
Response	to	the	reviewers’	comments	
	
	
	
	
---------------------------------------------------------------------------------------------------------	
	
	
Reviewer	1	
	
	
This	 is	an	 interesting	 study	about	 convective	and	 stratiform	 relationships	of	 rain	drop	 size	
distributions.	The	interpretation	of	the	mu	–	gamma	relationship	parameters	is	a	particularly	
valid	 contribution.	 Overall,	 I	 think	 the	 manuscript	 should	 be	 published	 but	 I	 recommend	
complementing	some	aspects	(introduction),	reorder	(quality	control	should	no	be	described	
in	the	results	sections)	and	fix	a	few	details	–	please	see	below.	
	

Answer	
	

Thank	you	for	taking	the	time	to	review	our	paper	and	for	the	valuable	suggestions.	
We	carefully	revised	the	initial	draft	based	on	the	provided	input,	please	see	below	
for	more	details.	

	
	
1)	 	 	 	 Page	 1,	 abstract.	 “In	 this	 study,	we	 take	 a	 closer	 look	 at	 the	 important	 issue	 of	 μ-Λ	
relationships	in	raindrop	size	distributions	(DSD)	by	conducting	a	systematic	analysis	of	twenty	
months	of	rainfall	data	in	the	Netherlands”.	I	think	the	abstract	should	specify	that	the	main	
analysis	is	performed	with	disdrometer	data,	as	other	approaches	are	possible,	for	example	
using	horizontal	radar	reflectivity	fields	or	vertical	profiles	(see	next	comment).	
	
	 Answer	
	

Done.	This	is	now	clearly	stated	in	the	abstract.	We	re-formulated	the	above	sentence	
as	follows:	
“In	 this	 study,	we	 take	 a	 closer	 look	 at	 the	 important	 issue	of	μ-Λ	 relationships	 in	
raindrop	size	distributions	(DSD)	by	conducting	a	systematic	analysis	of	twenty	months	
of	data	collected	by	disdrometers	in	the	Netherlands.”	

	
	
2)	 	 	 	 Page	2,	 Introduction.	As	mentioned	 in	 the	previous	 comment	 I	 recommend	 to	briefly	
expand	 the	 initial	 part	 of	 the	 introduction	 with	 a	 comment	 about	 general	 approaches	 to	
classify	convective	and	stratiform	precipitation.	Now	the	first	sentence	of	section	3.3	seems	to	
do	this	function	but	I	do	not	think	it	is	complete	or	well	located	there.	I	suggest	moving	it	to	
the	first	paragraph	of	the	introduction	and	comment	that	other	techniques	may	include	radar	
scanning	(polar	volumes)	radar	data	or	vertical	profiles	(see	for	example	Qi	et	al	2013,	Powell	



et	al	2016,	Ghada	et	al	2022,	Romatschke	&	Dixon	2022),	as	well	as	ground	based	rain	gauge	
or	disdrometer	data,	as	already	explained	in	the	paper.	
	
	 Answer	
	

As	 you	 suggested,	 we	 added	 some	 additional	 sentences	 in	 the	 Introduction	 to	
highlight	this	important	issue:		
“Another	issue	that	arises	when	studying	μ-Λ	relationships	is	the	rainfall	classification.	
Several	 techniques	 have	 been	 proposed	 to	 classify	 rainfall	 into	 stratiform	 and	
convective	regimes	using	a	variety	of	different	sensors.	These	methods	may	include	
weather	radar	data,	Micro	Rain	Radar	(MRR)	vertical	profiles	and	machine	 learning	
models	 for	 the	 bright	 band	 detection	 (Ghada	 et	 al.,	 2022;	 Romatschke	 and	Dixon,	
2022;	Qi	et	al.,	2013;	Powell	et	al.,	2016).	For	example,	Yang	et	al.	(2019)	used	a	K-
nearest	 neighbor	 supervised	 machine	 learning	 algorithm	 to	 classify	 precipitation	
types.	Doppler	radar	data	were	used	to	train	the	model,	with	the	results	to	indicate	
that	the	algorithm	is	capable	of	accurately	classifying	most	of	the	convective	cases	and	
almost	 all	 the	 stratiform	 ones.	 Other	 studies	 use	 a	 combination	 of	 ground	 based	
sensors	 like	 rain	 gauges	 or	 disdrometers	 and	 radar	 data	 (Ulbrich	 and	 Atlas,	 2007;	
Tokay	and	Short,	1996;	Bringi	et	al.,	2003).”	
	
