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Reviewer	comments	are	 in	black.	Author	response	 in	blue	and	proposed	changes	 in	 the	manuscript	 in	
bold	blue	or	in	latex	fonts.	Page	and	line	numbers	refer	to	the	first	version	of	the	manuscript.		

Comments	by	Joseph	Cook		

This	 paper	 aimed	 to	 describe	 a	 new	 method	 for	 estimating	 full-resolution	 spectral	 albedo	 from	
calculation	 at	 a	 subset	 of	 reference	 wavelengths.	 The	 rationale	 for	 this	 is	 that	 models	 with	 lower	
numerical	load	than	full	RTMs	are	required	for	regional	climate	models.	Current	models	that	do	this	are	
subject	 to	 biases	 because	 the	 regimes	 used	 to	 interpolate	 between	 reference	 wavelengths	 lead	 to	
biases.	

In	my	estimation,	the	paper	succeeds	in	demonstrating	the	new	algorithm	and	the	subject	matter	is	well	
within	 the	 scope	 of	 GMD.	 Overall,	 they	 have	 clearly	 described	 their	method,	 provided	 a	 transparent	
report	 of	 its	 performance	 relative	 to	 TARTES	 and	 identified	 an	 optimal	 configuration	 that	 balances	
computation	time	and	accuracy.	Therefore,	I	support	this	manuscript	being	published	in	GMD.	

AC:	The	authors	are	very	thankful	to	Joseph	Cook	for	the	time	spent	on	reviewing	the	manuscript	and	
for	 the	positive	 feedback.	Point	by	point	answers	are	provided	below	along	with	proposed	changes	 in	
the	manuscript.		

The	areas	that	I	think	could	be	improved	are:	

a)	it	took	me	a	few	reads	to	really	understand	what	benefit	the	new	model	provides	to	the	community	–	
I	think	just	reworking	the	introduction	slightly	to	make	it	crystal	clear	why	this	is	useful	might	be	helpful.	

AC:	 	We	agree	 that	 this	was	not	sufficiently	clear	 in	 the	 first	version	of	 the	manuscript.	 In	 the	revised	
version	the	end	of	the	introduction	was	fully	rewritten	and	two	sections	were	added	in	the	discussion	to	
discuss	 the	 pros	 and	 cons	 of	 VALHALLA	 compared	 to	 other	 existing	 methods.	 The	 modifications	
proposed	are	reported	below	:		
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b)	the	comparison	with	the	14	tps	model	used	by	van	Dalum	et	al.	 (2019)	was	very	 informative.	Given	
that	the	15	tps	version	of	VALHALLA	failed	to	give	a	good	representation	of	the	albedo,	and	presumably	
there	 is	 a	 computational	 cost	 associated	 with	 adding	 tps,	 can	 you	 clarify	 the	 argument	 for	 using	
VALHALLA	in	its	30	tps	form	in	a	regional	climate	model	in	preference	to	SNOWBAL?	



 

AC:	A	discussion	on	the	pros	and	cons	of	the	different	methods	(including	VALHALLA	and	SNOWBAL)	has	
been	added	in	the	discussion	(see	proposed	text	in	the	response	to	your	comment	a)	above).	Please	see	
also	answers	to	Christiaan	Van	Dallum	general	comments	1,	2	and	3.			

c)	Is	there	a	physical	explanation	for	the	relationship	between	model	bias	and	SZA/SSA?	

AC:	 Yes	 there	 is	 a	 physical	 explanation.	 Figures	 3,4	 and	 5	 show	 that	 the	 error	 in	 absorbed	 energy	 is	
increasing	 with	 decreasing	 SSA	 and	 decreasing	 SZA.	 This	 is	 due	 to	 the	 fact	 that	 the	 higher	 absorbed	
energy	 is	 found	 for	 low	 SSA	 (lower	 albedo)	 and	 for	 low	 SZA	 (lower	 albedo	 +	 higher	 incoming	 solar	
energy).	This	was	explained	for	SSA	p13	lines	236-237.	This	was	also	explained	for	 impurities	p14	lines	
253-254,	but	the	explanation	was	missing	for	SZA.		

