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Toward	coupled	ice-ocean	modelling	

I d e a l i s e d 	 s i m u l a % o n 	 o f 	 i c e 	 – 	 o c e a n 	 i n t e r a c % o n s 	

…	



Simula(ng	glaciers	and	ice	sheets	with	computers	

A 	 c l o s e r 	 l o o k 	 a t 	 t h e 	 g r o u n d i n g 	 l i n e 	 m o v em e n t 	 a n d 	 t h e 	 o c e a n 	 g r i d 	

…	
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The	new	ElmerSolver	subrou(ne	is	now	
simply	a	wrapper	for	the	init,	run	and	
finalize	methods	implemented	by	

restructuring.		The	original	ElmerSolver	
code	has	been	split	between	these	

methods.	
	

ElmerSolver_init	now	contains	the	logic	
that	handles	the	modes	of	ini(alisa(on.	

	
Full	code	in	the	elmerice_FISOC	branch	
in	the	main	github	repository.		Needs	
(dying	and	merging!		On	my	list	of	

things	to	do…	
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RunAll	wraps	the	
exis(ng	method	for	
running	the	full	
simula(on	

The	Run	method	for	
FISOC	is	more	

restric(ve	and	allows	
calling	one	(mestep	at	

a	(me	
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Run	%me	interven%on	with	FISOC	is	
minimal.	

	
The	MeltRate	variable	name	is	hard	coded	
in	FISOC	(though	I	could	easily	make	this	an	
input	file	op(on).		Here	the	lower	surface	
variable	is	called	FS	lower	(this	is	used	in	
the	free	surface	solver,	so	the	lower	

surface	must	have	a	body	id).	
	

The	hard	coded	melt	rate	variable	must	
match	the	name	of	an	exis(ng	variable	in	
Elmer,	such	as	defined	using	the	“Exported	

variable”	statement	in	the	.sif.	
	

It	is	straigh]oward	to	exchange	addi(onal	
variables	through	FISOC,	e.g.	temperature.	



Grounding	line	movement	

T h e 	 ” t h i n 	 fi l m ” 	 a p p r o a c h 	 o r 	 ” w eRn g 	 a n d 	 d r y i n g ” 	

ROMS	implements	a	“wet/dry”	
scheme,	similar	to	the	“thin	
film”	approach.	

Pressure	at	the	ice/ocean	
interface	is	determined	by	
the	floata(on	assump(on,	
based	on	ice	draa.	 mean	water	

column	density	
ice	
draa	

water	column	
thickness	

wet-dry	
ac(va(on	
thickness	

ice	thickness	in	metres	
of	water	equivalent	



Southern	Ocean	&	Antarc(c	ice-ocean	modelling	

S o u t h e r n 	 O c e a n 	 m o d e l 	

We’ve	set	up	a	regional	ocean	simula(on	
including	all	Antarc(ca’s	major	ice	shelf	
cavi(es.	
Credit:	Ole	Richter,	University	of	Tasmania	
This	will	be	coupled	to	an	ice	sheet	
simula(on	of	the	whole	Antarc(c	Ice	
Sheet.	
A	fully	coupled	whole-Antarc(c	ice-ocean	
simula(on	would	be	a	world	first,	enabling	
improved	es(mates	of	sea	level	rise.	



Southern	Ocean	&	Antarc(c	ice-ocean	modelling	



Coupled	ice	–	ocean	modelling	(FISOC)	

T h e 	 R o i 	 B a u d o i n 	 I c e 	 S h e l f 	 a n d 	 i t s 	 m e l t 	 c h a n n e l s 	

Applying Elmer/Ice at different scales

Above: Rela;vely coarse Antarc;c mesh

Le>: Fine resolu;on mesh for a detailed 
study of ice shelf melt channels



Ice	sheet	modelling:	sub-shelf	channels	

A 	 R o i 	
B a u d o i n 	 I c e 	
S h e l f 	
c h a n n e l 	
w i t h 	 n o 	
m e l % n g . . . 	



One	or	two	more	comments…	

•  Coupled	ice	ocean	modelling	is	always	at	least	as	demanding	as	ocean	modelling	plus	
ice	sheet	modelling.		This	is	why	I	don’t	recommend	new	people	to	go	straight	for	
coupled	modelling	with	FISOC:	you	need	ice	and	ocean	competence	and	func(oning	
domains	first.	

•  FISOC:	plan	to	couple	FVCOM	into	FISOC	in	Jan	2019.		Tore	and	I	have	allocated	a	week	
for	this.	

•  Accelerated	forcing	for	ocean	in	coupled	simula(ons	for	long	(mescales:	if	(mescales	
for	ocean	adjustment	to	forcing	are	sufficiently	fast	compared	to	the	forcing	trends,	
maybe	we	can	condense,	for	example,		a	century	of	forcing	into	a	decade	of	simula(on.	



The	future	of	Antarc(ca	

A s s e s s i n g 	 p o l a r 	
g e o e n g i n e e r i n g 	

Xiaoran	says	he	isn’t	going	
to	present	anything….	so…		
	
We’re	now	star(ng	to	carry	
out	computer	simula(ons	of	
the	Pine	Island	Glacier	to	
assess	the	impact	of	
“subglacial	drying”	(not	yet	
published).	



Ice	Sheet	Modelling:	Pine	Island	Glacier	

H e a t 	 a n d 	 h y d r o l o g y 	

And	just	in	case	Yufang	
doesn‘t	present	
either....	
	
She	might	try	applying	
Glads	to	look	at	basal	
hydrology	–	dynamic	
feedbacks	under	PIG.	



Please	clap	now	



Antarc(c	inversion	

P i n e 	 I s l a n d 	 G l a c i e r 	 a n d 	 i t s 	 i c e 	 s h e l f 	 c a v i t y 	
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Coupled	simula(on	(using	Nacho’s	
MISMIP+	Elmer/Ice	setup)	

ISOMIP+	setup	using	FISOC	as	a	
wrapper	for	(me-evolving	forcing)	

Temperature	
(not	scaled	in	
the	ver(cal)	

Melt	rate	on	
lower	ice	
surface	



Ice	Sheet	Modelling:	Pine	Island	Glacier	

B a s a l 	 s h e a r 	 s t r e s s 	 o b t a i n e d 	 t h r o u g h 	 i n v e r s i o n 	


