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Response to reviews on the manuscript hess-2019-432 “Ability of an Australian 

reanalysis dataset to characterise sub-daily precipitation” by Suwash Chandra Acharya 

et al. 

 

We would like to thank the two anonymous referees for their constructive comments and suggestions 

on our paper. 

In the following sections we provide a detailed response to all the remarks and suggestions made by 

the referees to improve the manuscript. The reviewers’ comments (in black), our corresponding reply 

(in blue), and proposed modifications (underlined).  

  

Response to Referee #1 

General comments 

The manuscript “Ability of an Australian reanalysis dataset to characterize sub-daily precipitation” by 

Acharya et al. evaluates sub-daily precipitation from a gridded reanalysis dataset, BARRA, covering 

Australia, against gauge observations and radar data. The aim is to assess the performance of BARRA, 

specifically for the use in catchment hydrology applications. The aim is clearly stated and the analysis 

is indeed relevant, as the need for continuous precipitation data of high spatial and temporal resolution 

is obvious. The manuscript is well structured and has a clear language. 

We thank Referee #1 for acknowledging the relevance of the analysis presented and overall positive 

remarks on the manuscript. 

 

On a general term I have some minor suggestions to improve the manuscript as listed below:  

For non-Australians it would be useful to have more information about the climate and topography in 

Australia, specifically the rainfall climate in the selected areas. Also, please discuss results in light of 

regional differences in rainfall climate. I think there is room for one more analysis and figure.  

We agree that including a description of Australian climate and topography will help non-Australian 

readers to generalise the conclusions of the paper for other studies. In Figure 1, we present the climate 

classification across Australia, based on the Köppen-Geiger classification which is not adequately 

discussed within the text. To address this comment, we will revisit the section “2. Study and data 

sources” to describe the topography and climate zones across Australia and the selected areas. 

In the manuscript subsection “5.2 Performance dependence on spatial location”, we discuss the results 

focusing on the location of selected areas. This discussion implicitly considers the differences in climate 

of the selected areas. However, after describing the climate classification and rainfall climate of the 

selected areas, we will further extend the discussion to explicitly present the variation in results across 

the different climatic zones and rainfall climate. 

 



2 

 

Since the target application is catchment hydrology, I would like to see more emphasize on the 

evaluation of areal precipitation. For instance, a case study analysing the evolution of high-impact 

events over catchments would be interesting.  

We also recognise the importance of areal precipitation in the catchment hydrological applications. The 

evaluation and use of areal rainfalls require a substantial assessment in itself, and indeed we are in the 

final stages of preparing a paper that explores the evaluation and design applications of areal rainfall 

estimates. We will add a comment on the need for further assessment of areal precipitation of the 

datasets in the Discussion or Conclusion section. 

 

It might be beneficial to the reader to have other titles on sub-chapters, particularly in the Results 

section. For instance, “4.3 Fractions Skill Score (FSS)” could be renamed to describe what FSS actually 

evaluates. 

We will re-name the sub-chapters in the methodology and results chapters to be more descriptive. 

For example, in Methodology and corresponding Results section: 

3.1 “Frequency distribution of rainfall” to “Frequency distribution of sub-daily rainfall” 

3.2 “Spatio-temporal distribution” to “Neighbourhood-based diurnal patterns” 

3.3 “Fractions skill score (FSS)” to “Neighbourhood-based spatial evaluation”  

 

Specific comments 

Although you state that a spatial resolution of 12 km is considered high, I would argue that the 

parameterization of convection is a major limitation when studying sub-daily rainfall. Please discuss 

this in more detail.  

Our statement that the spatial resolution of BARRA is high is based on its comparison to other available 

reanalysis datasets for Australia. However, we agree that the spatial resolution is not fine enough for 

parameterisation of convection.  

The Unified Model’s parameterised  sub-grid convection scheme (the forecast model used in BARRA) 

which works independently at each grid point, produces a bias towards widespread precipitation (Clark 

et al., 2016; Su et al., 2019). This parameterisation scheme (for detail, see: Su et al., 2019) adopted for 

sub-grid convection is limiting in resolving convective rainfall and affects the locations dominated by 

such rainfall (especially tropics). This is observed in daily evaluation of BARRA by (Acharya et al., 

2019) where the performance was better in temperate than tropical regions. We will further discuss the 

implication of convection parameterisation in BARRA in relation to analysing sub-daily rainfall in 

datasets and/or discussion section of the manuscript. 

