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1 Introduction	

The	on-going	advancement	of	computer	hardware	and	information	technology	has	created	new	opportunities	for	

climate	modeling.	Climate	models	have	become	more	complex	with	increased	spatial	resolution	and	better	

representation	of	physical	processes.	The	frontiers	of	climate	modeling	are	being	pushed	to	new	limits	which	has	

greatly	improved	our	understanding	of	the	climate	system,	processes,	sensitivities	and	feedbacks,	and	which	has	

improved	our	possibility	to	better	simulate	the	climate	and	its	anticipated	changes	in	the	future.	

Several	studies	in	the	past	have	addressed	the	question	about	the	benefits	of	higher	model	resolution.	Among	other	

effects	a	positive	impact	was	found	in	the	representation	of	atmospheric	blockings	(Jung	et	al.	2012,	Berckmans	et	al.	

2013,	Dawson	and	Palmer	2014),	precipitation	(Chan	et	al.	2013,	Van	Haren	et	al.	2015),	ocean	circulation	(Winton	et	

al.	2014)	or	tropical	cyclones	(Murakami	et	al.	2015).	An	important	impact	of	higher	model	resolution	is	a	change	in	

the	drivers	of	the	hydrological	cycle	(Demory	et	al.	2014)	which	is	an	important	aspect	of	climate	models	when	it	

comes	to	their	ability	to	realistically	simulate	extreme	precipitation	events,	river	discharges	or	extreme	soil	moisture	

conditions.	A	good	representation	of	the	hydrological	cycle	is	essential	for	the	climate	impact	modeling	and	

therefore	we	expect	substantial	benefits	from	higher	spatial	resolution.	

The	EU	FP7	HELIX	project	aims	at	making	projections	of	global	impacts	under	future	climate	change,	and	to	make	

these	projections	as	useful	as	possible	we	chose	models	with	higher	resolution	than	the	CMIP5	models	to	benefit	

from	the	advantages	of	higher	resolution.		Also,	in	HELIX	we	wanted	to	cover	as	much	of	the	range	of	possible	

regional	climate	changes	as	we	could	within	limited	computing	resources.		We	therefore	decided	to	use	atmosphere-

only	models	that	were	forced	with	SST	and	sea-ice	concentrations	(SIC)	from	existing	CMIP5	models.		Prescribing	SST	

and	SIC	allow	our	results	to	be	easily	comparable	with	other	work	by	the	wider	climate	science	community,	and	in	

particular	with	the	climate	and	climate	change	in	the	forcing	CMIP5	models	to	assess	the	benefits	of	higher	

resolution.		Furthermore,	we	also	look	in	more	detail	at	the	impact	of	increasing	resolution	in	one	particular	model.	

The	CMIP5	simulations	were	typically	done	with	spatial	resolutions	of	at	least	200km.	Here	we	use	two	climate	

models	of	the	next	generation	with	horizontal	resolution	of	30-60	km	that	will	be	used	in	upcoming	CMIP6	

experiments.	These	model	versions	not	only	feature	higher	resolution	than	their	predecessors	but	also	upgraded	

dynamics	and	parameterisations.	To	better	understand	the	role	of	higher	resolution	we	therefore	split	this	study	into	

two	parts	with	the	first	part	addressing	the	impact	from	higher	resolution	compared	to	CMIP5	models,	and	the	

second	part	looking	at	the	impact	of	higher	resolution	if	the	same	model	is	used	with	two	different	resolutions.	The	

geographical	focus	of	the	evaluation	is	on	the	HELIX	target	regions	of	Europe,	northern	sub-Saharan	Africa	and	South	

Asia.	The	effects	from	higher	resolution	are	studied	at	different	warming	levels	to	see	if	increased	resolution	plays	a	

similar	role	in	changing	climate	compared	to	present-day.	



	
	

2 High-resolution	models	

2.1 EC-EARTH3	

The	EC-EARTH3	model	is	developed	jointly	by	the	EC-EARTH	consortium	that	comprises	a	number	of	European	Met	

Services	and	research	institutes	(http://www.ec-earth.org).	The	EC-EARTH3	model	v3.1	is	an	updated	version	of	EC-

EARTH	v2.3	that	was	used	for	CMIP5	(Hazeleger	et	al.	2012	and	Hazeleger	et	al.	2013).	

The	atmosphere	module	in	EC-EARTH3	is	based	on	IFS	cy36r4	that	is	also	used	in	the	seasonal	prediction	system	S4	

at	ECMWF	(Molteni	et	al.	2011).	The	main	differences	to	v2.3	are	the	introduction	of	the	McRad	scheme	for	a	better	

representation	of	the	interaction	between	radiation	and	subgrid	clouds	(Morcrette	et	al.	2008),	and	an	entirely	new	

microphysics	with	5	prognostic	classes	of	hydrometeors	(Forbes	et	al.	2011).	These	two	changes,	in	combination	with	

an	updated	convection	scheme	have	helped	to	greatly	improve	the	representation	of	tropical	precipitation.	In	

addition	to	these	updates	a	new	humidity	conservation	was	added	to	the	EC-EARTH3	model.	The	humidity	

conservation	has	been	backported	from	a	later	cycle	of	the	IFS	model	to	address	the	spurious	sources	and	sinks	of	

humidity	that	have	been	identified	(Diamantakis	and	Flemming	2013).	

The	standard	resolution	of	the	atmosphere	in	EC-EARTH3	increased	from	T159	in	CMIP5	to	T255	(planned	for	

CMIP6).	For	the	simulations	for	the	HELIX	project	the	high-resolution	version	of	the	model	(EC-EARTH3-HR)	was	used	

with	T511	which	corresponds	to	0.35	deg	nominal	horizontal	resolution	(~40	km).	The	vertical	resolution	increased	

from	62	to	91	levels	with	a	higher	model	top	and	most	of	the	new	levels	added	in	the	stratosphere.	

Version	3.1	of	the	EC-EARTH	model	lies	in	the	transition	from	the	CMIP5	model	towards	the	CMIP6	model.	Many	

features	have	already	been	updated	or	added	in	v3.1,	yet	there	are	more	changes	expected	for	EC-EARTH3	before	

the	CMIP6	simulations	will	start	(expected	in	2017).	For	this	reason	EC-EARTH3	v3.1	was	not	extensively	tuned	and	

documented,	nevertheless	it	has	been	used	in	a	number	of	EU	FP7	projects	(EMBRACE,	SPECS,	HELIX).	

2.2 HadGEM3	

HadGEM3	(Hadley	Centre	Global	Environment	Model	version	3)	is	a	configuration	of	the	UK	Met	Office	Unified	

Model	(MetUM)	which	has	been	developed	for	use	for	both	climate	research	and	weather	prediction	applications.			It	

is	the	result	of	converging	the	development	of	the	Met	Office’s	weather	and	climate	global	atmospheric	model	

components	so	that,	where	possible,	atmospheric	processes	are	modelled	or	parameterised	seamlessly	across	spatial	

resolutions	and	timescales.			

The	HadGEM3	family	of	climate	models	(Hewitt	et	al,	2011)	represents	the	third	generation	of	HadGEM	

configurations,	leading	on	from	the	HadGEM2	family	of	climate	model	configurations	(Martin	et	al.,	2011)	which	was	

used	for	CMIP5.		The	HadGEM3	family	comprises	a	range	of	specific	model	configurations	incorporating	different	

levels	of	complexity	but	with	a	common	physical	framework.	It	includes	a	coupled	atmosphere-ocean	configuration,	

with	or	without	a	vertical	extension	in	the	atmosphere	to	include	a	well-resolved	stratosphere,	and	an	Earth-System	

configuration	which	includes	dynamic	vegetation,	ocean	biology	and	atmospheric	chemistry.		A	range	of	atmospheric	

resolutions	is	available.		There	is	a	choice	of	vertical	resolutions	between	38	levels	extending	to	~40km	height,	and	85	

levels	extending	to	~85km	in	height	(of	which	50	are	below	18km),	the	latter	allowing	improved	representation	of	

stratospheric	processes.	Horizontal	resolutions	vary	between	2.5	degrees	of	latitude	by	3.75	degrees	of	longitude	

and	0.556	degrees	of	latitude	by	0.833	degrees	of	longitude,	depending	on	the	application.			

