Reply to Reviewer comments

Reviewer 1

Summary

The paper addresses the critical importance of accurately estimating global precipita-
tion, especially at the sub-daily scale, where uncertainties are typically higher than daily,
monthly, or annual estimates. The study has been conducted on satellite-based and re-
analysis products on a global scale. The study specifically investigates the diurnal cycle
of precipitation using a comprehensive analysis of five global precipitation products that
provide at least hourly resolution data: The analysis focuses on three key parameters of
the diurnal variability of precipitation: precipitation amount, frequency, and intensity.
The study highlights the need for integrating diverse datasets to minimize uncertainties
and ensure a more accurate analysis of global precipitation patterns. Relying on a single
precipitation product can lead to misrepresentations due to the inherent discrepancies in

the diurnal cycle estimates.

We thank the reviewer for his/her constructive and encouraging comments, and truly
appreciate for the time and efforts to review the manuscripts. We paid detailed attention

to all the reviewer’s comments/suggestions and have responded accordingly.
Major Comments:

If the primary goal is a relative comparison among the products (e.g., to understand dif-
ferences in product outputs without focusing on absolute accuracy), then comparing the
products directly to each other is acceptable. However, for a comprehensive evaluation
of accuracy and applicability, it is ideal to use a reliable benchmark dataset. This pro-
vides valuable insights into the behavior of each product with respect to the intensity and

frequency, allowing for a more robust assessment.

We completely agree with the reviewer that the comparing the datasets with a benchmark



would have definitely added further insights into their accuracy and applicability. However,
the lack of a global benchmark product at such high spatial and temporal resolution hinder

such studies at the global level.

Indeed, we are interested here in relative comparison, and finding the uncertainties among
the estimates rather than finding out the best product. The same is also exclusively high-
lighted in the conclusion section of the study as; P-23 Line 529 ‘Overall, the study provides
an overview of the agreements and disagreements among the precipitation products at a
sub-daily scale on a global level, rather than making claims about the superiority of any

one product.’

Why did you not use the latest version of the IMERG product (v07) in this study? Using
the most recent version is crucial, as updates in IMERG v07 may include improvements
in algorithm accuracy, enhanced calibration, and adjustments based on newer gauge cor-
rections. These enhancements can significantly impact the reliability and precision of
precipitation estimates, which is particularly important for a robust inter-comparison of
precipitation products. I strongly encourage you to consider using IMERG v07 that has
been released in 2023, in your analysis to ensure that your findings are based on the most

accurate and current data available.

The study was carried out early in 2023, prior to the release of IMERG V07. Due to
certain circumstances the manuscript was postponed. Nonetheless, since IMERG V07 is
now available, we agree with the reviewer suggestion that ensuring our findings are based
on most accurate, we decided to replace IMERG V06 with IMERG V07 in the revised

manuscript.

Minor Comments:

For PERSIANN, and CMORPH the link where the data have been downloaded are men-
tioned, please do the same for IMERG and GSMaP:



The reviewer’s remarks will be added in the revised manuscript as follows; “The IMERG
precipitation datasets are accessed from the NASA Goddard Flight Center (https://

gpml.gesdisc.eosdis.nasa.gov/data/GPM_L3/).”

“The GSMaP estimates are obtained from the JAXA G-Portal (https://earth.jaxa.jp/
gpr/).”

Line 136-139: please add a reference

The following reference will be added in the revised manuscript; “Subsequently, they are
further refined to the desired 0.25° x 0.25° resolution through the nearest neighbour in-
terpolation technique (Thiessen, 1911; Berndt and Haberlandt, 2018)”.

Line 170-172: This statement is not fully clear to me. Does it mean that in this case,
adding more than 4 clusters improved WSS by less than 7%? And based on that the
additional clusters did not significantly enhance clustering quality. Selecting k=4, avoids
overfitting while preserving meaningful pattern distinctions in the diurnal precipitation

data. Is it correct? If yes, I suggest rephrasing your statement to be more clear.

Indeed, the reviewer understanding is correct. Adding more than 4 cluster resulted in re-
duction of WSS of less than 7%, which indicate the additional clusters did not significantly
improve the clustering quality. To clarify this point to the readers, we have rephrased
the sentence as follows: “To determine the optimal number of clusters, the process was
iterated from K = 1 to K = 15. Ultimately, k = 4 was selected as the appropriate number
of clusters because the reduction in the within-cluster sum of squares (WSS) for additional

clusters was below 7%.”

Line 216-217: Please mention which index you are referring to, here you refer to intensity,

am [ right? Do you have an idea of what might be the possible causes for the sharp decline



of GSMaP over south hemisphere?

No, we are refereeing to precipitation amount index in that context. There are three
paragraphs, each addressing a different index: the first and second paragraphs refers to
precipitation amount and frequency, while the third one focuses on intensity. To make this

clear we will cite the figure number there.

