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REVIEWER: Summary

This study discusses a new technique for measuring rainfall. This consequently
would satisfy the need for hydrological analyses like urban hydrology, where high
temporal and spatial resolution rainfall data are required. Although several studies
have addressed alternative ways for measuring rainfall such as using microwave links,
this study specifically investigates rainfall information from automatic personal weather
stations (PWSs) for point-measurement purposes. I found the topic quite interesting
as such approaches may indeed provide valuable information.
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AUTHORS: We want to thank the reviewer for the review of this paper. We appreciate
all the suggestions to improve this manuscript, and address each of them below.

REVIEWER: General comments:

I found the manuscript a bit hard to follow. The authors may consider the following
points for improvements. The structure of the manuscript may need some modifica-
tions. For example, you may introduce the “Methodology” the “Data and study area” in
separated sections, and not combined. Providing some important details would make
getting the message of the manuscript easier. More information is required explaining
the functionality of the devices used in this study. Although some devices do not have
the sought information, providing available information, e.g. for Netatmo, would help to
better follow the text. You may even add some figures for that reason. The message
of some sentences is not clear. Furthermore, some sentences have minor/major
language problems and/or they are too long. You may consider English proofread-
ing. Another point is the objective of this study. The last paragraph in introduction
addresses the objective of this study. You may clearly add the fact that using these
measurements is economically reasonable comparing to conventional techniques.
At the end I would like to add that there are some facts given without proper references.

AUTHORS: We thank the reviewer for the suggestions on how to improve the
manuscript, and we will re-evaluate the structure of the sections in order to improve
readability. The text will be scanned for sentences that are unclear and/or without
proper reference. The argument of the reviewer regarding the objective of this study
will be added to the last paragraph of the Introduction.
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Section 2.1.1. contains product specifications (as provided by the manufacturer) on
the Netatmo rain gauge devices. More information could be given on the data transfer
between devices in a station; the rain module, i.e. the tipping gauge, communicates
in a wireless manner to the indoor module over distances up to 100 m. Every 5
minutes (time step may vary) the number of tips in that interval is communicated from
the indoor module to the online dashboard via a WiFi-connection. Such background
information will be discussed more prominently in this section.

REVIEWER: Scientific comments:

You addressed a study where they used “average value of 12 pixels”, and furthermore,
you addressed the difficulties radar data have, especially when comparing to “ground-
based measurements”. You used in this study 1 radar pixel as the reference at the
end. You may elucidate the reason for that.

AUTHORS: Though radar provides rainfall estimates with a large coverage, they are
indirect measurements of rainfall averages over a spatial area (pixels 0.92 km2 for
our C-band Doppler radar product) representative for a significant altitude above the
ground (≈ 1.5 km). Because radar measures in a volume aloft, there will always be
differences with point measurements at the ground. This difference will not decrease
by averaging rainfall in multiple radar pixels. Although averaging over radar pixels may
smooth such an error, it also implies that rainfall from a much larger area is compared
to a point measurement, which will introduce an additional difference. Figure 5 shows
the scatter plots of Netatmo measurements with radar data as well as with the pit
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gauge reference. This figure is meant to highlight that even though the Netatmo
rain gauges show good correspondence with the pit gauge reference (both are point
measurements), a larger spread is found when comparing with gauge-adjusted radar
rainfall. This is helpful in the interpretation of the analyses of PWS rainfall data in
Amsterdam. For these time-series no ground-based point reference is available, which
is why we compare with the gauge-adjusted radar data.

REVIEWER: Also, you may explain the method (you) used for correcting (adjusting)
radar data.

AUTHORS: Section 2.1.2. describes the radar dataset used in this research. Data
from two C-band Doppler weather radars in De Bilt and Den Helder have been
adjusted with ground-based rainfall measurements. This adjustment was already
done and has not been performed as part of this study. The dataset has been made
available by KNMI. For information on the methods used we refer to previous research
(Overeem et al., 2009a, b, 2011), though some more background will be provided in
Sec. 2.1.2.

REVIEWER: The same is valid for the experimental set-up. You may add how exactly
the reference device “KNMI pit gauge” measures rainfall.

AUTHORS: The KNMI pit gauge has been introduced in Sect. 2.1.3., which also
includes information on the pit gauge configuration. It is an electronic rain gauge,
measuring cumulative rainfall every 12 s. A potentiometer connected to a floating unit
measures the amount of liquid water. A heating element makes it possible for the
device to accurately measure solid precipitation.
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REVIEWER: I could not really understand the reason why you used Pearson correla-
tion coefficient for your analyses. You may add some other criteria like bias, root mean
square error, etc.

AUTHORS: The Pearson correlation coefficient is a widely used statistic to describe
correspondence between rain gauge measurements, in order to characterize the com-
plex spatial structure of rainfall patterns. The dependence of the Pearson correlation
coefficient with distance between gauges has been evaluated by Habib et al. (2001),
Krajewski et al. (2003), Ciach and Krajewski (2006), Villarini et al. (2008), Tokay
and Öztürk (2012) and Peleg et al. (2013). In order to compare with results in these
papers, a similar method was chosen.

Figure 6 describes the accumulation interval dependence of the correlation between
gauges and the pit gauge reference. The same figure has been made for the
coefficient of variation (CV) of the residuals. The CV values decrease with increasing
accumulation interval where they approach zero (indicating a perfect match) at 15
minute intervals. The values of the Wunderground timeseries approach zero at a
slower pace than the Netatmo original data. As this CV-analysis did not provide any
additional information beyond that communicated by Fig. 6, it has not been included in
the manuscript.

