Interactive discussion for amt-2018-302:

The Disdrometer Verification Network (DiVeN): a
UK network of laser precipitation instruments

Response to Reviewer 1
The authors thank the reviewer for their time and consideration given to this manuscript.
The reviewer’s comments have been listed below in bold and responded to individually
in red italics.

General Comments:
The reviewer fist thought that the purpose of the paper is to use Theis Laser
Precipitation Monitor (LPM) to evaluate the radar-based precipitation phase
algorithm over United Kingdom. The manuscript is actually evaluated Their LPM
phase algorithm with human observer. The manuscript also deals with the
technical aspects of the data collection process from Theis LPM in near real time.
The manuscript includes quite a bit information regarding precipitation
measurements which are not relevant to this study. What is the relevance of tipping
bucket gauges if the main purpose is related to the precipitation phase. The authors
mentioned about dual-pol radar-based hydrometeor classification algorithm which
was not used in this study. The section 1.1 is misleading regarding the main
content/purpose of the study.
Perhaps, the key issue of the study is the Theis LPM precipitation phase algorithm
which was disclosed by the manufacturer. As expected Theis LPM uses fall velocity
versus particle size to determine the phase of the hydrometeor. In that regard, what
is the accuracy of size and fall velocity. Is there any literature where the fall velocity
has been presented? Even accurate fall velocity measurements, the study cannot
comment on the error sources on the precipitation phase algorithm since this is
not available.

The title of the manuscript is quite general and it is hard to extract the content of
the paper from the title.
The authors dedicated a section on the installation and cost of DiVeN. The text is
written in quite detail and perhaps too much detail information. The price of the
each element of the network is given in pounds. It is expected that the price is fluid,
changes with time and should not be included in peer-reviewed journal.
Section 4.2 describes the second case study. Unlike 4.1 and 4.3, this section deals
with the size distribution measurements and rain intensity. The reader is get
confused since this is not expected in this study. The reader would like to know
more about the performance of Theis for precipitation phase. Section 4.3 was quite
useful. It is understandable that the Theis and similar instruments can confuse light
snow from drizzle since the fall speed are similar in this size regime. Going back to
section 4.2, what is the purpose of presenting raindrop size distribution
comparison. It is feasible that Theis may have splash drops but Joss-Waldvogel
disdrometer and PWS100 are not standard and cannot be used as a reference. It is
likely that they both underestimate small drops severely. Thurai and Bringi (2018,
Journal of Applied Meteorology and Climatology) introduced Meteorological
Particle Spectrometer which is sensitive to the small drops. The author should
consider this study as a reference.
The manuscript is well written and has original aspects. Sections 2.2, 4.1, and 4.3
have useful information for future Theis LPM users. With a major revision, basically
shortening the manuscript, the study has a potential to be published.
General comments response:
The purpose of the paper is to describe and introduce a new network of commercially
available Thies LPM disdrometers in the UK. As such, the focus of the paper is on the
discussions of the creation of the network, the details of the instruments that have been
provided by the manufacturer and demonstrate the use of the dataset through the
examination of some initial cases. The paper is not trying to critically evaluate the Thies
or the internal algorithm that it uses for Present Weather type. Nor is it introducing the
instrument as a new device — which the authors agree would require rigorous laboratory

experiments to justify the standalone skill of the instrument. The Thies LPM has been a
commercially available product for over 10 years and the algorithms it utilizes are
provided by the manufacturer.
The authors accept that, as originally presented, the introduction could cause a
misinterpretation of the paper's purpose. The paper’s focus is intended to be a description
of a network and the dataset it is creating which has been created due to the need for a
data set that could be used to compare to a surface radar hydrometeor type product.
However, there are further uses for the network within the research community, which
this paper seeks to encourage. Several changes have been made throughout the text to
clarify the purpose of the paper. The notable changes are shown below.
1.1 Precipitation Instruments
changed to:
1.1 Motivation for DiVeN
2.2 paragraph 3 removed first sentence.
Abstract:
Here we describe the Disdrometer Verification Network and subjectively discuss
the skill of the Thies LPM for hydrometeor type identification using specific cases
from the first year of observations.
changed to:
Here we describe the Disdrometer Verification Network and present specific cases
from the first year of observations.
Section 1.3:
This paper describes DiVeN and attempts to subjectively analyse the abilities of
the Thies LPM instruments being used.
changed to:

This paper describes DiVeN and demonstrates the data products of the Thies
LPM instruments being used.
Section 1.3
These events will provide a subjective analysis of the accuracy for the disdrometer
instruments and thus determine the qualitative abilities of the network for HCA
verification.
Changed to:
These events will provide an illustrative analysis of the observations being
produced by all the individual disdrometer instruments within DiVeN.

Special Comments:
1) Page 2, line 6, what is the reference for moderate rainfall? The Glossary of
American Meteorological Society defines the boundaries of rain intensities.
The authors have removed the word “moderate” as descriptor as it is rightly identified by
the reviewer as an ambiguous definition.
2) Page 2, line 17, single polarization radar may or may not have the Doppler
capability. Please clarify.
The authors agree with the reviewer and have removed all mentions of “Doppler” from
the paragraph.
3) Page 2, line 20, what does it mean for composition?
The authors agree with the reviewer that the use of the word “composition” is misleading.
It has now been removed.
“…requires additional knowledge about the size distribution and type of
hydrometeors being observed.”

