Reply to Reviewer comments

Reviewer 2

Summary: The manuscript by Pradhan et al. presents a nice overview of the considerable
differences between five global hourly precipitation products, which can be considerable,
in particular at such a fine temporal scale. It evaluates 4 different satellite products and a
reanalysis product, focusing on precipitation amount, frequency and intensity, and investi-
gating the mean annual diurnal cycle of these. By highlighting the significant uncertainties
and the inhomogeneity in these, it emphasizes the need to consider and integrate multi-
ple and diverse products, and avoid relying on a single dataset when using and analyzing
global precipitation patterns. It also hints, that there is still a lot of work to be done for

improving our measurements and process understanding at the subdaily time scale
General comments and recommendation:

The manuscript is well written, it has a clear and logic structure, the data and methods
used are mostly well described or supported by relevant sources. The manuscript generally

features high-quality and interesting figures.

It is a very timely and interesting study, the use and availability of datasets is steadily
increasing, with regular refinements being applied and released. Large scale data sets allow
us to improve our understanding of the system, on one side of the underlying processes,
linkages and feedbacks, and this in turn —on the other side- allows us for describing un-
gauged or poorly/less well understood areas of the world. Precipitation is key and one of
the most challenging variables in the water cycle (and hydrology?), the current intensifi-
cation of the latter makes the subdaily time scale increase in relevance, in particular in

regard of extremes.

It is great to see the large number of products rather meticulously analyzed, I congratulate
the authors for this, and for the interesting selection of products. While I did enjoy reading

this thorough paper, I would have a few (major) comments and suggestions:
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We thank the reviewer for his/her constructive and very detailed comments on the manuscript.
We are glad the reviewer finds our work interesting. We generally agree with the reviewer’s

comments, and happy to implement the suggested changes to the benefit of the manuscript.

1) The authors perform all their analysis by considering the whole year —as a bulk, without
breaking their analyses down to the seasonal scale. I wonder why is this so, and if it’s not
averaging out everything a bit too much? While this is not relevant in the intertropical
zone, to my understanding seasonal precipitation patterns significantly vary throughout
the year, at least over land, in the rest of the world. Chen et al. 2024 published recently a
study presenting a very similar kind of analysis, but focusing on a single product, IMERG
V06. They also show a significant seasonal cluster transition, which I think would be of
interest (and relevant?) for the readers when looking at the authors’ analyses too. I believe
the authors should at least comment on this in their work, and clearly justify why the study

sticks to the annual scale, and what does this means.

We agree that seasonal analysis can provide valuable insights, especially in regions outside
the intertropical zone where precipitation patterns vary significantly throughout the year.
The primary reason for focusing on the annual scale rather than the seasonal scale is to
provide a broad, more general perspective on the performance of precipitation products
at a global level. This approach allows us to identify the overarching trend and pinpoint
regions where discrepancies among the dataset are most pronounced, which serve as a

foundation for future, more detailed studies.

While we have conducted seasonal analyses as well, including all related figures in the
main manuscript would make it overwhelming and challenging to interpret, compare, and
discuss in detail. To address this, we have included some of the seasonal analysis results
here (please see Figures 1-6). Nonetheless, we are working on a follow-up study that will

dive deeper into seasonal dynamics.

Regarding the study by Chen et al. (2024), they focused on a single product (IMERG

V06) and analyzed the diurnal cycle without including multi-product comparisons. In



contrast, our study examines five products and presents some hourly intercomparisons
before delving into the diurnal variation. Moreover, as the title suggests, their primary
objective was clustering the diurnal cycle, whereas our study emphasizes intercomparison
among the estimates. In our case, K-means clustering is employed merely as a tool to
facilitate an effective intercomparison of the products, as it would otherwise be challenging
to present the diurnal variation at each grid. Including seasonal variations for all these
products would make the presentation too complex and cumbersome. Therefore, we have
chosen to focus on the annual scale in the main manuscript. Nonetheless, we have cited

the sudy by Chen et al in various sections of the manuscript as suggested by the reviewers.

JJA DJF

0.13 WWW /_bﬁ\\_/"“‘\._._._./”

011
0.09 r

1eqo|9

£ 020
£ 015 T SN S |8
o 0.05 r
= 016 o ———
014 F \N\*_// \W o
0.12 —% % @
0.10 o
0.08 _| 1 1 1 1 1 1 1
0 5 10 15 20 0 5 10 15 20
Hour (LST)

- IMERG —— GSMaP —— CMORPH — PERSIANN — ERA5

Figure 1: Diurnal variation of precipitation amount (mm/hr).

2) In their study, if T understand this correctly, the authors use all products together for
estimating the clusters. There might be products “forcing” a reduction of the number of
clusters, e.g. ERA5? It would be interesting to see a K-means clustering performed per
precipitation product vs. the K-means clustering performed over all products. I will come
back to the K-means clustering also in the specific comments, but in general I believe they

should spend some more words and figures on how they performed the clustering.

We appreciate the reviewer’s insightful question regarding the clustering methodology.
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Figure 2: Diurnal variation of precipitation frequency (%).
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