	

3)				Page	3,	Data.	The	text	indicates	that	two	co-located	Parsivel2	units	are	used.	Could	you	
please	briefly	comment	if	the	plane	of	measurements	are	aligned?	At	some	sites	co-located	
Parsivel	units	are	installed	perpendicularly.	
	
	 Answer	
	

Yes,	we	confirm	that	the	two	sensors	are	oriented	perpendicularly	to	each	other.	We	
added	that	detail	in	the	revised	manuscript:	
“The	DSD	data	used	in	this	study	were	collected	by	two	co-located,	perpendicularly	
oriented	Parsivel2	(Particle	Size	and	Velocity)	optical	disdrometers	(hereafter	Parsivel	
1	 and	 Parsivel	 2)	 in	 Cabauw,	 a	 polder	 area	 located	 in	 the	 western	 part	 of	 the	
Netherlands	between	January	1st	2021	and	August	31st	2022.”	

	
	
4)				Page	3,	Data.	Quality	control.	I	think	that	an	overview	of	the	data	quality	control	should	
be	given	either	in	the	Data	or	Methodology	section,	and	then	explain	the	results	 in	current	
section	 4.1.	 For	 example,	 did	 author	 considered	 some	 conditions	 on	 number	 of	 particles	
present	at	each	1-min	time	slot	to	be	considered	valid	(as	in	Hachani	et	al	2017)?	Moreover,	
no	mention	is	made	about	possible	effects	of	wind	on	the	data	(see	for	example	Friedrich	et	
al.	2013,	Li	et	al	2021).	
	
	 Answer	
	

Thank	you	for	your	comment.	The	answer	is:	no,	we	did	not	apply	any	other	additional	
constraints	on	the	number	of	detected	particles,	drop	sizes	or	rainfall	rates.	There	is	
no	 need	 to	 do	 this,	 because	 the	 cross-check	 between	 the	 two	 disdrometers	



automatically	flags	all	the	problematic	DSD	spectra	for	which	the	two	sensors	do	not	
agree	(either	due	to	wind	effects	or	low	number	densities).	
	
To	clarify	this	issue,	we	moved	part	of	the	description	of	the	quality	control	steps	to	
the	Methodology	(see	Section	3.3,	DSD	filtering)	and	only	left	the	results	of	the	quality	
control	in	Section	4.1	(Results).	
	
Regarding	your	comment	on	the	effect	of	wind	on	the	data,	we	added	the	following	
part	in	the	manuscript:	
	“In	the	past,	several	studies	have	highlighted	the	effect	of	strong	winds	on	Parsivel	
observations	(Friedrich	et	al.,	2013a;	Lin	et	al.,	2021),	which	could	result	in	unrealistic	
big	raindrops	with	small	fall	velocities.	Thus,	Friedrich	et	al.	(2013b)	proposed	a	quality	
control	method	for	removing	all	these	spurious	observations.	 In	present	work	even	
though	no	action	was	taken	in	this	direction,	the	observations	from	the	two	co-located	
sensors	were	compared	to	each	other.	Whenever	the	agreement	between	the	two	
sensors	was	low,	the	DSDs	were	removed	from	the	analysis.	...	A	detailed	description	
of	 the	 filtering	process	will	be	given	 in	a	 following	 section.	No	effort	was	made	 to	
investigate	the	reasons	behind	the	occasional	disagreements.	The	latter	have	already	
been	extensively	studied	and	documented	in	the	literature	and	include,	among	other,	
errors	due	to	wind,	sampling,	splashing	and	internal	processing.”	
		

	
5)	 	 	 	Page	3,	Data.	How	was	the	ZEUS	 lightning	data	used?	Did	authors	check	 if	 they	were	
present	 in	some	specifi	time/range	window?	In	page	7,	 line	138,	the	4	 item	listed	does	not	
specify.	Please	comment	briefly	in	the	Data	section	or	in	3.3.	section.	
	
	 Answer	
	

Thanks	 for	 your	 comment.	 We	 re-formulated	 the	 section	 about	 the	
stratiform/convective	classification	and	particularly	the	part	about	the	lightning	data	
to	avoid	any	confusion	to	the	reader:		
“To	 determine	 the	 convective	 events,	 we	 start	 by	 identifying	 all	 1-min	 DSD	
measurements	for	which	the	rain	rate	exceeds	10	mm/h.	We	then	remove	all	periods	
for	which	there	is	a	clear	melting	layer	signature,	since	these	correspond	to	stratiform	
rain.	Regarding	requirements	3	and	4,	please	note	that	no	processing	was	performed	
on	the	associated	data	sets.	CAPE	and	 lightning	activity	are	only	used	as	additional	
diagnostic	variables	to	help	with	the	final	classification	decision.	For	the	final	selection	
of	 convective	events,	only	 the	periods	 for	which	 the	CAPE	values	were	 larger	 than	
1000	 J/kg	and	 for	which	 lightning	strikes	were	detected	over	 the	Cabauw	area	are	
kept.	...	In	this	study,	they	are	used	as	an	additional	indicator	for	potential	convection	
which	 together	 with	 the	 high	 rain	 intensity	 and	 the	 absence	 of	melting	 layer	 will	
ensure	that	no	false	convective	events	are	identified.”	

