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4HE฀LACK฀OF฀UNDERSTANDING฀OF฀CLOUD฀AND฀
PRECIPITATION฀PROCESSES฀IS฀ARGUABLY฀THE฀
FOREMOST฀PROBLEM฀OF฀CLIMATE฀SIMULA

TIONS�฀4HE฀"-"&฀INITIATIVE฀h(IGH฀$EFINI

TION฀#LOUDS฀AND฀0RECIPITATION฀FOR฀#LI

MATE฀0REDICTIONv฀OR฀h($�#0	£v฀FOR฀SHORT฀
WILL฀FOCUS฀'ERMAN฀COMMUNITY฀EFFORTS฀
ON฀THE฀UNDERSTANDING฀OF฀CLOUDS฀AND฀
PRECIPITATION฀PROCESSES�฀"Y฀ADDRESS

ING฀THIS฀TOPIC�฀A฀SIGNIFICANT฀REDUCTION฀
IN฀THE฀UNCERTAINTY฀OF฀CLIMATE฀CHANGE฀
PROJECTIONS�฀BOTH฀ON฀GLOBAL฀AND฀REGIONAL฀
SCALES�฀IS฀EXPECTED�฀4HE฀PROJECT฀CONSIST฀
OF฀THREE฀ELEMENTS�฀�I	฀MODEL฀DEVELOP

MENT฀AND฀SIMULATION�฀�II	฀OBSERVATION�฀
AND฀�III	฀SYNTHESIS฀TO฀ADVANCE฀CLOUD

PRECIPITATION฀PREDICTION�฀4HE฀FIRST฀PHASE฀
WILL฀BE฀THREE฀YEARS฀TO฀CREATE฀A฀HIGH฀
RESOLUTION฀PROTOTYPE฀MODEL฀FOR฀A฀SERIES฀
OF฀SUMMER฀HINDCASTS฀OVER฀'ERMANY�฀TO฀
COLLECT฀DATA฀TO฀ALLOW฀FOR฀MODEL฀EVALUA

TION�฀AND฀TO฀START฀THE฀SYNTHESIS฀OF฀THE฀
PRODUCED฀DATA�฀)N฀A฀POTENTIAL฀SECOND฀
PHASE�฀THE฀MODEL฀DOMAIN฀COULD฀BE฀EX

TENDED฀AND฀COMPLEMENTED฀BY฀OTHER฀
REGIONS฀IN฀THE฀WORLD฀THAT฀WILL฀ALLOW฀FOR฀A฀
DEEPER฀ANALYSIS฀OF฀CLOUD฀AND฀PRECIPITA

TION฀RELATED฀PROJECTS�฀

Background of the project 
#LOUDS฀AND฀PRECIPITATION฀ARE฀AN฀ES

SENTIAL฀ELEMENT฀OF฀THE฀CLIMATE฀SYSTEM�฀
BUT฀THEY฀ARE฀DIFFICULT฀TO฀ACCOUNT฀FOR฀IN฀
THEORIES฀AND฀MODELS฀;�=�฀#LOUDS฀SIGNIFI

CANTLY฀INFLUENCE฀THE฀ATMOSPHERIC฀RADIA

TIVE฀FORCING฀AND฀MODULATE฀MANY฀FEED

BACK฀PROCESSES฀OF฀THE฀%ARTH฀SYSTEM�฀
)NTERACTIONS฀WITH฀THE฀TERRESTRIAL฀BIO

SPHERE�฀SEA
ICE฀INTERACTIONS�฀AND฀BIO

GEOCHEMICAL฀INTERACTIONS฀ARE฀CRITICALLY฀
DEPENDENT฀ON฀THE฀CLOUD
PRECIPITATION฀

REPRESENTATION฀;�=�฀;�=�฀!TMOSPHERIC฀
CLOUDS฀AND฀PRECIPITATION฀ARE฀SMALL
฀AND฀
MESO
SCALE฀PHENOMENA�฀WHICH฀CANNOT฀
BE฀MODELED฀EXPLICITLY฀ON฀THE฀GLOBAL฀SCALE฀
WITH฀CURRENT฀COMPUTER฀ARCHITECTURES฀
AND฀HENCE฀ARE฀PARAMETRIZED฀IN฀GLOBAL฀
CLIMATE฀MODELS�฀'LOBAL฀CLIMATE฀SIMULA