The	high-resolution	simulations	for	HELIX	have	been	performed	using	the	HadGEM3-A	Global	Atmopshere	(GA)	3.0	

model	(Walters	et	al.,	2016)	at	a	resolution	of	N216	(~60km).		This	is	the	atmospheric	component	of	the	HadGEM3	

GC2	coupled	climate	model	(Williams	et	al.,	2015;	Senior	et	al.,	2016).			Key	improvements	over	HadGEM2	include	



	
	

increased	vertical	levels	in	the	atmosphere	(85	compared	to	38)	and	substantial	changes	to	the	model	dynamics	

(ENDGame)	(Wood	et	al.,	2014).		As	with	EC-EARTH,	this	version	of	the	HadGEM3	model	lies	in	the	transition	from	

CMIP5	to	CMIP6	versions.		The	Met	Office	is	operationally	running	the	coupled	HadGEM3-GC2	model	at	N216	

resolution	for	seasonal	and	decadal	forecasting	and	clear	benefits	are	emerging	from	this	use	at	higher	resolution	

(MacLachlan	at	el.,	2014;	Knight	et	al,	2014).			

3 Method	

Coupled	climate	model	simulations	with	high	resolution	are	expensive	yet	we	expect	the	higher	resolution	to	better	

resolve	land-sea	contrasts,	orographic	variability,	and	small-scale	processes	such	as	convection,	leading	to	a	more	

realistic	representation	of	the	climate.	Any	coupled	climate	model	requires	a	considerably	long	spin-up	period	to	

bring	the	ocean	into	equilibrium	before	any	climate	change	simulation	can	start.	For	high	resolution	simulations	as	

we	would	like	to	use	them	in	HELIX	it	is	still	not	practical	to	make	fully	coupled	atmosphere-ocean	integrations	over	

long	time	periods	due	to	the	exorbitant	costs.		Furthermore,	the	HELIX	project	aims	at	assessing	the	regional	climate	

impact	and	therefore	needs	to	explore	the	full	range	of	possible	changes	which	requires	making	an	ensemble	of	

global	high	resolution	simulations.		To	balance	the	need	for	an	ensemble	of	high	resolution	simulations	against	the	

limitations	of	computing	resources,	the	decision	was	made	to	make	downscalings	for	HELIX	with	the	high-resolution	

atmosphere-only	versions	of	two	climate	models	forced	with	SST	and	SIC	from	selected	CMIP5	models.		A	similar	

method	has	been	used	for	the	CORDEX	downscalings,	the	main	difference	to	CORDEX	is	that	the	new	simulations	for	

HELIX	are	done	with	global	high-resolution	models	without	the	need	for	lateral	boundary	forcing.		Apart	from	the	

computational	advantages,	the	use	of	prescribed	SST	and	SIC	at	the	lower	boundary	also	constrains	the	high	

resolution	downscalings	to	the	climate	of	the	forcing	CMIP5	model	which	makes	it	easier	to	compare	the	HELIX	

impact	results	against	those	from	other	studies	such	as	ISIMIP	fasttrack.	

	 	



	
	

HELIX	

realisation	

CMIP5	forcing	

model	

CMIP5	

forcing	

model	

realisation	

SWL1.5	 SWL2	 SWL4	 SWL6	

r0	 ERA-Interim	 	 		 	 	 	

r1	 IPSL-CM5A-LR	 r1i1p1	 2015	 2030	 2068	 2102	

r2	 GFDL-ESM2M	 r1i1p1	 2040	 2055	 2113	 	

r3	 HadGEM2-ES	 r1i1p1	 2027	 2039	 2074	 2110	

r4	 EC-EARTH	 r12i1p1	 2019	 2035	 2083	 	

r5	 GISS-E2-H	 r1i1p1	 2022	 2038	 2102	 	

r6	 IPSL-CM5A-MR	 r1i1p1	 2020	 2034	 2069	 	

r7	 HadCM3LC	 (not	part	

of	CMIP5)	

2003	 2020	 2065	 	

r8	 MIROC-ESM-

CHEM	

r1i1p1	 2023	 2035	 2071	 		

r9	 ACCESS1-0	 r1i1p1	 2034	 2046	 2085	 		

	

Table	1:	Ensemble	of	global	high-resolution	downscaling	simulations	(realisations)	for	the	HELIX	project	with	their	

corresponding	CMIP5	forcing	model.	Also	listed	are	the	times	when	a	specific	SWL	is	passed.	

	

Table	1	lists	the	selection	of	CMIP5	models	that	were	used	as	forcing	for	EC-EARTH3	and/or	HadGEM3	and	the	year	

of	passing	a	specific	warming	level	(SWL).		In	this	work	the	SWL	are	defined	as	the	warming	relative	to	the	pre-

industrial	period	but	alternative	definitions	of	the	SWL	do	exist.		The	details	of	finding	the	year	when	a	SWL	is	passed	

are	given	in	HELIX	D2.1	(Gohar	et	al.	2014).		The	subset	of	CMIP5	models	for	the	forcing	was	chosen	based	on	

different	criteria	such	as	identifying	a	CMIP5	model	with	high	and	another	with	low	climate	sensitivity.		Other	criteria	

were	to	look	for	an	extraordinarily	dry	or	wet	climate	change	signal	in	the	HELIX	target	regions.		An	important	caveat	

is	that	the	selection	criteria	were	only	applied	in	the	HELIX	target	regions,	the	subset	of	CMIP5	models	used	may	not	

be	equally	representative	in	other	regions.		By	selecting	this	subset	of	CMIP5	models	for	the	downscaling	we	sample	

the	full	range	of	CMIP5	models	for	the	later	forcing	of	impact	models	yet	reduce	the	computational	costs	by	only	

doing	a	limited	number	of	high-resolution	simulations.		Tables	2	and	3	list	the	global	and	regional	ranges	of	mean	

temperature	and	precipitation	changes	relative	to	present-day	conditions	in	the	subset	of	CMIP5	models	that	were	

used	to	force	the	global	atmosphere-only	AGCMs	here.		The	same	tables	also	list	the	results	of	the	HELIX	

downscalings	to	illustrate	the	representativeness	of	the	downscaling	method	and	justify	the	use	of	the	new	HELIX	

ensemble	in	climate	impact	modelling	studies.	

The	high	resolution	downscalings	were	done	as	transient	simulations,	starting	in	1979	and	extending	to	2100	or	

beyond	if	the	forcing	data	were	available.		Simulations	r1-r9	all	utilise	the	RCP8.5	scenario	which	represents	a	

relatively	high	greenhouse	gas	emissions	pathway	for	the	21
st
	century	(Riahi	et	al.,	2011;	Moss	et	al.,	2010).		The	long	

transient	simulations	are	a	deviation	from	the	original	HELIX	workplan	that	only	foresaw	the	use	of	timeslices	at	each	

SWL.		The	transient	simulation	were	not	overly	expensive	compared	to	the	original	plan,	yet	they	now	provide	the	

opportunity	to	pick	other	SWLs	of	interest	that	were	not	considered	at	the	time	when	the	HELIX	proposal	was	

written,	e.g.	the	1.5	degree	warming	target	that	was	promoted	in	the	Paris	Agreement.		Furthermore,	the	transient	

simulations	allow	us	to	study	the	time	depending	aspects	of	the	climate	change	impact	by	taking	into	account	that	

the	different	SWLs	are	reached	at	different	times	depending	on	the	CMIP5	forcing	model.	

	



	
	

  
CMIP5 subset HELIX 

  
min max min max 

Global 

SWL2 1.38 2.47 1.35 2.44 

SWL4 3.94 5.24 3.93 5.11 

SWL6 

  

6.55 6.76 

Europe 

SWL2 1.51 2.46 1.30 2.50 

SWL4 3.90 5.23 3.85 5.21 

SWL6 

  

6.87 6.92 

S Africa 

SWL2 1.27 2.24 1.39 2.28 

SWL4 3.37 4.66 3.81 4.57 

SWL6 

  

6.04 6.56 

SE Asia 

SWL2 1.10 2.01 1.07 2.05 

SWL4 3.45 3.94 3.30 4.25 

SWL6 

  

5.72 6.21 

	

Table	2:	Range	of	mean	temperature	change	at	different	SWLs	relative	to	present-day	conditions,	global	and	for	the	

three	HELIX	target	regions.	Only	land-points	are	included	the	spatial	averages.	Listed	are	the	range	of	the	subset	of	

CMIP5	models	that	were	used	as	lower	boundary	forcing	for	the	HELIX	downscalings,	and	the	resulting	range	from	the	

two	AGCMs	used	here	

	 	



	
	

 

 
CMIP5 subset HELIX 

 

 
min max min max 

Global 

SWL2 1.62 3.77 0.77 4.43 

SWL4 2.17 8.46 4.69 8.69 

SWL6 

  

13.75 14.46 

Europe 

SWL2 -2.18 5.54 -1.12 5.18 

SWL4 -7.47 8.02 -3.36 6.35 

SWL6 

  

3.58 5.41 

S Africa 

SWL2 -1.45 4.28 -3.80 1.68 

SWL4 -0.83 11.54 -3.56 7.15 

SWL6 

  

-0.81 6.75 

SE Asia 

SWL2 -0.56 17.40 -0.98 15.77 

SWL4 7.51 36.78 -0.25 44.09 

SWL6 

  

10.72 23.53 

	

Table	3:	As	table	2	but	for	the	relative	change	of	mean	precipitation.	

