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« CORDEX » 

« CMIP5 » 

A grand challenge :  
Towards ≈ 1 km scale for atmosphere 

resolving deep convective clouds 
in global climate models 

NASA 

http://enes.org/ 

« CMIP6 » 

NASA	
  



High	
  Resolu2on	
  	
  

•  With	
  ;me,	
  simula;on	
  “resolu2ons”	
  are	
  increasing	
  
•  …	
  but	
  we	
  are	
  also	
  producing	
  more	
  “ensembles”,	
  

and	
  complexity	
  is	
  increasing	
  too	
  …	
  

•  …	
  more	
  numbers	
  are	
  being	
  calculated,	
  and	
  more	
  
numbers	
  are	
  being	
  stored,	
  for	
  later	
  analysis	
  and	
  use!	
  

6	
  km	
  
N2048	
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(All	
  these	
  pictures	
  are	
  from	
  
	
  global	
  climate	
  models!)	
  



ENES Infrastructure Strategy Roadmap 
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n!

Computing!
Resources!

Complexity!

EO, !
Data Assim.!

Needs for HPC 

From Jim Kinter,  
the World Modelling Summit, 2008 

	
  
ensemble:	
  	
  x	
  10	
  

	
  

x	
  	
  5-­‐10	
  

x	
  3	
  	
  	
  	
  	
  ≈	
  x	
  27	
  
x	
  100	
  ≈	
  x	
  106	
  

	
  
dura;on:	
  	
  x	
  10-­‐100	
  

	
  

And	
  more	
  data	
  outputs	
  



Increase	
  of	
  model	
  data	
  

Overpeck	
  et	
  al.	
  	
  (Science	
  2011)	
   Tsengdar	
  Lee,	
  Icas17	
  

2010	
   2016	
  

50	
  PB	
  

50	
  PB	
  



Scale	
  and	
  Growth:	
  
	
  Con2nual	
  Evolu2on	
  

TB	
  stored	
  

Peak	
  Tflops	
  



Workflow	
  

Final	
  Report,	
  2017	
  



Mul2ple	
  Types	
  of	
  Storage	
  	
  
&	
  Data	
  Interac2on	
  



Model // process 

XIOS 
Client interface 

XIOS Server 

NETCDF4/
HDF5 interface 

output_file.nc 

Asyncronous 
transfer 

(1)	
  Management	
  of	
  output	
  



Example	
  :	
  JASMIN	
  -­‐	
  Bringing	
  Compute	
  to	
  the	
  Data	
  
•  5	
  PB	
  of	
  CURATED	
  POSIX	
  archive	
  data	
  (and	
  

growing,	
  	
  with	
  10	
  PB	
  expected	
  in	
  next	
  2	
  years).	
  

•  6	
  PB	
  of	
  USER	
  POSIX	
  data	
  on	
  disk	
  (and	
  growing,	
  
with	
  rapid	
  growth	
  expected	
  as	
  UK	
  
environmental	
  science	
  will	
  no	
  longer	
  buy	
  HPC	
  
with	
  large	
  local	
  analysis	
  disk,	
  data	
  from	
  
ARCHER,	
  NEXCS,	
  MONSOON,	
  PRACE	
  all	
  
expected	
  to	
  flow	
  to	
  JASMIN)!	
  

•  Lots	
  of	
  EPHEMERAL	
  POSIX	
  data	
  (	
  many	
  PB	
  
more,	
  comes	
  and	
  goes,	
  need	
  space	
  for	
  
analysis!)	
  

The	
  importance	
  
of	
  data	
  gravity;	
  
when	
  you	
  have	
  
data,	
  more	
  data	
  
comes	
  to	
  you!	
  

Moving	
  PB	
  
per	
  day	
  in	
  and	
  
out	
  of	
  LOTUS	
  
(the	
  batch	
  
cluster):	
  	
  

hip://jasmin.ac.uk	
  

(2)	
  Dedicated	
  Analysis	
  Facili2es	
  



(3)	
  Distributed	
  Archives	
  	
  
Model	
  data	
  distribu2on	
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Since 1995, the Coupled Model Intercom-
parison Project (CMIP) has coordinated cli-
mate model experiments involving multiple 
international modeling teams. Through CMIP, 
climate modelers and scientists from around 
the world have analyzed and compared 
state-of-the-art climate model simulations to 
gain insights into the processes, mechanisms, 
and consequences of climate variability and 
climate change. This has led to a better 
understanding of past, present, and future 
climate, and CMIP model experiments have 
routinely been the basis for future climate 
change assessments made by the Intergov-
ernmental Panel on Climate Change (IPCC) 
[e.g., IPCC, 2013, and references therein].

CMIP has developed in phases, with the 
simulations of the fifth phase, CMIP5, now 
mostly completed. Though analyses of the 
CMIP5 data will continue for at least several 
more years, science gaps and outstanding 
science questions have prompted preparations 
for the sixth phase of the project (CMIP6). 
This brief overview of the initial proposed 
design of CMIP6 is meant to inform interested 
research communities and to encourage dis-
cussion and feedback for consideration in 
the evolving experiment design (see Figure 1). 
A more complete description and further 
information are available at http://www .wcrp 
- climate .org/  index .php/  wgcm -cmip/ wgcm 
-cmip6 and in the additional supporting infor-
mation in the online version of this article.

Scientific Focus and Structure

The proposed scientific backdrop for 
CMIP6 consists of the six grand challenges 
of the World Climate Research Programme 
(WCRP)—encapsulating questions related to 
clouds, circulation, and climate sensitivity; 
changes in cryosphere; climate extremes; re-
gional climate information; regional sea level 
rise; and water availability—with an addi-
tional theme involving biospheric forcings 

and feedbacks. The specific experiment de-
sign would focus on three broad questions: 
How does the Earth system respond to 
forcing? What are the origins and conse-
quences of systematic model biases? How 
can we assess future climate changes given 

climate variability, climate predictability, and 
uncertainties in scenarios?