TIONS฀TODAY฀SHOW฀SIGNIFICANT฀BIASES฀IN฀
PRECIPITATION฀PATTERNS฀WHICH฀ARE฀RE

LATED฀TO฀INSUFFICIENT฀PARAMETRIZATION฀OF฀
THESE฀PROCESSES�฀

Aim of the project
($�#0	£฀IS฀A฀COORDINATED฀INITIATIVE฀TO฀
IMPROVE฀฀OUR฀UNDERSTANDING฀OF฀CLOUD฀
AND฀PRECIPITATION฀EVENTS�฀TO฀INCREASE฀
THE฀QUALITY฀AND฀NUMBER฀OF฀AVAILABLE฀
OBSERVATIONS�฀AND฀TO฀EVALUATE฀AND฀IM

PROVE฀OUR฀MODELING฀ABILITIES�฀/NE฀GROUP฀
OF฀PROJECT฀PARTNERS฀WILL฀DEVELOP฀A฀HIGHLY฀
SCALABLE฀REGIONAL฀WEATHER฀MODEL฀WHICH฀
WILL฀BE฀USED฀TO฀PROVIDE฀A฀SERIES฀OF฀ULTRA

HIGH฀RESOLUTION฀SUMMER
SEASON฀HIND

CASTS฀OVER฀'ERMANY�฀฀4HIS฀MODEL฀WILL฀
START฀ON฀TOP฀OF฀THE฀ONGOING฀EFFORTS฀OF฀
-0)
-฀AND฀$7$฀TO฀DEVELOP฀THE฀NEXT฀
GENERATION฀CLIMATE฀MODEL฀)#/.�฀4HE฀
($�#0	£฀TARGET฀REGION฀FOR฀THIS฀REGIONAL฀
MODEL฀IS฀ILLUSTRATED฀IN฀&IGURE฀��฀4HIS฀
FIGURE฀ALSO฀SHOWS฀THE฀DENSITY฀AND฀DI

VERSITY฀OF฀THE฀OBSERVATIONAL฀NETWORK�฀!฀
SECOND฀MAJOR฀AIM฀OF฀THE฀PROJECT฀IS฀TO฀
IMPROVE�฀HOMOGENISE�฀AND฀UNDERSTAND฀
THE฀MULTITUDE฀OF฀AVAILABLE฀OBSERVATIONS฀
OF฀CLOUD฀AND฀PRECIPITATION฀PROCESSES฀
IN฀THE฀TARGET฀REGION�฀4HE฀NETWORK฀PRO

VIDES฀GROUND฀BASED฀MEASUREMENTS฀
THAT฀CAN฀BE฀COMBINED฀WITH฀SATELLITE฀
REMOTE฀SENSING฀MEASUREMENTS฀TO฀
EVALUATE฀THE฀SIMULATIONS฀AND฀TO฀OBTAIN฀
STATISTICS฀OF฀CLOUD
PRECIPITATION฀PRO


CESSES�฀#OMBINING฀SIMULATION฀RESULTS฀
AND฀OBSERVATIONAL฀DATA฀FROM฀NETWORKS฀
AND฀SUPERSITES฀ALL฀OVER฀'ERMANY฀WILL฀
HELP฀TO฀IMPROVE฀CLOUD฀AND฀PRECIPITA

TION฀PARAMETRIZATION�฀ALLOWING฀FOR฀IM

PROVED฀CLIMATE฀PREDICTION�฀4HE฀($�#0	£฀
SIMULATIONS฀WILL฀ALSO฀HELP฀TO฀UNDERSTAND฀
CURRENT฀LIMITS฀ON฀CLOUD
PRECIPITATION฀
MODELING฀AND฀PARAMETRIZATION฀SKILLS�฀
4HE฀SCALE฀OF฀THE฀SIMULATIONS฀ALLOWS฀THE฀
EXPLICIT฀REPRESENTATION฀AND฀ANALYSIS฀OF฀
ENTIRELY฀NEW฀PHENOMENA�฀&OR฀EXAMPLE�฀
IN฀SUMMER฀MONTHS฀THE฀SHALLOW฀CUMULUS฀
CLOUD฀REGIME�฀WHICH฀HAS฀BEEN฀SHOWN฀TO฀
BE฀PARTICULARLY฀RELEVANT฀FOR฀CLIMATE฀SEN