 

I can’t see that you address the uncertainty in the observation based data. Please discuss these, and 

perhaps make an attempt to quantify them and include in the figures.  

In our study, we use two datasets as a benchmark for evaluation: gauge and blended radar. In absence 

of any other alternative of high-quality datasets, these two datasets represent the best available point 

and spatial estimates of rainfall and thus provide an appropriate basis for comparison. We acknowledge 
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the uncertainty arising due to comparison of point rainfall against BARRA grid and have discussed it 

accordingly. However, without suitable reference data sets it is not possible to calculate the uncertainty 

in these sub-daily observations and there is no published study on this which is relevant to the regions 

we studied. Similarly, the radar datasets are prone to various error sources which are discussed in the 

“2. Study area and data sources” section of the manuscript. The Bureau of Meteorology have blended 

radar estimates with gauged data and have estimated the associated uncertainties however, this 

information has not been published and is not publicly available. 

 

p8l228: You state that BARRA tends to overestimate light rain events. Please add a reference or show 

this in a figure.  

Overestimation of light rainfall at daily scale is documented in (Acharya et al., 2019; Su et al., 2019). 

We will add reference/s to the statement in the revised manuscript.  

 

p10l292: You state that point precipitation is generally higher than areal rainfall at 12 km scale. Could 

you suggest a way to overcome this? Could you consider using an areal reduction factor? If not, why? 

In many studies lately there has been a focus on quantifying the contribution of changes in intensity and 

changes in the frequency to trends in (heavy) precipitation. Could you please relate your results to the 

how well BARRA represents intensity and frequency? 

Despite an apparent mismatch in spatial resolution/representation, we use point rainfall as a benchmark 

for evaluating BARRA rainfall because it is one of the best available datasets for evaluation. 

Accordingly, we discuss the variation in performance in light of the difference in spatial scale. 

Addressing these differences arising due to varying representativity of point and areal rainfall is not 

straightforward. In “design rainfall” related applications, areal reduction factors are applied to scale the 

point rainfall to areal rainfall, however, we note that 1) such factors could lack the actual properties of 

large rainfall events and result in mis-estimation of flood risks (Wright et al., 2014), and 2) there is 

limited robust evidence for ARF factors at this small scale (Podger et al., 2015; Stensmyr et al., 2015). 

In hydrological modelling applications, any constant scaling applied to point rainfall would not hold 

true across entire time series due to spatial variability of rainfall datasets. One way of addressing such 

differences could be to evaluate BARRA rainfall against high-quality reference spatial datasets, but 

such data sets would require considerable effort to derive.  

The focus of our study is to present an assessment of sub-daily rainfall from BARRA at point and spatial 

scale. The period of evaluation is limited to a six-year period (2010-2015) based on the availability of 

observed (benchmark) datasets. Any comment on the change in intensity, frequency and associated 

trends in rainfall is limited due to the temporal extent of analysis in the study and is beyond the scope 

of the paper. However, we encourage the future assessments of trends in intensities and frequencies of 

heavy rainfall based on BARRA rainfall dataset.  

 

Figures 

Figure 1: Please thicken the line marking the four study regions.  

We will edit the figure accordingly in the revised manuscript. 
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Figure 2: Although I like this figure, it is a bit hard to see the colors etc due to the small maps. Could 

you split the maps and the boxplots into two figures?  

We agree that the figure as currently presented is slightly difficult to read. We will present an improved 

plot either by splitting the maps and the boxplots, or by changing the orientation of the plot in the revised 

manuscript. 

 

Figure 5: I might have missed something, but I do not understand why you here only study precipitation 

up to 6 hours, while up to 24 hours in Figure 2. 

Figure 2 and Figure 5 are results from two different evaluation approaches: non-conditional frequency 

distribution at a point, and rainfall events over an area. For the former, we explore the bias in rainfall 

intensity at various frequencies and temporal accumulations up to 24 hours. Our attempt to compute the 

frequencies up to 24 hours was to understand the variation in rainfall frequencies at different temporal 

accumulations. As discussed in introduction section, this assessment could be useful for developing 

intensity-frequency curves for design applications. 

With the areal analysis, we use Fractions Skill Scores (FSS) to understand the representativeness of 

spatial patterns of rainfall from BARRA at sub-daily scales. Our analysis of temporal accumulations of 

3 and 6 hours was undertaken to assess the utility of the areal rainfalls at sub-daily temporal scales that 

are relevant to hydrological modelling. The evaluation of multiple sub-daily aggregations (1, 3 and 6 

hours) allows us to determine a suitable temporal aggregation for hydrological modelling purposes. 

