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Task	overview	and	problem	statement	

The	modelling	strategy	for	2-stage	NEMO/LIM3	model	used	in	
long-term	Arc4c	simula4on	

The	aim:	1965-2017	hourly	dataset	with	12	variables*	

Regional	II	–	Nested,	5	km	(Russian	Arc4c)	

Regional	I	–	Coarse,	14	km	(Arc4c	Ocean)	

Target	areas	spa4al	loca4on	

Models:	NEMO	3.6	+	LIM3	
Expected	simula4on	4me	with	80-cores	HPC:	
48	days	(coarse)	+	140	days	(refined)	
Total	4me	before	deadline:	1	year	
The	volume	of	datasets:	50Tb	

*Self-developed	TerraXT	GIS	is	used	to	visualize	the	ice	concentra4on,	drid,	sea	currents	and	surface	height		(as	an	example)	 2	



“Offline”	grid-to-grid	transfer	issue	
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Secondary	spin-up	for	nested	grid	model	

Result	of	refined	model	ader	restart	from	coarse	model	data	

Best	result	from	coarse	grid	

Result	for	refined	grid	ader	spin-up	

Main	issues	and	constraints:	
•  We	need	to	run	coarse	and	nested	NEMO	

configura4ons	separately	(due	to	the	
computa4onal	limita4ons)		

•  Spin	up	of	coarse	model	takes	about	10	
model	years	

•  One	of	the	main	problems	is	stable	ice	
annual	dynamics	

•  Interpola4on	of	restart	files	causes	problems	
and	requires	addi4onal	spin-up	for	refined	
grid	

•  We	want	to	provide	many	experiments	
“from	scratch”	to	calibrate	parameters	and	
increase	the	quality	of	final	dataset	



The	mo)va)on	of	the	ice	restora)on	idea	
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Founda)on	 Pro	and	contra	 Conclusion	

Code	 Data	 Possible	benefits	 Possible	problems	 Research	ques?on	

sbc_ssr	
restora4on	

subrou4ne	already	
exists	in	NEMO	
and	can	be	used	

as	base	for	
modifica4on	

	

The	satellite	
observa4ons	are	
available	for	the	
most	part	of	the	
simula4on	period	

	

Accelerated	spin-
up	of	model	

Bejer	quality	of	
results	

Instability	of	
model	(no	

convergence)	–	
addi4onal	
experiments	
required	

The	research	
ques4on	is	

«Can	specific	ice	
state	restora4on	
methods	help	us	
to	intensify	the	
ini4al	spin-up	of	
complex	2-stage	

model?»			
	



sbcssr_ice:	heat	flux	based	ice	restora)on	method	
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Q	–	heat	flux,	 𝑄 	–	damping	term,	Cmelt	и	Cfreez		-	
coefficients	

where	SST	is	a	sea	surface	temperature	field	(observed	or	
climatological),	T	is	the	model	surface	layer	temperature	and	
dQ/dT	is	a	nega4ve	feedback	coefficient	usually	taken	equal	
to	−40	W/m2/K.	
	
(from	NEMO	ocean	engine	(G.	Madec),	Note	du	Pôle	de	modélisa?on,	
Ins?tut	Pierre-Simon	Laplace	(IPSL),	France,	No	27,	2008)	

Baseline:	surface	temparature/salinity	restoring	implemented	in	NEMO	
(sbc_ssr)	 Proposed	flux-based	ice	restora4on	concept:	

Visual	representa4on	of	flux-based	restora4on	

From	concept	to	implementa4on	
I.	Explore	data	(coverage,	uncertainty,	

artefacts)	
II.	Implement	a	more	robust	approach	
III.	Calibrate	melt/freeze	coefficients	
IV.	Validate	the	developed	methods	 Heat	fluxes	to	correct:		

qsr_ice		(solar	heat	flux	over	ice	,	increase	to	melt),		
qsr_oce	(non	solar	heat	flux	over	ocean	,	increase	to	

freeze)	

Alterna4ve	solu4on:	the	
under-ice	temperature	

correc4on		
(experiment	was	

conducted,	but	the	model	
become	unstable)		