SITIVITY�฀CAN฀BE฀INVESTIGATED�฀3URFACE

FORCED฀PRECIPITATION฀REGIMES�฀WHOSE฀
POOR฀REPRESENTATION฀UNDERLIES฀MUCH฀OF฀
THE฀UNCERTAINTY฀IN฀CURRENT฀REPRESENTA

TIONS฀OF฀THE฀HYDROLOGICAL฀CYCLE�฀CAN฀ALSO฀
BE฀STUDIED�

Challenges
4HE฀SCALES฀OF฀CLOUDS฀RANGE฀FROM฀SEV

ERAL฀MICROMETERS�฀WHICH฀IS฀THE฀SIZE฀OF฀
A฀SINGLE฀CLOUD฀PARTICLE�฀TO฀HUNDREDS฀OF฀
KILOMETERS�฀WHICH฀IS฀THE฀DIMENSION฀OF฀A฀
FRONTAL฀SYSTEM�฀)T฀IS฀IMPOSSIBLE฀TO฀NU

MERICALLY฀REPRESENT฀CLOUD
PRECIPITATION฀
PROCESSES฀ON฀SCALES฀THAT฀SPAN฀SO฀MANY฀
ORDERS฀OF฀MAGNITUDE�฀3OME฀AUTHORS฀
HAVE฀COME฀TO฀SPEAK฀OF฀THE฀GRID฀SPACING฀
RANGE฀BETWEEN฀�฀AND฀�฀KM฀AS฀THE฀GREY฀
ZONE�฀OR฀4ERRA฀)NCOGNITA฀�&IGURE฀�	�฀)N฀
THIS฀ZONE฀MANY฀OF฀THE฀KEY฀INTERACTIONS฀
ARE฀ONLY฀PARTIALLY฀RESOLVED�฀!IMING฀ON฀A฀
HORIZONTAL฀GRID฀SPACING฀OF฀APPROXIMATELY฀
���฀METERS�฀THE฀NEW฀($�#0	£฀MODEL฀
WILL฀HELP฀TO฀EXPLORE฀THE฀GREY฀SCALES฀OF฀
CLOUD฀AND฀PRECIPITATION฀MODELING�฀"Y฀
DEVELOPING฀THE฀CAPACITY฀TO฀EVALUATE฀
SIMULATIONS฀OF฀CLOUDS฀AND฀PRECIPITATION฀
ON฀SUCH฀SCALES�฀NEW฀FRONTIERS฀WILL฀BE฀
OPENED�฀"ETTER฀UNDERSTANDING฀OF฀CLOUDS฀
AND฀PRECIPITATION฀WILL฀PROVIDE฀A฀BASIS฀
FOR฀IMPROVED฀CLIMATE฀PREDICTIONS�฀4HE฀

($�#0	£฀PROJECT฀WILL฀BRING฀THEORETICAL฀
AND฀OBSERVATIONAL฀WORK฀TOGETHER�฀TO฀A฀
NEW฀LEVEL฀OF฀UNDERSTANDING฀OF฀THE฀ROLE฀
OF฀PRECIPITATION฀AND฀CLOUDS฀IN฀THE฀CLI

MATE฀PROCESS�฀($�#0	£฀WILL฀BRING฀'ER

MAN฀RESEARCH฀EFFORTS฀TO฀THE฀FOREFRONT฀
OF฀HIGH฀RESOLUTION฀CLIMATE฀MODELING฀AND฀
CLIMATE฀DATA฀OBSERVATION�

Project Partners
s฀ #OMPUTER฀3CIENCE�฀5NIVERSITY฀OF฀ 
฀ #OLOGNE฀�#3	 
s฀ $EUTSCHER฀7ETTERDIENST฀�$7$	 
s฀ %NGINEERING฀-ATHEMATICS฀AND฀ 
฀ #OMPUTING฀,AB�฀+ARLSRUHE฀)NSTITUTE฀ 
฀ OF฀4ECHNOLOGY฀�+)4	฀ 
s฀ 'ERMAN฀#LIMATE฀#OMPUTING฀#ENTRE 

฀ �$+2:	 
s฀ )NSTITUTE฀OF฀!TMOSPHERIC฀0HYSICS�฀ 
฀ $,2฀�$,2
)0!	 
s฀ )NSTITUTE฀FOR฀%NERGY฀AND฀#LIMATE�฀ 
฀ 2ESEARCH฀#ENTRE฀*àLICH฀�&:*
)%+	฀ 
s฀ )NSTITUTE฀FOR฀'EOPHYSICS฀AND฀ 
฀ -ETEOROLOGY�฀5NIVERSITY฀OF฀#OLOGNE฀฀
฀ �)'-	฀ 

