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Decision: Major revisions
General

This manuscript focuses on” quantify and describe the spatial and temporal structure of
the rainfall event occurred on 29 October 2024 exceeding 300 mm within less than 24 h,
that caused devastating floods in the province of Valencia in Spain. Using rainfall
observations from approximately 225 personal weather stations (PWSs), low-cost
commercial devices primarily operated by citizens. The network density of PWSs is ~7
times higher compared to the dedicated rain gauge network operated by the Spanish
Meteorological Agency (AEMET) in the province of Valencia, allowing a more detailed
analysis of the spatial and temporal rainfall dynamics. Overall, interesting study using
low cost sensors’ measurements to quantify the precip/flooding conditions. Although,
scientifically interesting work, there are several limitations in the analysis and needs to
be addressed before going to be published.

We would like to thank the referee for the constructive feedback on our manuscript. We
highly appreciate the time and effort to read our manuscript. We will take the comments
into account when revising the manuscript.

We separated the different comments, shown in italic, from our replies (in regular font)
below. In bold we provide our revised text.

Major issues:

1. Needs to show precip rate measurements versus a pluvio/distrometer based
measurements. Tipping Buckets have their own issues as you described here.

We agree with the reviewer that it is important to make a comparison with accurate rain
gauges (such as pluvio or disdrometers) in order to quantify the performance of tipping
bucket gauges from PWSs. Previous studies already performed such comparisons. For
example, de Vos et al. (2017) used an experimental setup to show that under ideal
circumstances (i.e. installed and maintained according to World Meteorological
Organization standards), three PWSs recorded rainfall with high accuracy. The reference
station was a floating-type-gauge from Royal Netherlands Meteorological Institute



(KNMI), which estimates cumulative rainfall every 12 s by measuring the displacement
of a float placed in a reservoir. More recently, Rombeek et al. (2025) performed a
systematic long-term analysis involving PWS rainfall observations and focused on the
highest rainfall events over different accumulation intervals and seasons over a 6-year
period. That study compared rainfall observations from PWSs against KNMl’s
professional rain gauge network (float-type), and showed an overall high performance of
the PWSs, especially for longer accumulation intervals.

Building on these previous findings we did not re-address this comparison. As it is not
clear from the current manuscript why we did not perform this comparison, we will add
the paragraph above in the introduction to make it clear for the reader that previous
studies already investigated the performance of PWSs compared to float-type-gauges.

Since rainfall observations from PWSs are prone to PWS-related-errors, such as those
related to inappropriate setups and a lack of maintenance, we found it essential to
compare them with the dedicated rain gauge network from AEMET (which are
presumably installed and maintained according the WMO guidelines), to assess their
reliability for this specific event. This comparison, already presented in the manuscript
in Section 4.1 (Fig. 3 and lines 156-166), was used to assess the accuracy of the rainfall
observations from the PWSs against the dedicated rain gauge network from AEMET. To
limit spatial representativeness errors in this comparison, we selected for each AEMET
rain gauge the nearest PWS, with a maximum inter-gauge distance of 10km. If the inter-
gauge distance exceeded 10 km, the AEMET-PWS pair was discarded. This resulted in
24 AEMET-PWS pairs that we used for the comparison. This comparison shows that
there is a high correlation coefficient (r = 0.94) between the datasets and confirms that
there is a small underestimation (bias =-0.04, see Fig. 3). Therefore, we consider the
rainfall observations from the PWSs in the study area sufficiently reliable for the
purpose of this study.

In Figure 3 we compared two different datasets from two different rainfall sensors,
namely rainfall observations from PWSs with the dedicated rain gauge network from
AEMET, see also answer to point 1.

The rainfall observations from PWSs have a temporal resolution of 5 min. Rainfall
observations from AEMET were only freely available with a 6h temporal resolution,
unfortunately. We agree that a 5 min comparison between the rain observations from



these different rain gauge networks would have been preferable. However, to the best of
our knowledge, a higher temporal resolution from AEMET gauges is not freely available.

The weather system that caused this flood is a cut-ff low, referred to as DANA is Spanish
(Isolation Depression at high levels), see also Faranda et al. 2024.

In the initial phase and maturity, DANASs typically show up on the high-altitude maps (at
250, 300 and 500 hPa) (Llasat et al. 2007).

In figure 3 we compared the daily rainfall observations (mm/d) of the dedicated rain
gauge network from AEMET with the daily rainfall observations from personal weather
stations. Each blue circle is representing another AEMET-PWS pair, with the rainfall
observations from the AEMET stations on the x-axis and from the PWSs on the y-axis.
The statistics shown in Fig. 3 are averaged over the 24 AEMET-PWS pairs. The 0.94
indicates the correlation coefficient (see also caption of Fig. 3). For more details, we
refer to our answer to point 1.

We believe that a scatter plot (indicating random error) and double mass plot (indicating
bias error) already provide a complete picture of the correspondence to the nearby
PWS. The figures already show graphically the effect of rainfall intensity on the
differences between the nearby PWSs at a 5-min temporal scale (see Appendix Fig.A1
for the hourly scatterplot). We decided notto include a regression analysis in Fig. 4a,
because both datasets come from PWSs and none of them can be considered a
reference. To study the effect on potential biases we included the double mass analysis,
see Fig. 4b.

We agree with the reviewer that there are notable differences between the PWSs. In L54
we mentioned that rainfall observations from PWSs are not perfect, but prone to several
sources of error. These PWS-related-errors, such as sub-optimal installation and



maintenance, and the fact that the PWSs are not collocated, likely play arole in
explaining the differences shown in Fig. 4.

The accumulated precipitation is included in Fig. 5¢c. The second event is also visible in
the dashed line (indicating a rainfall sum of around 200 mm before the second peak and
approximately 300mm after the event). We also checked all other panels in Fig. 5, which
display the precipitation accumulated over time. We were not able to find one instance
where the accumulated precipitation is not showing the second event.

We agree with the reviewer that an independent instrument is essential for assessing
data uncertainty. In the manuscript we already compared PWSs in the Valencia region
with the dedicated rain gauge network from AEMET, see also our answer to point 1.

We recognize that there can be a significant wind effect in rainfall measurements and
that this could be interesting for future studies. However, in our study we did not take
wind measurements into account, as PWSs are not necessarily equipped with a wind
modaule. Since these wind modules are an optional extension that needs to be bought
by citizens, only a limited humber of PWSs provide wind in addition to rainfall data (e.g.
less than 17% of the PWSs in the Netherlands have a wind module). These wind
measurements are also more sensitive to setup and maintenance related errors
compared to the rainfall observations from PWSs. Further research is required to assess
the reliability of these measurements, which lies outside the scope of this study. We will
add a sentence to the manuscript mentioning this as a potential subject for future
research.

The streamflow observations we presented in our study were obtained from the local
waterboard (Confederacion Hidrografica del Jucar). These values represent the
observed flows on the days before, during and after the flood event.

We agree with the reviewer that catchment properties, including slope and land use,
play an important role in the hydrological response and should not be overlooked.
The current study focuses specifically on describing and quantifying the spatial and
temporal structure of the flood-producing rainfall event on 29 October 2024. For this



reason, we did not look at catchment properties, such as slope and land use, which
likely affected the hydrological response.
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