Regarding the sharp decline of precipitation features for GSMaP, although the exact reason
is yet unknown, it is could be mainly caused by the underestimation of heavy precipitation.
We have added further discussion attributing potential causes as follows: “In the southern
hemisphere, GSMaP has shown a sharp decline from -30°S until -60°S which could be
attributed to the underestimation of heavy precipitation events over the ocean. GSMaP’s
tendency to underestimate both the amount and frequency of heavy precipitation has also

been reported in previous studies (Weng et al., 2023; Ning et al., 2017).”

Line 284-288: Is the only possible reason for differences between IMERG and GSMaP
the use of different gauge corrections? What about the variations in their underlying
algorithms? In short, while both IMERG and GSMaP utilize a similar constellation of
satellite estimates, they differ in algorithms, processing techniques, and data sources, all

of which could contribute to the observed discrepancies in precipitation estimates.

I'm also interested in learning more about any overlap between the GPCC and CPC net-
works, as well as an approximate count of gauges used by each. Additionally, since GPCC
and CPC likely apply different quality control, calibration, and interpolation methods, this
could further contribute to differences in their final precipitation products, even when some

gauges are shared.

We agree with the reviewer’s comment that the difference between the IMERG and GSMaP

is more than just solely attributed to the gauge correction. Indeed, there is some overlap



between the GPCC and CPC stations (Kidd et al., 2017). However, estimating the exact
number of overlapping stations is challenging due to variations in data sources, quality
control procedures, and the number of gauges, which fluctuate over time. GPCC uses a
time-varying collection of data from over 86,000 stations across the globe (Sun et al., 2018;
Schneider et al., 2014). It requires at least 10 years of continuous data for the station to be
included in the database. In contrast, CPC utilizes approximately 30,000 stations globally
and incorporates historical data and additional sources (such as radar and satellite) to
perform quality control on raw datasets. The following discussion has been added to the

revised manuscript;

“This behavior of GSMaP over land is notable, considering both IMERG and GSMaP use a
similar constellation of satellite estimates. Nevertheless, it should also be noted that both
datasets use different gauge corrections over land. IMERG applies GPCC corrections on
a monthly scale, while GSMaP utilizes CPC corrections on a daily scale. GPCC accesses
from a time-varying collection over 86,000 stations (Sun et al., 2018; Schneider et al.,
2014), whereas CPC uses data from 30,000 stations over the globe (Xie et al., 2010).
Although there is some overlap among the data sources, both datasets (i.e., GPCC and
CPC) exhibit differences due to their underlying quality control measures, interpolation
techniques, and other factors. Moreover, beyond gauge corrections, differences between
IMERG and GSMaP in their precipitation retrieval algorithms, sampling frequency, and
other aspects could also contribute to the observed discrepancies. Among these factors,
gauge correction is likely a major reason, as the differences are more pronounced over land
than over the ocean. Similar performance of GSMaP has also been reported over China
(Weng et al., 2023), where it failed to detect precipitation events during the wet season

and underestimated both the frequency and magnitude of precipitation extremes.”

Line 303-306: It might be interesting for some readers to have more information on some
of the possible reasons for these phenomena! For example, the interactions between Sea

Surface Temperature and Boundary Layer: Over oceans, cooling at night allows for more



stable conditions near the surface, which can promote the formation of precipitation in the
early morning hours. The surface cooling also reduces convective inhibition, allowing for
nighttime or early morning convection. You can also mention other possible reasons such

as “latitudinal differences in sunlight and heat retention” etc.

The same comment applies to the “coastal regions” and “over land” parts. Figures 6, 7,

and 8: These are very good figures; they're highly informative and well-designed.”

Thank you for the insightful suggestion. We will add the physical mechanism responsible
for those as; “The diurnal variation in precipitation is primarily driven by the difference in
diurnal temperature variation between land and ocean, owing to the ocean’s higher heat
capacity compared to land. In general, the afternoon peak in precipitation over land is
mainly attributed to daytime solar heating, which destabilizes the atmosphere and triggers
convection (Yang and Smith, 2006). In contrast, cloud-top nighttime radiative cooling and
the resulting thermal instability of the atmosphere cause nocturnal or early morning pre-
cipitation peaks over the ocean (Yang and Smith, 2006). Coastal regions, which experience
precipitation peaks between those of land and ocean, are influenced by land-sea breeze in-
teractions. Additionally, other mechanisms such as regional topography (e.g., mountains
and valleys), latitudinal differences in solar heating, and complex local atmospheric circu-
lations, either individually or in combination further complicate and influence the diurnal
variation of precipitation in specific regions (Wang et al., 2023; Ruiz-Hernéndez et al.,

2021).”

Page 15, Figure 7: Do you know why GSMaP displays these north-south striping patterns

for the peak precipitation frequency hour?”

Generally, those north-south striping patterns occur in all the datasets, but they are more
pronounced in GSMaP. The main reason for this remains unclear, but we will look into it

in detail and report the appropriate reasons.
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