runoff time series (line 96). 

Basically, the results are yielded over catchments with good performance, yet we have done the 

analyses over catchments with NSE>=0.5 which confirms our findings (lines 142-148).  

“Further, we repeat the uncertainty propagation analysis using … (iii) using an NSE limit of 0.5 
instead of 0.36 to select catchments where the SWBM is applicable (Figure S6). We find that 
Figures S4-S6 show similar patterns as in Figure 4, which confirms that our findings are robust 
with respect to the methodological approach, … the applied NSE threshold to determine the 
applicability of the model (see also Section 2.3).” 
  
P3L101 you say there is a strong relationship between precipitation and runoff but the R2 is only 

0.39. Does this show a strong relationship? 

A13: We have toned down the respective paragraph: 

- Corrected (lines 120-123): 
“Runoff simulations are impacted by precipitation uncertainty while the ET simulations are much 
less influenced by precipitation uncertainty, as indicated by the regression slope. The clear 
relationship between runoff and precipitation  is in line with previous studies (e.g. Beck et al., 
2017a,b; Sun et al., 2018, Blöschl et al., 2019b).” 