4 New	high-resolution	simulations	compared	against	CMIP5	

The	first	step	in	evaluating	the	new	HELIX	high-resolution	simulations	is	to	compare	them	with	the	CMIP5	models	

from	which	the	SST/SIC	forcings	were	derived.		Since	SST/SIC	are	prescribed	to	the	atmosphere-only	HELIX	

simulations,	only	changes	over	land	areas	are	considered.	

The	two	main	variables	of	interest	for	climate	impacts	analysis	are	temperature	and	precipitation,	and	in	order	to	be	

able	to	assess	changes	in	both	mean	and	extreme	changes,	these	are	assessed	using	daily	data.		A	subset	of	

commonly	used	climate	extremes	indices	(e.g.	Zhang	et	al.,	2011)	are	derived	from	the	daily	variables	to	capture	

aspects	of	extremes	based	on	both	fixed	thresholds	and	percentile	changes.		For	temperature,	in	addition	to	mean	

annual	changes	(tas),	the	95
th
	percentile	of	daily	maximum	temperature	is	also	used	(tasmax95).		For	precipitation,	

mean	annual	precipitation	(pr),	the	numbers	of	days	with	precipitation	above	20mm	(r20mm),	the	annual	maximum	

1-day	precipitation	(rx1day)	and	the	95
th
	percentile	of	daily	precipitation	(pr95)	are	considered.		Future	work	in	HELIX	

will	look	at	a	wider	suite	of	indices,	including	heat	wave	metrics	and	other	user-defined	threshold	indices	with	

guidance	from	other	work	packages.			

The	specific	warming	level	periods	for	2°C	and	4°C	above	pre-industrial	are	20-year	periods	which	are	evaluated	from	

the	original	CMIP5	simulations	(Gohar	et	al.	2014).		Different	simulations	reach	the	SWLs	at	different	times	in	the	

future	(Table	1).		



	
	

4.1 Temperature		

For	the	present-day	period	(defined	as	1981-2010),	the	high	resolution	simulations	show	good	spatial	agreement	

with	the	CMIP5	simulations	in	all	cases	(Figure	1).		The	benefits	of	higher	resolution	are	noticeable	on	regional	scales	

–	for	example	the	cooler	temperatures	over	higher	elevation	regions	such	as	the	Alps	and	the	Atlas	mountains	are	

noticeable	in	a	number	of	the	HELIX	simulations	as	a	result	of	the	more	detailed	underlying	topography	in	these	

models.		The	large	scale	patterns	and	magnitudes	of	temperatures	during	this	base	period	are	very	similar	between	

the	CMIP5	and	HELIX	simulations,	and	are	also	quite	consistent	between	the	different	CMIP5	models	and	their	high	

resolution	counterparts,	

	

Figure	1:	Mean	annual	temperature	for	the	period	1981-2010	for	CMIP5	IPSL-CM5A-LR	simulation	r1i1p1	(top),	and	

EC-EARTH3	(middle)	and	HadGEM3	(bottom)	HELIX	high-resolution	simulations	driven	by	the	CMIP5	IPSL-CM5A-LR	

SST	and	sea	ice.	

	

Global	mean	annual	changes	across	the	ensemble	of	CMIP5	models	and	HELIX	simulations	show	that	changes	over	

land	are	generally	around	2°C	at	SWL2	but	are	slightly	larger	than	4°C	at	SWL4	(Figure	2).		At	SWL4	land	temperatures	

are	approximately	4-6°C	higher	compared	with	present	day.		Magnitudes	and	patterns	of	change	are	broadly	similar	

between	CMIP5	and	HELIX	simulations	(Figure	3).	

  



	
	

	

Figure	2:	Mean	global	annual	temperature	change	over	land	at	SWL2,	SWL4	and	SWL6	relative	to	present-day	for	the	

ensemble	of	HELIX	high-resolution	simulations	(EC-EARTH3	and	HadGEM3)	and	the	subset	of	CMIP5	driving	models	

that	were	used	in	here.	

	

The	spatial	maps	indicate	regions	of	4-6°C	change	compared	to	present	day	at	SWL4	and	magnitudes	and	patterns	of	

change	are	relatively	consistent	between	the	models.		EC-Earth	(CMIP5	and	HELIX)	tends	to	project	slightly	cooler	

temperature	changes	relative	to	other	models	at	SWL2	and	SWL4	(not	shown).		Comparing	EC-EARTH3	with	

HadGEM3	using	the	IPSL-CM5A-LR	driving	data,	the	HadGEM3	simulation	indicates	slightly	warmer	temperatures	

compared	to	present	day	(Figure	3),	and	this	is	replicated	across	some	of	the	other	HadGEM3	simulations	which	

show	a	slightly	larger	temperature	response		

	



	
	

	

Figure	3:	Mean	annual	temperature	for	SWL4		for	CMIP5	IPSL-CM5A-LR	simulation	r1i1p1	(top),	and	EC-EARTH3	

(middle)	and	HadGEM3	(bottom)	HELIX	high-resolution	simulations	driven	by	the	CMIP5	IPSL-CM5A-LR	SST	and	sea	

ice.	

	

Temperature	changes	in	the	three	HELIX	sub-regions	are	generally	in	line	with	global	changes,	and	similarly	for	

seasonal	summer	and	winter	changes.		South	Asia	(not	shown)	tends	to	show	slightly	smaller	increases,	but	Europe	

shows	generally	larger	increases,	particularly	during	summer	(Figure	4	top,	note	the	high	inter-model	variability)	

where	changes	in	some	CMIP5	and	HELIX	simulations	are	above	5°C	at	SWL4.	

	 	



	
	

	

Figure	4:	Mean	European	summer	temperature	(left)	and	maximum	summer	maximum	temperature	(right)	change	

for	the	ensemble	of	HELIX	high-resolution	simulations	(EC-EARTH3	and	HadGEM3)	and	their	corresponding	CMIP5	

driving	models	at	SWL2,	SWL4	and	SWL6.	

	

For	a	measure	of	temperature	extremes,	the	present	day	global	maps	of	the	mean	of	daily	95
th
	percentile	

temperatures	again	show	similar	patterns	and	magnitudes	in	the	CMIP5	models	and	the	HELIX	simulations	(not	

shown).	

The	present-day	means	and	future	changes	of	maximum	daily	Tmax	for	the	regions	and	seasons	are	again	broadly	

similar	to	global	changes,	with	an	exception	being	European	summer	temperatures	(Figure	4,	bottom)	and	annual	

temperatures	(not	shown).		Again	there	is	large	inter-model	variability,	but	at	SWL2	the	range	of	temperature	change	

extends	to	around	4°C	and	at	SWL4	the	changes	are	much	larger	again	with	temperature	changes	in	the	range	of	4.5-

7.5°C.	

Further	work	on	temperature	extremes	will	investigate	changes	in	minimum	and	maximum	temperatures	and	diurnal	

temperature	range,	plus	a	range	of	heat	wave	metrics.	

4.2 Precipitation		

Precipitation,	which	has	a	lower	spatial	homogeneity	compared	to	temperature,	is	expected	to	be	influenced	by	a	

move	towards	higher	spatial	resolution	simulations.		The	spatial	patterns	and	magnitudes	of	present-day	annual	

mean	precipitation	compare	well	between	the	CMIP5	models	and	their	HELIX	counterparts	(e.g.	Figure	5).		Improved	

representation	of	precipitation	features	associated	with	orgraphic	ranfall	in	particular	can	be	clearly	seen.		One	

particular	feature	across	the	simulations	is	that	rainfall	over	India	is	noticeably	lower	in	the	HadGEM3	HELIX	

simulations	compared	to	both	the	equivalent	CMIP5	model	and	the	HELIX	EC-EARTH3.	

	



	
	

	

Figure	5:	Mean	annual	precipitation	for	the	present-day		for	CMIP5	IPSL-CM5A-LR	simulation	r1i1p1	(top),	and	EC-

EARTH3	(middle)	and	HadGEM3	(bottom)	Helix	high-resolution	simulations	driven	by	the	CMIP5	IPSL-CM5A-LR	SST	

and	sea	ice.	

	

	

Figure	6:	Mean	relative	global	annual	precipitation	change	over	land	at	SWL2,	SWL4	and	SWL6	for	the	ensemble	of	

HELIX	high-resolution	simulations	(EC-EARTH3	and	HadGEM3),	their	corresponding	CMIP5	driving	models,	and	the	full	

range	of	CMIP5	models.	