4) Page 2, line 21, The manuscript quotes hydrometeor or precipitation type.
Perhaps, phase rather than type is more suitable. Folks use type for stratiform and
convective rainfall in the literature.
The authors agree with this comment and, all instances of “precipitation type” are now
altered to “hydrometeor type”. “Phase” would not encapsulate the different solid
hydrometeors the instrument is able to detect.
5) Page 3, line 5, what is FAAM stands for?
The authors have added the definition of the acronym to page 3, line 2:
• “Instrumented aircraft flights such as the Facility for Airborne Atmospheric
Measurements (FAAM) take a swath volume…”
6) Page 3, line 15, the bin width is related to the accuracy of particle size not resolve
differences between smaller drops.
This has been corrected in the text.
7) Page 3, lines 27-28, Please specify Parsivel as Parsivel-1.
This has been corrected in the text.
MC3E was for two months not two weeks. Also, please use a bigger city name (e.g.
Ponca City, Oklahoma) rather than Tonkawa. Despite the fact that I participated the
field campaign, I never heard Tonkawa.
This has been corrected in the text.
8) Page 4, line 14, Perhaps the sentence needs to be modified since Loffler-Mang
and Joss (2000) paper describes Parsivel not Theis. While they are sister
instruments, there are differences in their operation.
The authors agree with this comment and have changed the sentence to:

“Figure 1 in Löffler-Mang and Joss (2000) describes a similar instrument (Parsivel-1)
with the same observing principle and is an excellent visualisation of the technique
which is employed by the Thies LPM.”
9) Page 4, line 30, the authors says that the exact method of derivation does not
need to be known. I disagree with this statement. This is one of the deficiencies of
the study.
The study is not trying to point out specific problems with the Thies internal algorithm for
PW Type and correct for them. The data will be taken as-is and not corrected since the
internal algorithm is the intellectual property of Adolf Thies GMBH & CO. KG. We are
simply trying to identify in which meteorological conditions the algorithm does a poor job
so we can know when to trust it and when not to, in future work using this data. Phrasing
has been changed to better reflect the reality of the situation.
Section 4 of this paper will qualitatively test the skill of the present weather code
regardless of the algorithm it uses, such that the exact method of derivation does
not need to be known.
changed to
Section 4 of this paper will qualitatively test the skill of the present weather code
regardless of the algorithm it uses, since the exact method of derivation is not
known.
10) Page 5, lines 1-2, Personal communication should be more explicit. Who is the
person to be communicated with and what is his/her affiliation?
This has been corrected in the text.
Also, please correct Section 44.1 to 4.1
This has been corrected in the text.
11) Page 5, lines 4-7, the paragraph talks about the aircraft probes. What is the
relevance? The aircraft probes are the sole source for the hydrometeor phase aloft

but cannot be observed continuously. They are research instrument, not
operational.
The authors accept that the aircraft probes are off-topic and have removed the discussion
describing the FAAM aircraft instruments.
12) Page 6, section 3.1. While it is important to report the challenges of the DiVeN
sites, the section is quite long. For somebody who is not familiar with UK
geography, it is easy to get lost. This section is subject to be shortened.
following this suggestion, the authors have removed the paragraph describing Scottish
mountain sites and their relation to future radar HCA verification work.
13) Page 7, section 3.3 is perhaps the least favorite section of the manuscript. I am
not frequent reviewer of the Atmospheric Measurement Techniques, so I am not
sure if the detailed information on DiVeN costs are welcome. For a science paper,
it is not. Before reading the manuscript, I could never imagine to read this kind of
detailed information in the paper. Specifically, I am not sure what is the relevance
of electricity cost in UK for a reader outside the country. I would say nearly 2/3 of
the manuscript does not related to evaluation of the Theis LPM hydrometeor phase
algorithm.
The authors wish to keep these technical details. The low-cost installation and continued
low running costs of DiVeN are key aspect of the network’s success, as the network would
not be possible were the costs higher. There has also been considerable attention within
the atmospheric science community about “low cost” sensors and we hope to contribute
to this larger discussion. The authors leave the decision of the applicability of this material
in an AMTD article to the Associate Editor.
14) Page 11, last line, gauge resolution should be 0.01 mm.
The

authors

have

reviewed

the

Lambrecht

technical

details

https://www.lambrecht.net/upload/productDocuments/rain[e]_Leaflet_EN_1.pdf

which

state a resolution of 0.001 mm is made but only reported at 0.01 mm resolution. We have
changed the text to state:
“A high-resolution Lambrecht gauge (recorded resolution of 0.01 mm) on the site”.

Further personal communication with Stephen Burt (30th March 2019):
“You and your referee are both right. In theory the gauge has a resolution of 0.001 mm,
but in reality surface tension limits the flow of droplets this small into the funnel and thus
into the weighed 'bucket' - gravity is insufficient to overcome surface tension until the
droplet volume is somewhat larger. (I have made this point to Lambrecht...) The smallest
resolvable drop is about 0.01 mm, and that's what I've set the resolution of my unit to.
Even this resolution is only achievable once the funnel has been wetted - a dry funnel
seems to require about 5 droplets to find their way in before anything happens. Even so,
it's much more precise than a normal 0.2 mm TBR.”
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