The Pearson correlation coefficient and the CV give information on the random error.
Figure 5 and Fig. 7 give information on the bias.

REVIEWER: Regarding the “inter-station correlation”, you may add the way you
estimated the parameters.
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AUTHORS: The parameters in Fig. 12 have been determined by fitting Eq. (2), where
the correlations between stations and the inter-gauge distances were used as input.
Fitting was done by determining the nonlinear (weighted) least-squares estimates of
the parameters. This will be included in Sect. 3.4.

REVIEWER: Some of the specific comments for the abstract and introduction section
is provided in the following:

P.1 - L.7: are you referring by “63 stations” to the Netatmo network in Amsterdam?

AUTHORS: The 63 stations do not exclusively refer to Netatmo stations. Figure 2
shows which of these stations are of type Netatmo (square symbols) and which are
of other types (triangle symbols). The time-series are obtained from the Wundermap
website, as described in detail in Sect 2.1.1. We will clarify this in the revised
manuscript.

REVIEWER: P.1 – L.10: “the method of data transfer to the online platform causes
considerable errors in the datasets obtained.” This phrase may need some modifica-
tions.

AUTHORS: The sentence will be rephrased in “The sensor performance in the experi-
mental set-up and the density of the PWS-network are promising. However, features
in the online platforms cause changes in the time-series, resulting in considerable
errors in the datasets obtained.”
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REVIEWER: P.1 – L.16: Does “data conversion” refer to “data transfer” you provided
some lines earlier? The word “conversion” sounds a bit strange in this contest.

AUTHORS: This refers to adjustments made to the measurement time-series by
features of the online platforms. Data conversion occurs within the data transfer. This
will be rephrased in order to avoid confusion.

REVIEWER: P.2 – L.3: Why “Rainfall” starts with capital letter? And “from the radar”;
you may change to “from the radar station”.

AUTHORS: This should indeed not be a capital. “from the radar” will be changed into
“from the radar station” as suggested.

REVIEWER: P.2 – L.4: “and which may..” I suppose one may not put “and” and “which”
together.

AUTHORS: This will be corrected.

REVIEWER: P.2 – L.7: Does “spatial resolution” mean “network density”?

AUTHORS: Spatial resolution is directly related to network density, only if all stations
in the network are measuring constantly. In most PWS-networks, spatial resolution is
lower than the actual network density because of station outages and periods of fewer
measurements in time.
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REVIEWER: P.2 – L.10: You may add a comma after “Hydrological models” and a
comma before “have minimized”.

AUTHORS: This will be corrected.

REVIEWER: P.2 – L.15: What is the spatial resolution of 3 km? Is it a 3 km x 3 km?

AUTHORS: A spatial resolution of 3 km generally corresponds with a 3 km x 3 km
square. Here it means that measurements are taken on average 3 km apart. For
crowdsourced measurements, the inter-gauge distance is likely to vary slightly, as the
placement of stations is irregular and not in a regular grid.

REVIEWER: P.2 – L.21: Bruni et al. (2015) “addressed”.

AUTHORS: This will be corrected.

REVIEWER: P.2 – L.24: When explaining “Smearing”; “the ratio of the resolution”: are
you referring to temporal, spatial or tempo-spatial resolution?

AUTHORS: Here we refer to spatial resolution ratios. This will be clarified in the text.

REVIEWER: P.2 – L.30: Ochoa-Rodriguez et al. (2015) “evaluated the”

AUTHORS: This will be corrected.
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REVIEWER: P.2 – L.31: You may add a comma after “1 km” and a comma before “was
found”.

AUTHORS: This will be corrected.

REVIEWER: P.2 – L.34: Not all radar products are in 5 min temporal resolutions.
Some X-Band radars work in 30-sec temporal resolution.

AUTHORS: The phrase will be changed to “Temporal resolutions should ideally be be-
low the 5 min intervals currently available in most operational weather radar-products,”.

REVIEWER: P.2 – L.35: “impact on the accuracy than coarsening spatial scales does.”
I would change the word scale to “resolution”. Furthermore, you may omit “does” at
the end of the sentence.

AUTHORS: This will be corrected.

REVIEWER: P.3 – L.2: “evaluate” to “evaluated”. You may rephrase the entire
sentence.

AUTHORS: This will be corrected.

REVIEWER: P.3 – L.9: What type of sensors are you referring to? Rain gauges?

AUTHORS: The sensors we refer to are any type of sensors that measure rainfall. We
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will clarify this in our revised manuscript. This could be rain gauges, though it could
also refer to disdrometers.

REVIEWER: P.4 – L.10: But you did not investigate for any urban applications. Your
study area is located in an urban area.

AUTHORS: The existing PWS-network is tested on the demands specified in the
literature for urban hydrological applications. The required spatial and temporal
resolutions of measurements are considered. Based on the number of stations and
frequency of data upload, the resolution approached the required values stipulated in
literature. However, there were errors in the datasets originating from data transfer
as well as other sources. These errors can be compensated by averaging rainfall
measurements in space and time. This decreases the effective resolutions of the
network.

It shall be noted more clearly that this study focused on whether this rainfall data
source meets the requirements of urban rainfall monitoring as specified by previous
research (see Introduction) rather than of reexamining these requirements.
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