	



	
	

Changes	in	precipitation	globally	(expressed	as	a	percentage)	are	quite	small	at	SWL2,	with	increases	in	the	0-5%	

range,	and	slightly	larger	at	SWL4	(Figure	6).		Changes	of	10-20%	are	seen	in	the	limited	sample	of	HELIX	models	

which	reach	SWL6.		However,	the	regional	patterns	vary	considerably,	with	projected	changes	for	Europe	showing	

increases	in	winter	rainfall,	and	decreases	in	summer	(Figure	7).		The	largest	changes	for	Europe	can	be	seen	in	

summer	rainfall	reductions	to	as	much	as	20%	or	more	at	SWL4.	

	

	

Figure	7:	Mean	European	winter	(left)	and	summer	(right)	precipitation	changes	at	SWL2,	SWL4	and	SWL6	for	the	

ensemble	of	HELIX	high-resolution	simulations	(EC-EARTH3	and	HadGEM3),	their	corresponding	CMIP5	driving	

models.	

	

For	sub-Saharan	Africa	(not	shown),	large	percentage	increase	are	projected	in	winter	rainfall	(as	high	as	70-80%	at	

SWL6),	but	these	are	relative	to	low	winter	rainfall	totals.		Annual	and	summer	changes	project	modest	increases	at	

SWL4	and	SWL6.		South	Asia	shows	projected	decreases	in	winter	rainfall,	but	quite	large	increases	in	summer	

rainfall	(Figure	8).		There	is	a	large	range	in	the	HELIX	model	projections.		One	reason	for	this	may	be	the	relatively	

dry	conditions	over	South	Asia	simulated	by	the	HadGEM3	model	compared	to	EC-EARTH	

	

 



	
	

	

Figure	8:	Mean	South-East	Asia	winter	(left)	and	summer	(right)	precipitation	changes	at	SWL2,	SWL4	and	SWL6	for	

the	ensemble	of	HELIX	high-resolution	simulations	(EC-EARTH3	and	HadGEM3),	their	corresponding	CMIP5	driving	

models.	

	

	

Figure	9:	Mean	annual	precipitation	changes	for	SWL4		for	CMIP5	IPSL-CM5A-LR	simulation	r1i1p1	(top),	and	EC-

EARTH3	(middle)	and	HadGEM3	(bottom)	HELIX	high-resolution	simulations	driven	by	the	CMIP5	IPSL-CM5A-LR	SST	

and	sea	ice.	

	



	
	

There	are	some	large	regional	differences	in	precipitation	changes	(Figure	9).		Australia	is	a	notable	exception,	being	

drier	in	the	IPSL-CM5A-LR	CMIP5	simulation	at	SWL4,	but	wetter	in	the	two	HELIX	simulations.		There	are	also	quite	

large	differences	over	sub-Saharan	and	east	Africa.	

The	r20mm	index	(number	of	days	per	year	with	over	20mm	of	rainfall)	shows	large	scale	agreement	in	spatial	

patterns	and	magnitudes	for	the	present	day	simulation	period.			A	comparison	of	the	MIROC-ESM-CHEM	model	in	

CMIP5	and	HadGEM3	(Figure	10)	shows	clearly	the	much	better	spatial	definition	of	features.		The	hi-res	simulation	

shows	a	higher	number	of	heavy	rain	days	in	southern	Europe	and	higher	frequency	of	heavy	rain	over	south	

America.		Again	notice	the	lack	of	heavy	rainfall	days	over	South-East	Asia	in	the	HadGEM3	simulation.	

	

	

	

Figure	10:	Mean	annual	R20mm	changes	(days	per	year)	for	the	present-day	for	CMIP5	MIROC-ESM-CHEM	simulation	

r1i1p1	(top),	and	corresponding	HadGEM3	(bottom)	HELIX	high-resolution	simulation.	

	

	



	
	

	

Figure	11:	Mean	global	annual	(left)	and	South-East	Asia	summer	(right)	change	in	the	number	of	days	with	20mm	or	

more	precipitation	(r20mm)	changes	for	the	ensemble	of	HELIX	high-resolution	simulations	(EC-EARTH3	and	

HadGEM3)	and	their	corresponding	CMIP5	driving	models	at	SWL2,	SWL4	and	SWL6.	

	

A	feature	of	the	high	resolution	simulations	is	a	generally	larger	increase	(or	less	of	a	decrease)	in	the	frequency	of	

heavy	rain	days	in	the	future	compared	to	the	CMIP5	projections	(Figure	11,	top).		This	is	the	case	across	all	of	the	

sub-regions	as	well.		South	Asia	also	shows	a	pattern	of	increasing	heavy	rain	days	at	the	SWLs	in	the	HELIX	

simulations,	but	decreases	in	the	CMIP5	models	(Figure	11,	bottom).	

The	95
th
	percentile	of	precipitation	shows	similar	good	agreement	to	mean	annual	precipitation	for	the	present	day.		

HadGEM3	shows	wetter	conditions	over	a	number	of	regions,	but	again	is	relatively	dry	over	South	Asia	(Figure	12).	

	



	
	

	

	

Figure	12:	Mean	annual	95
th
	percentile	of	precipitation	for	the	present-day		for	CMIP5	IPSL-CM5A-LR	simulation	

r1i1p1	(top),	and	corresponding	EC-EARTH3	(middle)	and	HadGEM3	(bottom)	HELIX	high-resolution	simulation.	

	

The	changes	at	the	SWLs	show	interesting	regional	variations	for	rx1day	(maximum	one	day	rainfall).		For	sub-

Saharan	Africa,	there	are	modest	decreases	in	this	index	at	SWL2	and	increases	at	the	higher	SWLs	(Figure	13,	top).	

	

 	



	
	

Figure	13:	Mean	northern	sub-Saharan	African(left)	and	European	(right)	changes	of	summer	maximum	day	

precipitation(rx1day)		for	the	ensemble	of	HELIX	high-resolution	simulations	(EC-EARTH3	and	HadGEM3)	and	their	

corresponding	CMIP5	driving	models	at	SWL2,	SWL4	and	SWL6.	

	

Europe	also	shows	a	slight	decrease	at	SWL2,	and	then	an	ambiguous	change	at	SWL4	for	changes	in	summer	rainfall	

(Figure	13,	bottom).		Winter	(not	shown)	shows	increases	towards	higher	SWLs.		South	Asia	points	towards	increases	

in	rx1day	during	summer	(Figure	14,	top).		During	the	winter,	and	based	on	smaller	rainfall	totals,	the	pattern	is	less	

clear,	with	a	difference	in	the	sign	of	change	between	CMIP5	and	HELIX	simulations	at	SWL4	(Figure	14,	bottom).	

	

 	

	

Figure	14:	Mean	South-East	Asia	summer	(left)	and	winter	(right)	rx1day	changes	for	the	ensemble	of	HELIX	high-

resolution	simulations	(EC-EARTH3	and	HadGEM3)	and	their	corresponding	CMIP5	driving	models	at	SWL2,	SWL4	and	

SWL6.	

5 Sensitivity	to	model	resolution	in	the	EC-EARTH3	model	

The	two	climate	models	used	for	the	high-resolution	downscaling	in	HELIX	are	developments	of	CMIP5	models	and	

belong	to	the	next	generation	models	that	will	be	used	for	CMIP6.	The	parameterisations	and	the	description	of	

processes	have	been	improved	and	thus	it	is	not	straightforward	to	attribute	all	changes	between	downscaled	HELIX	

simulations	and	the	original	CMIP5	models	only	to	the	increased	resolution.	To	separate	the	impact	from	higher	

resolution	from	other	improvements	of	the	climate	models	we	study	the	differences	between	two	downscaling	that	

were	both	done	with	the	same	EC-EARTH3	model	yet	different	horizontal	resolution,	T255	(≈	80	km	at	the	equator)	

and	T511	(≈	40	km	at	the	equator).	The	SST	and	sea-ice	forcing	for	these	simulations	are	from	the	EC-Earth,	GFDL-

ESM2M	and	IPSL-CM5A-LR	models	from	the	CMIP5	archive.	

The	two	ensembles	(with	three	simulations	each)	are	analysed	to	study	the	gain	from	higher	resolution;	both	when	

looking	at	the	general	features	(such	as	mean	values)	over	large	regions	and	also	in	the	probability	distribution	of	

variables.	The	focus	is	on	the	3	HELIX	target	regions	Europe,	Southern	Africa	and	South-East	Asia.	Model	results	for	



	
	

the	present-day	climate	are	compared	with	ERA-Interim	reanalysis	at	80	km	resolution	(Dee	et	al.	2011),	and	for	

Europe	also	the	EOBS	reanalysis	at	25	km	horizontal	resolution	(Haylock	et	al.	2008).	