	
	
6)		 	 	Page	3,	Data.	Finally	I	recommend	that	the	number	of	data	used	(total	and	final	valid	
minutes)	is	indicated	in	the	Data	section.	
	



	 Answer	
	

We	added	this	information	in	the	Data	section:	
“The	 total	 dataset	 used	 for	 this	 study	 consisted	 of	 21,178	 1-minute	 DSDs.	 After	
filtering,	the	dataset	was	reduced	to	16,975	DSDs.”	

	
	
7)				Page	7.	As	mentioned	I	suggest	to	move	the	description	of	the	QC	to	the	Data	section	and	
only,	if	completely	necessary,	leave	here	the	results.	By	the	way,	note	that	‘Parsivel	1	and	2’	
are	not	properly	introduced	–	this	can	be	easily	done	in	section	Data,	something	as	”two	co-
located	Parsivel2	units	are	used	(hereafter	Parsivel	1	and	Parsivel	2)".	
	
	 Answer	
	

Thanks	for	the	suggestion.	We	moved	the	quality	control	overview	in	Methodology	
section	(Section	3.3),	following	your	4th	comment.	
	
Regarding	your	comment	on	Parsivel	1	and	2	which	were	not	properly	introduced,	we	
added	the	following	sentence	in	the	Data:	
“The	DSD	data	used	in	this	study	were	collected	by	two	co-located,	perpendicularly	
oriented	Parsivel2	(Particle	Size	and	Velocity)	optical	disdrometers	(hereafter	Parsivel	
1	 and	 Parsivel	 2)	 in	 Cabauw,	 a	 polder	 area	 located	 in	 the	 western	 part	 of	 the	
Netherlands	between	January	1st	2021	and	August	31st	2022.”	

	
	
8)				Page	17,	Figure	4.	Should	the	convective	fit	line	be	restricted	to	the	maximum	value	of	the	
data	used	for	the	fitting?	Please	comment.	
	
	 Answer	
	

Thanks	for	the	suggestion	but	we	do	not	think	that	this	is	a	good	idea.	One	reason	for	
fitting	a	model	is	to	be	able	to	provide	predictions	for	all	possible	values	of	μ,	including	
the	ones	beyond	the	range	of	what	has	been	observed.	The	model	 is	more	general	
than	the	observations	we	have.	In	our	case,	the	largest	μ	value	in	convective	events	
was	approximately	9.	Obviously,	if	we	use	the	model	outside	of	that	range	(i.e.,	μ>9),	
we	cannot	properly	assess	the	accuracy	of	the	predictions.	But	in	the	graph,	we	can	
always	show	the	model	predictions	over	the	whole	range	of	possible	mu	values.	

	
In	 order	 to	 make	 this	 clear,	 we	 added	 the	 following	 sentence	 in	 the	 results	 part	
(Section	4.2):	
“However,	 it	 should	 be	 highlighted	 that	 predictions	 for	 μ	 >9	 in	 convective	 events	
should	 be	 interpreted	 very	 carefully,	 given	 that	we	 do	 not	 have	 any	 observations	
beyond	this	range.”	
	

	
	
		



Formal	
	
Page	2.	Please	check	format	of	the	references	(for	example	page	2,	line	34,	etc.).	Done	
Page	8,	line	178.	I	could	not	find	Section	III	C	(why	in	Roman	numbers?)	–	please	correct.	Done	
Page	9.	Equation	9.	The	format	of	the	lower	integration	limit	given	(D=0)	is	not	consistent	with	
Equation	10.	Please	correct.	Done	
Page	 16,	 Figure	 3.	 Could	 you	 please	 produced	 the	 scatter	 plots	 as	 square	 figures	 (not	
rectangles),	i.e.	with	the	same	length	in	the	x-axis	and	the	y-axis?	This	allows	an	easier	visual	
comparison,	particularly	when	the	magnitudes	in	both	axis	are	the	same.	Done	