Datasets	and	observa)ons:	Concentra)on	
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Dataset:	OSISAF	v2.0*	
Time	coverage:	daily,	1979-2015	

Details:		
•  Daily	OSI-SAF	data	interpolated	to	grid	
•  NEMO	in-fly	4me	interpola4on	enabled	
	
Possible	issues:	
•  High	uncertainty	near	the	edge	
•  Strange	values	near	the	coast																									

(concentra4on	too	high	for	summer)	

*Eastwood	S.	et	al.	Global	sea	ice	concentra?on	reprocessing:	product	user	manual	//Product	OSI-409,	Version.	–	2010.	–	Т.	1.	

We	can	try	to	pre-process	the	data	and	catch	the	
ar4facts	but	may	be	it’s	bejer	to	adapt	the	algorithm	

to	it?	



Weighted	restora)on	approach	
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Coastal	ar4facts2	 Restora4on	mask	

2.	Compared	with	AARI	ice	charts	(hjp://www.aari.ru/odata/_d0015.php?lang=1)	

OSISAF	concentra4on	data	for	2015.09.26	

Restora4on	weights	mask	generated	based	
at	coastal	proximity	and	saved	in	

restora?on_mask.nc		file	

Wrong	values	(induced	by	anomalies	in	brightness	
temperature1)	can	decrease	the	quality	of	model	data	with	

applied	restora4on	
1.	Maslanik	J.	A.,	Serreze	M.	C.,	Barry	R.	G.	Recent	decreases	in	Arc?c	
summer	ice	cover	and	linkages	to	atmospheric	circula?on	anomalies	//
Geophysical	Research	Lecers.	–	1996.	–	Т.	23.	–	№.	13.	–	С.	1677-1680.	 The	new	term	w		in	restora4on	equa4on:	



Datasets	and	observa)ons:	Thickness	
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Dataset:	CryoSat	2	+	SMOS*	
Time	coverage:	weekly,	2010-2016	(no	data	between	March	and	October)	

Details:		
•  Weekly	CR2SMOS	data	interpolated	to	

daily	grid	
•  No-data	summer	range	set	to	0	
•  NEMO	in-fly	4me	interpola4on	disabled	
	
Possible	issues:	
•  High	uncertainty	near	the	edge	
•  No	values	in	cells	near	the	coast	
•  Only	cell	averaged	values	are	available	

(instead	ice	categories	of	LIM3)	

*Ricker	R.	et	al.	A	weekly	Arc?c	sea-ice	thickness	data	record	from	merged	CryoSat-2	and	SMOS	satellite	
data	//Cryosphere.	–	2017.	–	Т.	11.	–	№.	4.	–	С.	1607-1623.	

The	knowledge	about	uncertainty	of	observa4ons	can	
be	used	too	



The	final	version	of	ice	restora)on	algorithm	
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For	the	ice	mel?ng	case,	Q	is	qsr_oce	,	for	ice	freezing	-	qsr	_ice.	In	the	equa?on,	nsat	and	nmod	represent	the	ice	concentra?on	in	satellite	
data	and	in	the	model	respec?vely,	σ	is	the	confidence	interval,	taken	from	satellite	total	error	and	dispersion,	hsat	and	hmod	are	the	
corresponding	ice	thicknesses	and	wrest

i,j	is	the	restora?on	correc?on	weighted	mask.	

Ice	restora4on	workflow	

		

Balance	of	fluxes:	
If	ice	should	be	significantly	decreased	–	more	heat	to	qsr_ice		
(solar	heat	flux	over	ice)	
If	ice	should	be	significantly		increased	–	more	heat	to	qsr_oce	
(non	solar	heat	flux	over	ocean)	



The	new	namelist	parameters	and	its	calibra)on	
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Error	metrics	for	different	restora4on	weights	
rn_ddqi_melt	and	rn_ddqi_freez	

Restora4on	error	for	different	restora4on	weights	
set	



The	valida)on	of	the	restora)on	technique	
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Full	Arc)c,	14	km	coarse	grid	
	