A	natural	consequence	of	higher	resolution	is	that	the	topography	is	better	resolved;	especially	the	extent	and	

altitude	of	mountain	ranges	are	better	described	with	higher	resolution.	EOBS,	having	the	highest	resolution	of	all	

datasets	considered	here	has	the	most	realistic	description	of	topography.	As	an	example	if	we	compare	the	

topography	in	the	T255	and	T511	resolutions	we	conclude	that	the	Pyrenees	are	around	1000	m	higher	with	T511	

and	that	the	Carpathians	has	a	shape	more	similar	to	reality.	In	southern	Africa	the	coastal	mountain	ranges	get	

higher	and	steeper.	In	India	the	largest	differences	are	found	around	the	mountain	ranges	on	the	west	coast	and	in	

the	north	east.	

It	is	not	possible	to	directly	compare	the	same	variable	with	two	different	resolutions	unless	the	fields	are	remapped	

onto	a	common	grid	with	all	the	negative	consequences	that	follow	with	the	interpolation.	Thus,	the	comparison	

between	the	simulations	of	different	resolutions	is	made	in	two	ways:	partly	by	qualitatively	comparing	maps,	and	in	

a	more	quantitatively	way	comparing	probability	density	functions	(PDFs)	of	the	different	simulations.	For	each	grid	

point	in	one	of	the	domains	a	set	of	metrics	are	computed,	e.g.	mean	temperature,	maximum	precipitation,	number	

of	precipitation	days	etc.	The	PDFs	express	the	ability	of	the	simulations	to	capture	the	frequency	of	occurrence	of	a	

given	metric.	In	that	way	simulations	with	different	resolution	and	different	number	of	gridpoints	can	be	compared,	

with	the	caveat	that	two	simulations	can	have	the	same	PDF	but	completely	different	spatial	distributions.	The	PDFs	

should	therefore	be	complemented	by	maps	to	at	least	qualitatively	see	if	the	spatial	patterns	are	similar.		

For	this	section	the	present-day	climate	is	defined	as	the	climate	of	the	period	1981-2010.	The	specific	warming	

levels	(SWL)	are	defined	as	the	20-year	period	around	the	date	when	the	running	mean	of	the	global	mean	

temperature	of	the	forcing	CMIP5	model	reaches	a	specific	warming	compared	its	pre-industrial	climate	(Gohar	et	al.	

2014).	This	means	that	the	timing	of	the	SWLs	can	differ	between	simulations	that	are	forced	with	SST	and	SIC	from	

different	CMIP5	models.	The	SWLs	used	here	are	2,	4	and	6	°C	warmer	than	pre-industrial.	

5.1 Impact	of	the	resolution	in	present-day	climate	

5.1.1 Temperature	

Europe	

The	general	features	of	annual	temperature	in	Europe	are	similar	in	all	simulations	and	reanalyses:	warmer	in	the	

south	and	colder	in	the	north;	the	Alps	and	Carpathians	colder	than	the	surrounding	areas	and	sea	areas	warmer	

than	land	areas	(Fig.	15).	Generally	the	model	simulations	are	colder	than	the	reanalyses.	There	are	also	differences	

between	the	model	simulations	caused	by	differences	in	the	SST/SIC	from	the	forcing	CMIP5	model.	The	large	scale	

atmospheric	circulation,	which	determines	a	large	part	of	the	simulated	climate,	is	the	same	regardless	of	the	

resolution.	Within	the	same	model	set-ups	there	are	differences	between	resolutions,	but	these	are	attributed	to	

differences	in	topography;	the	temperature	follows	the	topography	field	which	doesnot	change	the	main	features	of	

the	temperature	field.	The	inter-model	differences	at	one	resolution	are	larger	than	the	differences	between	

resolutions.	

Figure	16	(left)	shows	that	the	driving	model	is	of	most	importance	for	the	simulated	climate;	the	two	simulations	for	

each	model	set-up	are	paired	together.	The	simulated	temperatures	are	generally	too	cold	and	the	simulations	

largely	underestimate	the	occurrence	of	temperatures	above	15	°C	and	overestimate	temperatures	below	0	°C.	

There	are	differences	between	the	reanalysis	data	sets	that	are	mainly	due	to	differences	in	resolution.	

For	summer	maximum	temperature	(here	defined	as	the	95th	percentile	of	maximum	temperature),	the	model	

simulations	underestimate	the	temperature	of	the	most	common	temperature	(Fig.	18,	right).	In	the	“cold”	side	of	



	
	

the	distribution	all	models	compare	well	with	ERA-Interim,	but	have	a	too	high	probability	of	temperatures	in	the	

range	10-25	°C	compared	to	EOBS.	The	models	peak	at	a	lower	temperature	than	the	reanalyses	which	means	that	

the	models	largely	underestimate	the	occurrence	of	temperatures	in	the	range	25-30	°C.	There	are	differences	

between	the	reanalyses	also	on	the	“warm”	side	of	the	distribution,	here	the	models	compare	well	with	EOBS.	The	

differences	in	summer	maximum	temperature	between	models	and	resolutions	are	small.	

Since	the	temperature	does	not	change	much	with	higher	resolution,	indices	based	on	temperature	will	not	change	

much	either.	We	found	no	significant	changes	in	e.g.	the	length	of	the	growing	season	and	heat	wave	duration	index.	

Southern	Africa	

The	same	conclusions	about	the	general	temperature	pattern	as	for	Europe	can	be	made	for	Africa.	The	models	

capture	the	spatial	distribution	of	annual	mean	temperature	yet	are	too	cold	in	most	of	the	domain.	The	simulations	

overestimate	the	probability	of	temperatures	below	20	°C	and	underestimate	the	probability	of	temperatures	above	

25	°C.	There	are	clear	differences	between	the	model	set-ups;	most	notably	the	EC-EARTH	driven	simulations	are	

colder	than	the	others.	The	difference	between	resolutions	is	small	however;	the	differences	between	CMIP5	forcing	

models	are	larger	than	the	differences	between	the	two	resolutions.		

South-East	Asia	

The	models	capture	the	general	features	of	annual	mean	temperature,	but	are	too	cold	in	most	of	the	domain.	The	

models	overestimate	the	probability	of	temperatures	below	25	°C	and	underestimate	the	probability	of	

temperatures	above	25	°C.	Neither	ERA-Interim	interim	nor	the	simulations	shows	temperatures	above	30	°C.	The	

EC-Earth	forced	simulations	are	colder	than	those	forced	with	other	CMIP5	models.	On	the	other	hand	the	difference	

between	the	spatial	resolutions	is	smaller.		

	



	
	

	

	

Figure	15:	Annual	mean	temperature	(°C,	tas)	in	Europe	for	EOBS	(top	centre),	ERA-Interim	(top	right),	low	resolution	

(T255)	simulations	(middle)	and	high	resolution	(T511)	bottom.	The	CMIP5	models	for	the	SST/SIC	forcing	of	the	

simulations	shown	in	the	two	bottom	rows	are	EC-EARTH	(left),	GFDL-ESM2M	(middle)	and	IPSL-CM5A-LR	(right).	

	 	



	
	

	

Figure	16:	PDF	of	annual	mean	temperature	(tas,	left)	and	the	95
th
	percentile	of	maximum	summer	temperature	

(tasmax95,	right)	over	Europe	for	EOBS	(black	dotted	line),	ERA-Interim	(black	full	line),	high	resolution	simulations	

(T511,	blue	lines)	and	low	resolution	simulations	(T255,	red	lines).	The	CMIP5	model	for	the	forcing	of	the	different	

simulations	is	listed	in	the	legend.	

5.1.2 Precipitation	

Europe	

The	models	are	able	to	reproduce	the	spatial	pattern	of	precipitation	given	by	the	reanalysis	data	sets.	Precipitation	

amounts	range	from	0.5	to	5	mm/day.	The	largest	precipitation	amounts	are	found	in	mountainous	areas	and	on	the	

west	coasts	of	Scandinavia,	the	British	Isles	and	the	Iberian	Peninsula.	The	smallest	precipitation	amounts	are	found	

in	Northern	Africa	and	Southeast	Europe.	

For	obvious	reasons	higher	resolution	is	expected	to	improve	the	spatial	distribution	of	precipitation	(Fig.	19).	The	

precipitation	pattern	is	more	detailed	and	more	realistic	with	higher	resolution,	especially	at	coast	lines	and	in	

mountainous	areas.	In	low	resolution	simulations	precipitation	is	smoothed	out	over	large	areas,	while	in	higher	

resolution	precipitation	follows	the	more	complex	topography,	which	means	that	precipitation	gets	more	localised	in	

space	and	that	the	precipitation	amounts	increases	in	some	areas.	This	effect	is	visible	also	in	the	reanalysis	data	

sets.	As	an	example	the	amount	of	precipitation	on	the	east	side	of	the	Adriatic	Sea	is	in	some	regions	twice	as	much	

in	the	high	resolution	simulations	compared	to	the	low	resolution	simulations.	

