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Purpose	of	STSM	
	
This	STSM	was	used	to	support	travel	and	subsistence	costs	for	Tom	Watts,	an	early	
career	 researcher	 (PhD	awarded	November	 2015)	who	was	 invited	 to	 take	part	 in	
SoRaX	 (Sodankylä	Radiometer	 eXperiment)	 by	Dr	 Juha	 Lemmetyinen	and	Ms	Anna	
Kontu	of	the	Finnish	Meteorological	Institute,	Arctic	Research	Centre	in	Sodankylä.			
	
SoRaX	was	designed	to	evaluate	microwave	emission	from	tower-based	radiometers	
at	the	following	frequencies:		1.4,	10.65,	21,	37,	90	and	150	GHz.	This	STSM	was	used	
to	 collect	 data	 to	 quantify	 spatial	 heterogeneity	 in	 snowpack	 stratigraphy	 at	
centimetre	 scale	 resolution	 in	 the	 vicinity	 of	 and	 underneath	 the	 footpint	 of	 the	
radiometers.	Spatial	changes	in	the	stratigraphy	of	the	snowpack	influence	modelled	
and	 observed	 microwave	 emission.	 Quantifying	 the	 variability	 in	 stratigraphy	 and	
related	microstructure	within	the	footprint	of	the	radiometer	will	enable	the	errors	
and	uncertainty	in	snow	and	snow	emission	models	to	be	better	quantified.		
	

Description	of	work	carried	out	during	STSM	
	
Measurements	 of	 snowpack	 stratigraphy	 were	 made	 using	 near	 infrared	 (NIR)	
photography	in	snow	trenches	dug	under	the	microwave	radiometers	at	the	Finnish	
Meteorological	 Institute’s	Arctic	Research	Centre.	 The	Radiometers	 are	pictured	 in	
Figure	1.	Trenches	were	dug	at	a	season	long	snow	pit	site	and	30,	40,	50,	60	and	70	
degree	 incidence	 angles	 under	 the	 radiometer	 and	 over	 a	 sandbox	 which	 was	
situated	within	the	scan	of	the	radiometers.		
	
NIR	 trench	 methods	 found	 in	 the	 literature	 were	 used	 to	 collect	 data	 in	 all	 the	
trenches.	A	rail	was	constructed	in	the	trench	and	a	measuring	staff	held	above	it.	A	
digital	 SLR	 camera	 adapted	 to	 capture	 light	 around	 a	 centre	 frequency	 of	 850	 nm	
was	 attached	 to	 a	 slider	 on	 the	 rail.	 A	 series	 of	 photos	 were	 taken	 (as	 shown	 in	



Figure	3)	along	the	rail	to	capture	the	variability	in	stratigraphy	along	the	trench	at	a	
high	 (>	1	 cm)	 resolution.	Additionally	 in	 the	 snow	pit	 trench	a	new	structure	 from	
motion	 based	 technique	was	 trialed.	Measurements	 of	 snow	microstructure	were	
taken	along	the	lengths	of	all	the	trenches	using	Icecube,	Snow	Micro	Penetrometer	
and	snow	grain	macro	photos.	
	

	
Figure	1	:	Radiometer	tower	and	undisturbed	snowpack	

	
Figure	2:	Snow	trench	NIR	methods	being	used	to	record	high	resolution	snow	stratigraphic	information	



After	the	snow	trench	measurements	had	been	made	all	of	the	snow	was	cleared	
from	the	footprint	of	the	radiometer	so	that	a	bare	ground	measurement	could	be	
made.	

Preliminary	and	expected	results	
	
Analysis	 and	 post	 processing	 is	 required	 to	 digitize	 the	 snowpack	 stratigraphy,	
however	an	early	example	of	the	NIR	photography	which	will	be	used	to	create	the	
high	resolution	snowpack	stratigraphy	data	is	show	in	Figure	3.	
	

	
Figure	3:	Example	of	an	NIR	photo	used	to	digitize	snowpack	stratigraphy	from	a	trench	under	the	radiometer	
tower	

The	 trial	 of	 the	 structure	 from	motion	 based	method	 used	 (in	 addition	 to	 the	 rail	
based	method)	at	the	snow	pit	site	is	significantly	quicker	to	analyse,	and	the	early	
results	from	this	are	shown	in	Figure	4.		
	
	

	
Figure	4:	Trench	image	produced	from	structure	from	motion	techniques	



Over	 the	 coming	 months	 Tom	 Watts	 will	 digitize	 all	 of	 the	 snow	 trenches	 and	
geolocate	 them	 inside	 the	 field	 of	 view	 of	 the	 microwave	 radiometers.	 This	 will	
enable	evaluation	of	snow	microwave	emission	models	under	the	radiometer.	

Expected	Publications	and	outcomes	from	STSM	
A	combined	data	set	of	radiometer,	and	snow	data	will	be	used	to	produce	at	least	
one	publication	in	collaboration	with	FMI	addressing	the	accuracy	of	the	n-HUT	snow	
microwave	 emission	 model	 snow	 when	 high-resolution	 snowpack	 stratigraphy	 is	
used	in	three	different	ways:	
	

o To	 run	 an	 ensemble	 of	 simulations	 from	 within	 the	 radiometer	
footprint	

o To	 create	 an	 average	 value	 for	 each	 layer	 in	 the	 stratigraphy	 across	
the	footprint	

o To	create	an	overall	 average	bulk	 single	 layer	 value	 for	all	 the	 snow	
within	the	footprint.	

	
Other	 publications	 are	 anticipated	 which	 will	 relate	 measurements	 from	 specific	
radiometers	to	the	snow	stratigraphy	throughout	the	season.	These	will	also	use	the	
snow	trench	data	collected	as	part	of	this	STSM.	
	
Collaboration	with	the	host	 institution	will	be	required	 in	order	for	this	publication	
(and	other	anticipated	publications)	to	be	produced,	initial	pooling	of	data	is	already	
underway	with	 the	majority	 of	 the	 analysis	 expected	 to	 be	 carried	 out	within	 the	
coming	months.		