Russian	Arc)c,	5	km	refined	grid	

Bejer	quality	

Faster	convergence	

2	years	is	enough	

Converged		
ader	3rd	year	

More	stable	result	
Too	thick	ice	

Bejer	quality	

Non-restored	

Non-restored	
Restored	

Outside	conf.		
int	

Non-restored	 Restored	



The	results	of	valida)on	
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Year	

Non-restored	model	 Restored	model	

Area	
RMSE,	
km2*106	

Thickness	
RMSE*,	

m	

Area	
MAE,	

km2*106	

Thickness	
MAE*,	
m	

Area	
RMSE,	
km2*106	

Thickness	
RMSE*,	

m	

Area	
MAE,	

km2*106	

Thickness	
MAE*,	
m	

Coarse	(14km)	grid	

1	 0.69	 0.34	 0.57	 0.28	 0.34	 0.09	 0.27	 0.06	

2	 0.76	 0.28	 0.59	 0.26	 0.33	 0.13	 0.27	 0.11	

3	 0.89	 0.31	 0.70	 0.29	 0.33	 0.13	 0.28	 0.11	

4	 0.94	 0.33	 0.76	 0.30	 0.33	 0.13	 0.28	 0.11	

Nested	(5km)	grid	

1	 0.38	 0.26	 0.28	 0.20	 0.43	 0.48	 0.30	 0.37	

2	 0.29	 0.19	 0.23	 0.16	 0.26	 0.19	 0.20	 0.16	

3	 0.27	 0.13	 0.23	 0.11	 0.25	 0.17	 0.20	 0.14	

4	 0.28	 0.12	 0.24	 0.10	 0.25	 0.17	 0.20	 0.14	
*Only	for	?me	range	with	observa?ons	available	 The		nested	model		s)ll	requires	addi)onal	calibra)on	of	thickness	restora)on	coefficients	



Conclusions	and	details	

Conclusions:	
•  The	transi4on	from	a	coarse	grid	to	refined	requires	a	secondary	spin-up	for	ice	state.	
•  The	developed	algorithm	can	be	applied	even	for	non-ideal	real-world	datasets	with	missing	values	and	

ar4facts.	
•  The	methods	for	"sod"	assimila4on	of	ice	observa4ons	allows	to	accelerate	the	convergence	of	the	model	

and	increase	the	quality.	
•  The	posi4ve	effect	of	restora4on	is	higher	for	coarse	grid	model	.	
	
The	details	of	research:	
•  The	addi4onal	details	of	the	project’s	technical	part	is	discussed	in	paper	“Adapta4on	of	NEMO-LIM3	model	

for	mul4grid	high	resolu4on	Arc4c	simula4on”	(pre-print	in	available	in	hcps://arxiv.org/abs/1810.03657)	
[Alexander	Hvatov	will	present	details	in	next	sec4on].	

•  The	project’s	results	overview,	analysis	and	valida4on	of	50-years	simula4on	results	of	Arc4c	Seas	will	be	
presented	in	separate	paper	(work	in	progress).	

Modified	source	codes:	
Available	in	hcps://github.com/nicl-nno/nemo-mul?grid-adapta?on	under	CeCILL	license	
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Thank	you!	
www.ifmo.ru	

Nikolay	Niki4n	
nikolay.o.niki4n@gmail.com	



Addi)onal	slides	
	

(anima4ons	generated	with	self-developed	TerraXT	GIS	
sodware)	
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Климатические явления   

Multiyear inter-annual ice 
thickness dynamics 



Multiyear inter-annual ice 
concentration dynamics 



The	results	of	valida)on	

Faster	convergence	
Non-restored	

Kara Sea in Feb. 2012 by NEMO results with restoration 
enabled 

Kara Sea in Feb. 2012 by satellite observations 



The	results	of	valida)on	-	winter	

Faster	convergence	
Non-restored	

																						Satellite                              LIM3-Sajelite																																												LIM3	



The	results	of	valida)on	-	summer	

Faster	convergence	
Non-restored	

	Satellite                              LIM3-Sajelite																																						LIM3	