When	looking	at	the	95th	percentile	of	the	annual	precipitation	(a	measure	of	extreme	precipitation)	it	is	seen	that	

there	is	a	general	agreement	between	models	and	reanalysis,	the	distributions	have	similar	widths,	they	all	peak	at	

about	the	same	point	and	have	roughly	the	same	maximum	(Fig	20).	At	a	closer	look	the	models	tend	to	give	too	

little	precipitation	for	the	most	common	precipitation	amounts.	The	largest	differences	are	found	in	the	“wet”	tail	of	

the	distribution;	here	the	high	resolution	simulations	give	higher	values	for	the	most	extreme	precipitation	which	is	

more	similar	to	the	EOBS	reanalysis.	The	highest	value	of	the	95th	percentile	is	around	22	mm	in	ERA-Interim	and	the	

low	resolution	simulations	and	at	least	32	mm	in	EOBS	and	the	high	resolution	simulations.	It	is	interesting	to	note	

that	this	effect	also	appears	in	the	reanalysis	data	sets,	the	more	resolved	EOBS	reanalysis	gives	higher	precipitation	

than	the	less	resolved	ERA-Interim	reanalysis	which	suggests	that	this	really	is	an	effect	of	the	higher	resolution.		

	



	
	

The	number	of	days	with	precipitation	more	than	10	mm	(r10mm)	is	fairly	similar	between	models	and	reanalysis;	

the	largest	differences	are	not	found	at	the	high-end	tail	of	the	distribution,	but	rather	on	the	most	frequent	number	

of	days.	That	part	of	the	distribution	also	has	the	largest	differences	between	models.	The	EC-EARTH	and	IPSL	driven	

simulations	peaks	at	around	9	days	and	the	GFDL	driven	simulations	peak	at	around	twelve	days,	while	ERA-Interim	

peak	at	10-12	days.	

For	the	numbers	of	days	with	precipitation	more	than	20	mm	(r20mm)	the	low	resolution	simulations	hardly	give	any	

occurrences	of	more	than	20	days	per	year	days	with	precipitation	above	20	mm	while	the	high	resolution	models	

give	more	than	30	days,	which	is	more	in	line	with	the	EOBS	reanalysis.	A	similar	pattern	is	found	for	the	maximum	5	

day	precipitation	(rx5day).	Low	resolution	simulations	give	a	maximum	of	at	most	220	mm	and	the	high	resolution	

simulations	up	to	320	mm	and	EOBS	as	much	as	400	mm.	

Southern	Africa	

In	Africa	the	temperature	differences	between	model	simulations	and	reanalyses	are	bigger.	In	particular	the	models	

underestimate	the	precipitation	amounts	in	the	north	western	part	of	the	Southern	Africa	domain.	In	some	parts	the	

simulated	precipitation	is	only	half	of	the	amount	of	the	reanalyses.	The	models	do	not	capture	the	full	spatial	

variability;	they	underestimate	the	occurrence	of	precipitation	events	with	more	than	5	mm/day	and	less	than	1	

mm/day.	On	the	other	hand	there	is	an	overestimation	in	the	models	in	the	probability	for	precipitation	with	3-7	

mm/day.	This	is	connected	to	the	simulated	precipitation	in	the	north	western	part	of	the	domain;	instead	of	

simulating	precipitation	amounts	in	the	range	5-10	mm/day	the	simulate	precipitation	in	the	range	3-5	mm/day.	The	

models	have	also	problems	with	simulating	the	small	precipitation	amounts	in	the	south	western	parts	of	Africa.	

Although	the	high	resolution	simulations	give	a	more	detailed	spatial	distribution	they	do	not	perform	better.	

Similar	problems	are	seen	in	the	distribution	of	precipitation	days.	The	models	underestimate	the	occurrence	of	very	

dry	(<	20	precipitation	days	per	year)	and	very	wet	(more	than	300	precipitation	days	per	year)	regions.	There	is	

some	improvement	in	the	high	resolution	simulations,	which	have	higher	frequency	of	precipitation	days	over	280	

days	per	year	compared	to	the	low	resolution	simulations.	From	the	maps	showing	the	spatial	distribution	of	

precipitation	days	we	see	that	the	models	underestimate	the	number	of	wet	days	in	the	north	western	part	of	the	

domain	and	the	number	of	dry	days	in	the	south	western	part	compared	to	ERA-Interim.	This	is	for	the	same	reasons	

as	the	differences	in	precipitation	amounts;	with	less	precipitation	comes	fewer	precipitation	days	(in	the	north	east)	

and	more	precipitation	gives	more	precipitation	days	(in	south	west).	

For	the	number	of	days	with	precipitation	over	20	mm	there	are	considerable	differences	between	the	high	and	low	

resolution	simulations.	The	low	resolution	simulations	have	a	higher	probability	of	having	more	days	with	

precipitation	over	20	mm.	The	high	resolution	simulations	give	fewer	days	which	is	more	in	line	with	ERA	interim.		

It	appears	that	although	the	annual	precipitation	is	similar	in	the	high	and	low	resolution	simulations	there	are	

differences	in	how	the	precipitation	is	distributed	in	space	and	time.	This	also	shows	in	the	95th	percentile	of	daily	

precipitation,	where	the	high	resolution	simulations	have	distributions	more	similar	to	ERA	interim.		

South-East	Asia	

In	South-East	Asia	there	is	a	general	agreement	between	model	simulations	and	reanalyses	on	the	distribution	and	

amount	of	precipitation.	The	simulations	do	not	capture	the	dry	region	in	the	northwest	found	in	ERA-Interim	with	

precipitation	close	to	zero.	The	simulations	give	more	precipitation,	especially	on	the	west	coast.	This	orographic	

precipitation	is	enhanced	in	the	high	resolution	simulations.	There	is	a	clear	difference	between	the	resolutions	in	

how	they	simulate	the	largest	precipitation	amounts.	The	high	resolution	simulations	give	precipitation	up	to	11	

mm/day	while	the	low	resolution	simulations	and	ERA-Interim	give	up	to	8	mm/day.	



	
	

For	the	number	of	days	with	precipitation	over	10	mm	there	are	differences	between	the	high	and	low	resolution	

simulations.	Only	the	high	resolution	simulations	capture	the	regions	with	more	than	100	days	of	precipitation	over	

10	mm,	which	is	also	seen	in	ERA-Interim.	A	similar	pattern	is	seen	in	the	maximum	five	day	precipitation.	Only	the	

high	resolution	simulations	capture	the	highest	precipitation	amounts	and	the	high	resolution	simulations	also	match	

ERA-Interim	better	than	the	low	resolution	simulations.		

	

	

	

Figure	17:	Annual	precipitation	(mm/day,	pr)	in	Europe	for	EOBS40	(top	centre),	ERA-Interim	(top	right),	low	

resolution	(T255)	simulations	(middle)	and	high	resolution	(T511)	bottom.	The	driving	models	in	the	two	bottom	rows	

are:	EC-EARTH	(left),	GFDL-ESM2M	(middle)	and	IPSL-CM5A-LR	(right).	

	

	



	
	

	

Figure	18:	Left:	PDF	of	the	95
th
	percentile	of	annual	precipitation	(mm/day,	pr95)	in	Europe	for	EOBS	(black	dotted	

line),	ERA-Interim	(black	full	line),	high	resolution	simulations	(T511,	blue	lines)	and	low	resolution	simulations	(T255,	

red	lines).	Right:	same	as	left,	but	zoomed	in	on	the	end	of	the	tail.	

5.2 Impact	of	the	resolution	in	projections	of	the	future	

To	test	if	the	climate	change	signal	depends	on	model	resolution	we	investigate	the	difference	between	high	and	low	

resolution	simulations	at	SWL2,	SWL4,	and	SWL6.	Of	the	three	model	configurations	used	here	two	reach	SWL4	and	

only	one	reaches	SWL6.	This	makes	the	comparison	less	robust	since	there	is	only	one	model	set-up	with	all	three	

SWLs.	