While extending this accumulation to 24 hours will definitely show improved metrics, the resulting 

time series would have more limited application to hydrological modelling.  

 

In response to this comment, we will clarify the choice of temporal accumulations and their utility in 

the Methodology section. 

 

Technical corrections:  

p2l32-33: This sentence should be rephrased.  

p2l38: Remove “a”.  

p2l52: “developing use cases”? Please rephrase.  

p9l258: Add “the” before “two datasets”  

p10l304: Do you mean “mixed result between locations”? 

We will address these technical corrections in the revised manuscript. 

 

Response to Referee #2  
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General comments 

The article is sound and makes a modest contribution (by examining sub-daily time scales) to body of 

literature on the evaluation of reanalysis rainfall data. I think it should be published subject to some 

clarification. 

We thank Referee #2 for their positive remarks on the paper, and for their constructive comments for 

improving the manuscript. 

 

Specific comments 

Some items for correction / clarification: 

L19: quantile should be replaced with percentile. 

Agreed. We will make corrections in the revised manuscript. 

 

L47-48: what does it mean that BARRA is driven by ERA-Interim? 

The initial and boundary conditions required for BARRA is obtained from ERA-Interim. We will edit 

the sentence to make it clearer. 

 

L104 - 115: this seems an overly critical view of radar rainfall. In the assessment of the sources of error 

in radar retrievals, are the authors referring to their own gauge correction procedure or other published 

work? Further, I understand that the authors use the radar data to evaluate the spatial distribution of 

rainfall, but how does aggregating the 1.5km data to 12km (which I assume they did for a fair 

evaluation) change the interpretation of the spatial patterns for such small regions of Australia. At 12km 

resolution, an evaluation against satellite retrievals (e.g. GPM IMERG final product) may provide the 

same information but for the whole country. 

Our assessment of radar was based on the review of various studies mentioned in the paper. The blended 

radar data were made available from Bureau of Meteorology, Australia. The blended radar had already 

gone through the gauge correction procedures and any assessment regarding such corrections is beyond 

the scope of the paper.  

We properly acknowledge that the radar dataset is the best available spatial dataset and provides an 

accurate estimate of spatio-temporal distribution of rainfall. In addition, we apply area-weighted 

approach to re-grid BARRA (~12km) to radar grid (~1.5). It can be expected that the re-gridding of 

BARRA will underestimate the intensity of rainfall at a finer scale. To address this, we apply percentile-

based threshold while calculating Fractions Skill Score (FSS) to evaluate spatial distribution of rainfall 

field. Nonetheless, any results from FSS obtained for a spatial scale less than <12km should be 

interpreted carefully.  

Similarly, we agree with the concept that evaluating the BARRA across the whole country would 

provide valuable information. Such evaluation, however, would be limited by the availability of 

high-quality and high-resolution benchmark datasets. As mentioned in the comment by Reviewer #2, 

satellite retrievals such as the IMERG final product could possibly be used for such a large-scale 

evaluation. Assessments of the IMERG final product have been shown to perform better than TRMM 

or the IMERG initial run (Beck et al., 2019; Wang et al., 2017), however, a majority of such evaluations 
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are limited to daily scales (Beck et al., 2019; Wang and Yong, 2020). As our assessment focuses on 

sub-daily rainfall from the novel regional reanalysis dataset (BARRA) we would expect the benchmark 

data to be accurate at that temporal scale. Currently, there are no comprehensive assessment of the 

IMERG final run at sub-daily scales for Australian continent, and this limits our study to evaluate 

against a more accurate radar datasets at selected locations. A more detailed spatial assessment of 

BARRA would be possible once further comprehensive assessments of high-resolution satellite datasets 

are available.  

In the revised manuscript, we will clarify the rationale for the choice of study areas and reference 

datasets used in the current study. We will further discuss our current limitations in evaluating over 

entire Australia and provide comment on possible directions for future assessments. 

 

Box plots in Fig. 2 are very difficult to see on the printed version. Perhaps a landscape layout for figure 

2 might help? 

We agree that the figure, currently, is difficult to read. We will present an improved plot either by 

splitting the maps and the boxplots, or changing the orientation of the plot in the revised manuscript. 
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