&IGURE฀��฀-AP฀SHOWING฀A฀POSSIBLE฀($�#0	£฀SIMULATION฀DOMAIN�฀AND฀THE฀
DENSITY฀OF฀OBSERVATIONAL฀NETWORKS�฀4HE฀MODEL฀DOMAINS฀ARE฀OUTLINED฀IN฀
BLUE�฀THE฀ORANGE฀ELEMENTS฀SHOW฀DIFFERENT฀MEASUREMENT฀INSTRUMENTS฀
OF฀THE฀OBSERVATIONAL฀NETWORK�

HD(CP)²: High Definition 

Clouds and Precipitation 

for Climate Prediction
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s฀ )NSTITUTE฀FOR฀-ETEOROLOGY�฀5NIVERSITY฀ 
฀ OF฀,EIPZIG฀�,)-	 
s฀ )NSTITUTE฀FOR฀-ETEOROLOGY฀AND฀ 
฀ #LIMATE฀2ESEARCH�฀+ARLSRUHE฀ 
฀ )NSTITUTE฀OF฀4ECHNOLOGY฀�+)4	฀ 
s฀ )NSTITUTE฀FOR฀-ETEOROLOGY฀AND฀#LIMATOLOGY�฀ 
฀ 5NIVERSITY฀OF฀(ANNOVER฀�)-U+	 
s฀ )NSTITUTE฀FOR฀-ATHEMATICS�฀5NIVERSITY 
฀ OF฀-AINZ฀�*'5฀-AINZ	 
s฀ )NSTITUTE฀OF฀0HYSICS฀AND฀-ETEOROLOGY�฀฀
฀ 5NIVERSITY฀OF฀(OHENHEIM฀�)0-	 
s฀ )NSTITUTE฀FOR฀3PACE฀3CIENCES�฀&REE฀฀
฀ 5NIVERSITY฀OF฀"ERLIN฀�&5"	฀ 
s฀ *àLICH฀3UPERCOMPUTING฀#ENTRE�฀ 
฀ 2ESEARCH฀#ENTRE฀*àLICH฀�&:*
*3#	 
s฀ ,EIBNIZ฀)NSTITUTE฀FOR฀4ROPOSPHERIC฀ 
฀ 2ESEARCH�฀,EIPZIG฀�)F4	 
s฀ ,UDWIG
-AXIMILIANS฀5NIVERSITY฀ 
฀ -UNICH฀�,-5	 
s฀ -AX฀0LANCK฀)NSTITUTE฀FOR฀ 
฀ -ETEOROLOGY฀�-0)
-ET	 
s฀ -ETEOROLOGICAL฀)NSTITUTE�฀5NIVERSITY฀฀
฀ OF฀"ONN฀�-)5"	 

s฀ -ETEOROLOGICAL฀)NSTITUTE�฀5NIVERSITY฀฀
฀ OF฀(AMBURG฀�5((	 
s฀ 2ICHARD฀!�MANN฀/BSERVATORY฀�$7$	 
s฀ :USE฀)NSTITUTE฀"ERLIN฀�:)"	
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4HE฀3CALA,IFE฀PROJECT฀�3CALABLE฀3OFT

WARE฀3ERVICES฀FOR฀,IFE฀3CIENCE	฀STARTED฀
IN฀3EPTEMBER฀����฀AND฀DEVELOPS฀NEW฀
HIERARCHICAL฀PARALLELIZATION฀APPROACHES฀
EXPLICITLY฀BASED฀ON฀ENSEMBLE฀AND฀
HIGH
THROUGHPUT฀COMPUTING฀FOR฀NEW฀
MULTI
CORE฀AND฀STREAMING�'05฀ARCHI

TECTURES�฀ESTABLISHES฀OPEN฀SOFTWARE฀
STANDARDS฀FOR฀DATA฀STORAGE฀AND฀EX

CHANGE�฀4HE฀PROJECT฀IMPLEMENTS�฀DOCU

MENTS�฀AND฀MAINTAINS฀SUCH฀TECHNIQUES฀
IN฀PILOT฀%UROPEAN฀OPEN
SOURCE฀CODES฀
SUCH฀AS฀THE฀WIDELY฀USED฀'2/-!#3฀�฀
$!,4/.�฀AS฀WELL฀AS฀A฀NEW฀APPLICATION฀
FOR฀ENSEMBLE฀SIMULATION฀�$)3#2%4%	�

3CALA,IFE฀CREATED฀A฀#OMPETENCE฀#EN

TRE฀FOR฀SCALABLE฀LIFE฀SCIENCE฀SOFTWARE฀TO฀
STRENGTHEN฀%UROPE฀AS฀A฀MAJOR฀SOFTWARE฀
PROVIDER฀AND฀TO฀ENABLE฀THE฀COMMUNITY฀
TO฀EXPLOIT฀E
)NFRASTRUCTURES฀TO฀THEIR฀
FULL฀EXTENT�฀4HIS฀#OMPETENCE฀.ETWORK฀
PROVIDES฀TRAINING฀AND฀SUPPORT฀INFRA

STRUCTURE�฀AND฀ESTABLISHES฀A฀LONG
TERM฀
FRAMEWORK฀FOR฀MAINTENANCE฀AND฀OPTIMI

ZATION฀OF฀LIFE฀SCIENCE฀CODES�

ScalaLife for software 
developers
4HE฀PROJECT฀OFFERS฀SOFTWARE฀DEVELOPERS฀
EFFICIENT฀AND฀SCALABLE฀METHODOLOGIES฀
FOR฀COMPUTE฀INTENSIVE฀CODES�฀%XPERTS฀
WITHIN฀THE฀3CALA,IFE฀PROJECT฀CAN฀PER

FORM฀CODE฀ANALYSIS฀AND฀PROFILING฀FOR฀

CODES฀THAT฀HAVE฀BEEN฀APPROVED฀BY฀THE฀
#OMPETENCE฀#ENTRE�฀&URTHERMORE�฀
THE฀UTILIZATION฀OF฀ACCELERATORS฀AND฀AL

TERNATIVE฀PLATFORMS฀�'0'05S�฀&0'!S	฀
IS฀BEING฀INVESTIGATED฀AND฀3CALA,IFE฀CAN฀
HELP฀WITH฀PORTING�

!MONG฀THE฀EXPERTS฀IN฀THE฀CENTRE฀ARE฀&IGURE฀��฀$IAGRAM฀SHOWING฀FUNDAMENTAL฀SCALES฀AND฀PROCESSES฀IN฀THE฀ATMOSPHERE฀AND฀THE฀
GRID฀SPACING฀EMPLOYMENT฀IN฀STATE฀OF฀THE฀ART฀MODELING฀VERSUS฀GRID฀SPACING฀PROPOSED฀FOR฀
THIS฀PROJECT�
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1฀ *àLICH฀ 
฀ 3UPERCOMPUTING฀฀
฀ #ENTRE฀
 

2฀ 'ERMAN฀#LIMATE฀฀
฀ #OMPUTING฀#ENTRE฀

3฀ -0)฀FOR฀ 
฀ -ETEOROLOGY�฀ 
฀ (AMBURG

&IGURE฀��฀$)3#2%4%฀TEST฀CASE�฀3TUDY฀OF฀ALLOSTERIC฀EFFECTS฀IN฀THE฀DYNAM

ICS฀OF฀PROTEINS฀FORMING฀COMPLEXES�
4HE฀AIM฀IS฀TO฀STUDY฀THE฀DYNAMICS฀OF฀SEVERAL฀PROTEINS฀OF฀BIOLOGICAL฀
INTEREST฀THAT฀FORM฀COMPLEXES฀WITH฀SMALL฀PROTEINS�฀SPECIlCALLY฀HOW฀THE฀
DYNAMICS฀OF฀A฀CERTAIN฀PROTEIN฀ARE฀CHANGED฀WHEN฀IT฀FORMS฀A฀COMPLEX฀WITH฀
ANOTHER฀PROTEIN�฀4HIS฀CHANGE฀IN฀THE฀DYNAMICS฀CAN฀RESULT฀IN฀AN฀ALLOSTERIC฀
EFFECT�฀I�E�฀IT฀CAN฀LEAD฀TO฀A฀CHANGE฀IN฀THE฀ACTIVITY฀OF฀THE฀฀PROTEIN�฀)N฀SOME฀
CASES฀THIS฀MECHANISM฀CAN฀WORK฀LIKE฀A฀SWITCH฀BETWEEN฀THE฀INACTIVE�
ACTIVE฀STATE฀OF฀A฀PROTEIN�฀5SING฀$)3#2%4%฀ALLOWS฀TO฀RUN฀LONG฀MOLECULAR฀
DYNAMICS฀TRAJECTORIES�฀TAKING฀ADVANTAGE฀OF฀ITS฀SPEED฀COMPARED฀WITH฀
STANDARD฀-$฀CODES�฀#ONTACT�฀2AMON฀'ONI฀�"3#	�฀

How the ScalaLife project  

integrates software developers,  

computing centres and life  

science researchers