In	 the	 new	 version	 of	 the	manuscript,	 this	was	 added	p	 8	 L185-186	 :	 “Overall,the	broadband	 albedo	
biases	vary	little	with	SZA	and	the	biases	of	the	absorbed	energy	decrease	with	SZA.	This	is	consistent	
with	higher	absorbed	energy	for	lower	SZA	(higher	incoming	radiation	and	lower	albedo).”	

d)	Can	you	give	any	more	detail	about	the	“systematic	error”	at	400	nm?	This	seems	like	it	could	be	a	
significant	 issue,	 but	 is	 not	 explained	 in	 much	 detail	 in	 the	 manuscript.	 Is	 this	 the	 same	 as	 what	 is	
referred	to	in	the	discussion	lines	283-285?	

AC:	Yes	this	is	the	same	as	what	is	discussed	in	lines	283-285.	This	error	appears	in	the	presence	of	light	
absorbing	particles.	Since	the	method	is	based	on	the	refractive	index	of	ice,	e.g.	Eq.	(10)	in	the	paper,	
the	 interpolation	 is	 not	 really	 successful	when	 the	 refractive	 index	of	 another	material	 is	 in	play	 (e.g.	
snow	 with	 light	 absorbing	 particles	 in	 the	 visible	 wavelengths).	 As	 a	 consequence,	 adding	 more	 tie	
points	in	the	visible	helps	but	does	not	fully	remove	the	errors	(Fig.	5c,d).		

	This	is	now	detailed	P14		line	250:	

“LAPs	being	highly	absorbent	at	the	beginning	of	the	spectrum	(between	0.3	and	0.8	μm,	Warren,	1982),	
the	most	 important	 errors	 are	consequently	 located	 in	 this	wavelength	 range.	The	method	 is	 indeed	
based	 on	 the	 ice	 refractive	 index	 (e.g.	 Eq.	 10)	 and	 thus	 partly	 failed	 to	 reproduce	 changes	 in	 the	
refractive	index	due	to	the	presence	of	LAPs.	”	

and	in	the	discussion	P16-17	L282-287	:	

“The	 presence	 of	 LAPs	 in	 the	 snow	 cover	 leads	 to	 an	 increase	 in	 errors	 on	 the	 absorbed	 energy,	
especially	at	the	beginning	of	the	spectrum	where	LAPs	strongly	impact	the	absorption	efficiency.	The	
method	 fails	 to	 accurately	 represent	 the	 absorbed	 energy	 between	 two	 tps	 in	 the	 visible	 range	 in	
presence	of	LAPs	since	it	 is	based	on	the	ice	refractive	index	only.	To	reduce	the	uncertainties	at	the	
beginning	of	 the	spectrum	and	 thus	 reduce	 the	broadband	error,	 it	would	be	possible	 to	 increase	 the	
number	of	tps	at	the	beginning	of	the	spectrum.	However,	this	would	increase	the	calculation	time.“	

	



 

e)	The	zenodo	archive	really	doesn’t	contain	much	helpful	documentation.	A	quick	review	of	the	code	
indicates	 there	 are	 significant	 dependencies	 including	 a	 development	 environment	 that	 includes	both	
tartes	and	sbdart	with	specific	configurations	–	it	also	seems	to	be	OS	specific	judging	by	calls	out	to	the	
sbdart	 command	 line	 tool.	 I	 think	 these	 and	 related	 issues	 need	 to	 be	 explained	 in	 the	 model	
documentation	in	the	form	of	some	basic	user	instructions.	

AC:	 Documentation	 of	 the	 archive	 has	 been	 improved	 by	 adding	 in	 each	 folder	 a	 README	 file	 that	
provides	information	on	the	content	of	each	file	including	headers	and	units.	Information	on	how	to	use	
the	 code	with	 examples	 of	 running	 commands	 are	 given	 in	 the	 README	 file	 of	 the	main	 folder.	 The	
whole	environment	has	been	developed	under	linux	and	this	is	now	also	specified	in	the	README	file	of	
the	main	folder.	Since	sbdart	is	a	.exe	which	can	be	called	with	python	or	other	and	tartes	is	a	python	
module,	 only	 the	 calls	 out	 to	 the	 sbdart	 and	 tartes	 command	 lines	 tool	 are	OS	 specific.	 The	 updated	
archive	can	be	found	at		

:https://zenodo.org/record/5289201#.YSjk35w6_mE	

	

	

	

	


