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observations/measurements 

GCM 

parameterization 
 (deficiency: knowledge, measurement, resolution) 

2/18	Challenges	and	benefits	of	high	resolu3on	regional	climate	modelling	
May	28	–	June	8	2018,	Trieste	Challenges Benefits Introduction Summary 



Finer resolution may lead to: 

-  more detailed topography (shores, mountains) 

-  more detailed description of vegetation 

-  more accurate soil type classification 

-  more precise description of extremes 

-  different tendecies of changes (opposite of GCMs) 

(Source: Kaitlin Alexander) 

Lenght	of	code	

  RegCM: 840 688 
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„With great power comes 
great responsibility.” 

„With	high	resolu3on	comes	great	
compu3ng	needs.”	

	

IBM Blue Gene/P supercomputer 
(250 000 processors) 

Top supercomputers performance 

-  Number of  processors: 200  
-  Resolution: 480 x 480 x 23 (12 km)  
-  1 year ~ in 4 days 
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CORDEX  

14 regions 

Resolution: 50 km and 12 km 

 

PRUDENCE                    0,5 TB 
ENSEMBLES                            23   TB 
CORDEX (not up to date)         1.400   TB 
CMIP5 (2.3 PB)       2.300   TB 
 

On the one hand: huge amount of data to be stored… 
 
About 2kB printed information is stored on A4 sheet. Paper ~ 0.1mm thick, so: 20 MB/m.  
 

PRUDENDCE data printed: 25 km high paper tower 
ENSEMBLES:  1.100 km 
CORDEX:      70.000 km 
CMIP5 :       115.000 km 

On the other hand 
uploading/downloading data with100 Mb/s: 

       PRUDENCE: 12 hours 
     ENSEMBLES: 23 days… 
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(FanAni	et	al.,	2016)	

Galdhøpiggen (2469 m) Gerlachov peak (2655 m) 

Mont Blanc (4809 m) 
Mulhacén (3479 m) 
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ResoluAon:	0,44o	(~50	km)	ResoluAon:	0,11o	(~12	km)	ResoluAon:	1’	(~2	km)	

reference	dataset:	EURO4M-APGD		
	 			(IsoUa	et	al.,	2014)	

period:	1971-2008	
resolu3on:	5	km	
Number	of	sta3ons:	5500	

reference	dataset:	CARPATCLIM	
																																		(Szalai	et	al.,	2013)	
period:	1961-2010	
resolu3on:	~10	km	
Number	of	sta3ons:	904	

	
Finer	orography	
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RCMs:  
 CCLM 
 RACMO 
 ALADIN 
 RegCM4.3 
 RCA4  

Drivings GCMs :  
 MPI-ES-MR 
 EC-EARTH 
 CNRM-CM5 
 HadGEM-ES 
 

Torma	et	al.,	2015	(Journal	of	Geophysical	Research:	Atmospheres)	
hKps://goo.gl/9VmUeE	

1976-2005	

Spatial resolutions: 1.32o (~150 km), 0.44o (~50 km) és 0.11o (~12 km) 
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1976-2005 

Areal	averages	over	the	Alps	
	
Ensembles	means:	GCM(4),	RCM(5)	
	
Every	simula3ons,	on	each	grid	
	
Finer	resolu3on	RCMs	show	beKer	
agreement	regardless	the	season	
	
Simula3ons	are	separated	as	different	
resolu3ons	
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1976-2005 
0.11o 

0.44o 

1.32o 

Daily	3me	series	
	
All	simula3ons	on	every	grid	points		
are	depicted	
	
RCMs	show	beKer	agreement	with		
OBS	on	each	grid	(compared	to	GCMs)	
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Kolgomorov-Smirnov	distance	

1976-2005 

K-S	distance	is	inversely	propor3onal	
to	resolu3on	
	
	
K-S	distance	is	minimal:	RCM11	
(on	each	grid)	
	

	
More	accurate	extremes	
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RCMs:  
CCLM, REMO 
       RACMO 
            ALADIN 
         RegCM4.3, RCA  

Driving GCMs:  
MPI-ES-MR 
     EC-EARTH 
        CNRM-CM5 
           HadGEM-ES 
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Giorgi	et	al.,	2016	(Nature	Geoscience)	
hKps://goo.gl/4y8ZjA	

JJA	GCM	 RCM11	 	
Contrary	to	global	trends	
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RCMs:  
 
CCLM 
 REMO 
   RACMO 
      ALADIN 
        RegCM4.3 
          RCA4 
            WRF 
              HIRHAM5 
                PROMES  

Driving field:  
 
ERA-Interim 

1989-2008	

RCM44	 RCM11	
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CDD	

R95	

RCM44	 RCM11	 CARPATCLIM	

CDD	
RCM44	 RCM11	 CARPATCLIM	

R95	

RCM44	 RCM11	 CARPATCLIM	

Frost	days	(Tmin	<	0	oC)	

Summer	days	(Tmax	>	25	oC)	
RCM44	 RCM11	 CARPATCLIM	

1989-2008	
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CDD	 R95	

FD	 SU	

	
More	accurate	extremes	
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2021-2050	 2070-2099	

/:	significant	(p=0,1)	
.	:	most	modells	(n=>5)	
agree	on	the	sign	of	the	change	
	
RCMs	 show	 more	 precipita3on	 in	
DJF	and	 less	during	 JJA	by	 the	end	
of	the	21st	century	

RCM44	 RCM44	RCM11	 RCM11	
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(2070-2099)	–	(1975-2004)	
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-		Simula3on	of	the	climate	system	is	challenging	but	comes	with	benefits	
	
-	High	resolu3on	RCMs	can	capture	extremes	beKer	compare	to	GCMs	over	regions	
with	complex	topography	
	
-	Fine	resolu3on	datasets	based	on	reliable	measurements	are	essen3al	in	climate	
science		
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