5.2.1 Temperature	

Europe	

Europe	will	be	warmer	in	the	future.	At	SWL2	the	annual	temperature	will	be	1-3	°C	warmer	than	the	period	1981-

2010	with	the	RCP8.5	scenario.	The	amplitude	of	the	warming	differs	between	simulations	with	different	SST/SIC	

forcings,	but	not	so	much	between	different	resolutions	and	the	same	forcing.	Particularly	the	GFDL	driven	

simulations	show	a	stronger	warming	than	the	two	other	model	set-ups.	There	are	common	features	in	all	

simulations,	such	as	strongest	warming	in	the	northern	parts	of	the	domain	(Arctic	amplification)	and	a	strong	

warming	over	the	Iberian	Peninsula.	Notable	differences	are	the	GFDL-driven	simulations	that	show	a	strong	

warming	over	Eastern	Europe	while	in	the	IPSL-driven	simulations	this	is	the	region	with	little	warming.	The	PDFs	are	

shifted	about	2	°C	to	the	right	(warmer)	for	every	SWL	(Fig	19,	top).	The	shapes	of	the	SWLs	are	more	or	less	

retained,	but	this	is	a	bit	difficult	to	evaluate	since	the	number	of	models	are	reduced	in	the	higher	SWLs.	It	is	clear,	

however,	that	the	effect	of	resolution	is	small.	For	one	model	set-up	the	difference	between	simulations	with	

different	resolutions	is	small,	while	there	are	clear	differences	between	simulations	with	different	model	set-ups.	

Southern	Africa	

Temperature	is	projected	to	increase	in	all	parts	of	the	Southern	African	domain	in	the	future.	At	SWL2	the	annual	

temperature	will	be	1-3	°C	warmer	than	the	period	1981-2010	according	to	scenario	RCP8.5.	The	models	generally	

agree	on	the	pattern	of	temperature	change,	which	includes	stronger	warming	in	the	southwest	and	northwest.	The	

temperature	response	is	larger	in	the	GFDL-driven	simulations	and	slightly	less	in	the	other	two	set-ups.	The	

differences	between	the	model	set-ups	are	larger	than	the	differences	between	resolutions	within	the	model	set-



	
	

ups.	The	PDFs	are	shifted	about	2	°C	to	the	right	(warmer)	for	every	SWL	(Fig.	19,	middle).	The	shapes	of	the	PDFs	are	

more	or	less	retained.	

South-East	Asia	

The	temperature	over	South-East	Asia	is	expected	to	increase	in	the	future.	At	SWL2	the	annual	temperature	will	be	

0.5-2.5	°C	warmer	than	the	period	1981-2010.	The	simulations	generally	agree	on	the	pattern	of	temperature	

change,	which	includes	stronger	warming	over	land	than	over	ocean.	The	temperature	response	is	largest	in	the	

GFDL-driven	simulations	and	slightly	less	with	the	other	two	forcing	models.	Again	we	find	that	the	differences	

between	simulations	with	different	SST/SIC	forcing	is	larger	than	the	differences	between	resolutions.	

	

	

	

	

Figure	19:	PDF	of	the	annual	mean	temperature	(°C,	tas)	over	Europe	(top),	Southern	Africa	(middle)	and	South-East	

Asia	(bottom)	for	high	resolution	(T511,	blue	lines)	and	low	resolution	simulations	(T255,	red	lines)	for	SWL2	(left),	

SWL4	(middle)	and	SWL6	(right).	The	legend	denotes	the	forcing	CMIP5	model.	



	
	

5.2.2 Precipitation	

Europe	

The	precipitation	change	is	not	as	uniform	as	the	temperature	change.	Generally	annual	precipitation	is	expected	to	

increase	(+10-30%)	in	the	North	and	East	and	decrease	(-10%)	in	the	West	and	South.	This	pattern	is	even	more	

pronounced	in	the	higher	SWLs.	The	different	model	set-ups	give	somewhat	different	estimates	of	this.	For	example:	

the	GFDL–forced	simulations	give	increasing	precipitation	over	the	Iberian	peninsula	while	the	other	model	set-ups	

give	decreasing	precipitation,	and	the	EC-EARTH-driven	simulations	give	increasing	precipitation	east	of	Iceland	while	

the	GFDL-driven	simulations	give	increasing	precipitation.	There	are	similarities	between	resolutions	within	the	

model	set-ups,	but	the	higher	resolution	simulations	tend	to	give	larger	changes	in	both	directions.	This	dual	change	

pattern	means	that	the	shapes	of	the	PDFs	will	change	with	higher	SWLs.	The	probability	for	the	highest	precipitation	

will	not	change	much,	but	the	most	probable	precipitation	amounts	will	be	shifted	to	the	wetter	end	at	the	same	

time	as	the	probability	for	low	precipitation	increases.	Still,	the	effect	of	resolution	is	low.	

The	number	of	days	with	precipitation	over	10	mm	changes	in	the	same	way	as	the	mean	precipitation:	more	where	

precipitation	increases	and	less	where	precipitation	decreases.	With	higher	SWLs	this	pattern	is	even	stronger,	in	

areas	with	decreasing	(increasing)	number	of	days	the	number	of	days	decrease	(increase)	even	further.	This	means	

that	the	PDF	gets	wider	with	higher	SWLs	since	both	less	days	and	more	days	of	10	mm	precipitation	will	get	more	

common.	The	effect	of	the	resolution	is	small	at	SWL6.	The	same	pattern	of	change	as	for	precipitation	amount	and	

precipitation	days	above	10	mm	is	seen	for	the	95th	percentile	of	annual	precipitation	and	the	number	of	days	with	

precipitation	over	20	mm.	

The	maximum	five	day	precipitation	changes	in	a	more	random	way,	but	the	tendency	is	that	the	maximum	five	day	

precipitation	is	likely	to	increase	with	higher	SWLs	across	the	domain	(Fig	20).	With	higher	SWLs	the	regions	of	

decreasing	five	day	precipitation	gets	smaller	and	fewer.	This	means	that	the	maximum	five	day	precipitation	will	

increase	even	in	regions	where	precipitation	will	decrease.	The	difference	between	resolutions	is	investigated	more	

closely	for	the	PDFs	of	the	maximum	five	day	precipitation.	For	this	index	there	is	a	clear	difference	between	low	and	

high	resolution	simulations	already	in	the	control	period.	At	SWL2	all	curves	are	shifted	to	the	right	indicating	that	

extreme	precipitation	will	increase	in	Europe	in	a	warmer	world.	All	curves	are	shifted	by	a	similar	amount	which	

means	that	the	climate	signal	is	the	same	independent	of	resolution.	Note	that	the	difference	between	low	and	high	

resolution	simulations	remains	also	in	the	future;	even	if	the	climate	change	signal	is	the	same	the	high	resolution	

simulations	will	still	give	higher	probability	of	extreme	precipitation.	

Southern	Africa	

At	SWL2	there	are	considerable	differences	in	the	pattern	of	precipitation	change	between	the	model	set-ups.	The	

EC-EARTH-driven	simulations	give	decreasing	precipitation	of	around	10%	in	most	of	the	domain	while	the	GFDL-

driven	simulations	give	increasing	precipitation	with	up	to	40%	in	the	north	eastern	part,	while	the	IPSL-driven	

simulations	are	somewhere	in	between.	There	are	also	significant	differences	between	resolutions.	In	the	IPSL-driven	

simulations	the	low	resolutions	simulation	gives	decreasing	precipitation	in	the	south	while	the	high	resolution	

simulation	gives	increasing	precipitation.	These	differences	are,	however,	probably	an	effect	of	the	weak	climate	

change	signal	at	SWL2,	the	differences	between	model	set-ups	and	resolutions	are	reduced	at	higher	SWLs.	At	SWL4	

the	EC-Earth-driven	simulations	are	much	more	similar	to	the	IPSL-driven	simulations	at	both	resolutions.	The	

conclusion	of	this	is	that	the	long	term	change	in	precipitation	is	projected	to	be	decreased	precipitation	in	the	

southwest	and	northeast,	with	a	region	of	increasing	precipitation	between.	

The	number	of	precipitation	days	(precipitation	more	than	1	mm/day)	are	projected	to	decrease	in	the	future:	this	is	

not	so	easy	to	see	from	the	PDFs,	but	it	is	clear	from	the	maps.	The	number	of	precipitation	days	is	projected	to	



	
	

decrease	in	most	of	the	domain.	At	SWL4	the	number	of	precipitation	days	increases	more	or	less	everywhere	except	

for	the	region	around	Lake	Victoria.	The	number	of	precipitation	days	will	decrease	even	in	regions	with	increasing	

precipitation,	which	implies	that	the	precipitation	dynamics	will	change	so	that	more	precipitation	will	fall	at	fewer	

occasions.	The	differences	between	different	resolutions	are	small.	

The	number	of	days	with	precipitation	over	10	mm	changes	in	the	same	way	as	the	mean	precipitation:	more	where	

precipitation	increases	and	less	where	precipitation	decreases;	the	same	goes	for	the	95th	percentile	of	annual	

precipitation	and	the	number	of	days	with	precipitation	over	20	mm.	For	the	95th	percentile	of	annual	precipitation	

and	days	with	precipitation	over	20	mm	there	are	clear	differences	between	the	high	and	low	resolution	simulations	

in	the	control	period.	These	differences	remain	in	the	future	climate,	but	decreases	with	higher	SWLs.	One	reason	for	

this	could	be	that	the	area	of	increasing	precipitation	is	getting	larger	which	means	that	a	high	model	resolution	is	

less	important	for	detecting	it.		

The	maximum	five	day	precipitation	changes	in	a	more	random	way,	at	SWL2	there	is	as	much	increase	as	decrease	

(Fig.	20).	It	is	clear,	however,	that	the	maximum	five	day	precipitation	will	increase	with	higher	SWLs.	At	SWL6	the	

IPSL-driven	simulations	show	increasing	five	day	precipitation	across	the	domain.	This	means	that	the	maximum	five	

day	precipitation	will	increase	even	in	regions	where	precipitation	will	decrease.	This	fits	with	the	change	we	see	in	

the	number	of	precipitation	days.	It	is	interesting	to	note	that	the	largest	increase	in	maximum	five	day	precipitation	

is	in	the	northeast,	a	region	not	associated	with	precipitation	increase.	The	PDFs	are	shifted	to	the	right	(wetter)	at	

higher	SWLs	reflecting	the	increase	in	maximum	five	day	precipitation,	but	they	are	also	getting	wider	showing	that	

there	still	are	regions	with	low	maximum	five	day	precipitation.	There	are	clear	differences	between	the	high	and	low	

resolution	simulations.	The	high	resolution	simulations	give	a	higher	probability	for	larger	maximum	five	day	

precipitation.	At	SWL6	the	high	resolution	simulation	resembles	what	is	given	by	ERA-Interim	in	the	control	period.	

South-East	Asia	

The	changes	in	precipitation	are	difficult	to	assess	because	the	signal	is	weak	at	SWL2	and	at	SWL4	there	are	only	

two	simulations	available	(and	only	one	at	SWL6).	With	that	caveat	we	find	that	the	general	increase	in	precipitation	

at	SWL2	is	replaced	by	a	pattern	of	decreasing	precipitation	in	the	south	and	the	north	and	increasing	precipitation	in	

the	centre	of	the	domain.	This	implies	a	southward	shift	of	the	region	of	large	precipitation	in	the	central-eastern	

part	of	the	domain.	Nevertheless	the	overall	distribution	of	precipitation	remains	the	same,	but	with	a	shift	towards	

higher	precipitation	amounts.	

The	number	of	days	with	precipitation	over	10	mm	changes	in	the	same	way	as	the	mean	precipitation:	more	where	

precipitation	increases	and	less	where	precipitation	decreases;	this	mostly	effects	the	regions	with	a	large	number	of	

days	above	10	mm	precipitation.	The	probability	of	more	than	60	days	of	more	than	10	mm	precipitation	will	be	

reduced	in	a	warmer	climate.	

The	maximum	five	day	precipitation	changes	in	a	more	random	way,	at	SWL2	there	is	about	as	much	increase	as	

decrease	(Fig	20).	It	is	clear,	however,	that	the	maximum	five	day	precipitation	will	increase	with	higher	SWLs.	At	

SWL6	the	IPSL-driven	simulations	show	increasing	five	day	precipitation	across	most	of	the	domain.	This	means	that	

the	maximum	five	day	precipitation	will	increase	even	in	regions	where	precipitation	will	decrease.	The	largest	

maximum	five	day	precipitation	will	increase	from	around	1000	mm	at	SWL2	to	around	1800mm	at	SWL6.	The	PDFs	

are	also	getting	wider	showing	that	there	still	are	regions	with	low	maximum	five	day	precipitation.	There	are	clear	

differences	between	the	high	and	low	resolution	simulations.	The	high	resolution	simulations	give	a	higher	

probability	for	larger	maximum	five	day	precipitation.		

	



	
	

	

	

	

Figure	20:	PDF	of	the	maximum	five	day	precipitation	(mm,	rx5day)	over	Europe	(top),	southern	Africa	(middle)	and	

South-East	Asia	(bottom)	for	high	resolution	(T511,	blue	lines)	and	low	resolution	simulations	(T255,	red	lines)	for	

SWL2	(left),	SWL4	(middle)	and	SWL6	(right).	

6 Conclusions	

In	this	report	we	compare	a	subset	of	CMIP5	models	against	new	high-resolution	downscalings	that	were	forced	with	

SST	and	SIC	from	these	CMIP5	models.	Compared	to	CMIP5	models,	the	higher	resolution	of	the	AGCMs	used	in	

HELIX	does	result	in	a	better	representation	of	the	orography	and	consequently	colder	temperatures	and	larger	

precipitation	amounts	over	mountainous	areas	which	allows	for	a	better	representation	of	extremes.	These	features	

of	higher	resolution	are	not	limited	to	the	present-day	climate	but	are	also	present	in	climate	projections	of	the	

future.	



	
	

For	the	mean	temperature	the	overall	spatial	distribution	agrees	well	between	CMIP5	models	and	the	new	HELIX	

downscalings.	The	magnitude	and	spatial	pattern	of	the	mean	temperature	change	at	various	SWLs	is	similar	in	the	

set	of	CMIP5	and	the	new	HELIX	simulations.	Similar	conclusions	can	also	be	drawn	for	temperature	extremes,	

although	the	variability	arising	from	different	forcings	appears	to	be	larger	for	temperature	extremes	than	for	the	

mean	temperature,	especially	when	looking	at	the	different	SWLs.	

The	limited	set	of	temperature	extremes	indices	presented	here	also	indicate	similar	consistency	between	the	CMIP	

and	HELIX	simulations	with	the	primary	benefit	being	the	better	spatial	representation,	particularly	in	regions	of	

varying	topography	and	coastlines.		In	future	work	it	is	intended	to	expand	the	range	of	temperature	extremes	

indices	considered	to	look	at	measures	of	minimum	temperature	and	variability,	and	also	indices	representing	

aspects	of	heat	waves	and	growing	season.	

The	magnitude	and	pattern	of	the	mean	precipitation	are	similar	in	the	set	of	CMIP5	and	the	HELIX	downscalings.	

However,	measures	for	precipitation	extremes	reveal	differences	between	low	resolution	CMIP5	and	high	resolution	

HELIX	models,	particularly	for	threshold	based	indices	such	as	r20mm.	The	higher	resolution	increases	the	frequency	

of	occurrence	for	high	precipitation	events	which	results	e.g.	in	more	days	with	high	precipitation.	

While	the	changes	in	mean	precipitation	in	the	SWLs	compared	to	the	present-day	climate	are	rather	similar	in	the	

CMIP5	and	the	HELIX	models,	the	changes	in	the	precipitation	extremes	show	a	different	picture.	While	CMIP5	

models	may	show	an	increase	of	rainy	days	or	maximum	5-day	precipitation	amounts	in	the	HELIX	target	regions,	the	

HELIX	models	may	show	a	decrease	of	the	same	index,	or	vice	versa.	Given	the	fact	that	the	HELIX	downscalings	are	

done	with	SST	and	SIC	from	the	same	subset	of	CMIP5	variables,	we	can	thus	conclude	that	the	response	of	

precipitation	extremes	to	a	changing	climate	clearly	depends	on	the	resolution	of	the	atmospheric	model.	

The	differences	that	were	obtained	by	comparing	low	resolution	CMIP5	models	with	the	new	high	resolution	

downscalings	may	not	only	be	caused	by	the	higher	resolution	of	the	HELIX	models	but	there	could	also	be	other	

causes	related	to	model	developments.	For	example	the	EC-EARTH3	has	a	new	microphysics	scheme	that	also	may	

contribute	to	changes	in	precipitation	(HadGEM3	also	incorporates	new	physics	compared	with	HadGEM2).	Some	of	

the	new	high-res	simulations	for	EC-EARTH	were	thus	repeated	with	lower	spatial	resolution,	the	EC-EARTH3	model	

being	the	same	in	both	cases.	The	results	from	this	comparison	confirm	the	earlier	findings	of	the	comparison	against	

the	subset	of	CMIP5	models:	the	higher	resolution	has	limited	impact	on	the	representation	of	the	temperature	but	a	

larger	impact	on	precipitation,	in	particular	the	representation	of	high	precipitation	events.	Compared	with	

reanalyses	we	find	that	the	new	HELIX	simulations	with	higher	horizontal	resolution	are	in	better	agreement	than	the	

subset	of	CMIP5	models.	
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