Within this scientific framework, a more dis-
tributed organization for CMIP6 than in pre-
vious phases of CMIP is proposed. This would 
fall under the oversight of the CMIP Panel (see 
Figure 1), wherein an ongoing activity, CMIP, 
is distinguished from a particular phase of 
CMIP, now CMIP6. This structure involves two 
basic components.

First, CMIP (inner part of Figure 1) would be 
composed of two elements: in one, research-
ers would run a small set of standardized 

BY G.  A. MEEHL, R. MOSS, K. E. TAYLOR, V. EYRING, 
R. J. STOUFFER, S. BONY, AND B. STEVENS

Fig. 1. Schematic of the proposed experiment design for phase 6 of the Coupled Model Inter-
comparison Project (CMIP6). The inner ring and surrounding black text involve standardized 
functions of all CMIP, including ongoing Diagnosis, Evaluation, and Characterization of Klima 
(DECK) experiments (klima is German for “climate”). The middle ring shows science topics 
related specifically to CMIP6 to be addressed by the MIPs, with illustrative (and likely not com-
plete) MIP topics shown in the outer ring. This framework is superimposed on the scientific 
backdrop for CMIP6—the six grand challenges of the World Climate Research Programme 
(WCRP), which encapsulate questions related to clouds, circulation, and climate sensitivity; 
changes in cryosphere; climate extremes; regional climate information; regional sea level rise; 
and water availability. An additional science topic involves biospheric forcings and feedbacks.

CMIP5	
  –	
  o(2)	
  PB	
  from	
  modelling	
  centres	
  
CMIP6	
  –	
  expected	
  to	
  be	
  o(30+)	
  PB	
  
	
  
Managing	
  and	
  distribu2ng	
  the	
  data	
  via	
  the	
  
Earth	
  System	
  Grid	
  Federa2on	
  (ESGF).	
  
Includes	
  tools	
  for	
  publica;on,	
  cataloguing,	
  
documenta;on,	
  and	
  both	
  download	
  and	
  
replica;on.	
  

Meehl et al. (2014) 



Storage	
  issues	
  &	
  Ac2ons	
  arising	
  

	
  
Issues:	
  
•  Cost:	
  Disk	
  prices	
  not	
  falling	
  as	
  
fast	
  as	
  they	
  used	
  to.	
  

•  Behaviour:	
  Larger	
  groups	
  
sharing	
  data	
  for	
  longer,	
  which	
  
means	
  data	
  is	
  “hot”	
  for	
  longer.	
  

•  Performance:	
  Tradi;onal	
  
(POSIX)	
  disk	
  not	
  performant	
  at	
  
scale.	
  

•  So?ware:	
  Liile	
  sokware	
  for	
  
our	
  domain	
  which	
  can	
  exploit	
  
“OBJECT	
  store”	
  disk	
  (hard	
  to	
  use	
  
the	
  public	
  cloud.)	
  

•  Tape:	
  Tape	
  remains	
  important,	
  
par;cularly	
  for	
  large	
  amounts	
  
of	
  “cold”	
  data.	
  

	
  	
  

	
  
Community	
  Ac;on:	
  	
  ESIWACE	
  “Exploitability”	
  
work	
  package:	
  
1.  Beier	
  understanding	
  of	
  costs	
  and	
  

performance	
  of	
  exis;ng	
  and	
  near-­‐term	
  
storage	
  technologies.	
  

2.  New	
  “Earth	
  System	
  Middleware”	
  prototype	
  	
  
Ø  Provides	
  an	
  interface	
  between	
  the	
  commonly	
  

used	
  HDF	
  library	
  and	
  storage	
  which	
  addresses	
  
both	
  the	
  performance	
  of	
  POSIX	
  and	
  the	
  
usability	
  of	
  object	
  stores.	
  

3.	
  	
  	
  New	
  “SemanDc	
  Storage	
  Library”	
  prototype:	
  
Ø  Python	
  library	
  that	
  uses	
  a	
  “weather/climate”	
  

abstrac;on	
  (CF-­‐NetCDF	
  data	
  model)	
  to	
  allow	
  
one	
  “file”	
  to	
  be	
  stored	
  across	
  ;ers	
  of,	
  e.g.	
  
POSIX	
  disk,	
  OBJECT	
  store,	
  and	
  TAPE.	
  



Cloud	
  compu2ng	
  and	
  Big	
  Data	
  

Three	
  domains	
  of	
  interest	
  to	
  weather	
  and	
  climate	
  community:	
  
•  New	
  Fabric	
  and	
  infrastructure	
  (private/public	
  cloud)	
  

–  Exploi;ng	
  virtualisa;on	
  to	
  provide	
  flexible	
  and	
  elas;c	
  services.	
  Not	
  suitable	
  or	
  large	
  
scale	
  simula;on,	
  but	
  big	
  role	
  to	
  play	
  in	
  analysis	
  (e.g.	
  JASMIN).	
  

–  Large	
  scale	
  use	
  will	
  depend	
  on	
  addressing	
  usability	
  of	
  object	
  stores.	
  
•  New	
  compute	
  paradigms	
  emerging	
  (in	
  our	
  community)	
  

–  New	
  ways	
  of	
  arranging	
  data	
  and	
  scheduling	
  compute	
  across	
  hardware	
  (e.g.	
  HADOOP,	
  
SPARK)	
  –	
  not	
  used	
  

–  Some	
  small	
  scale	
  experiments	
  reported	
  in	
  the	
  literature.	
  DASK	
  experiments	
  
underway	
  at	
  the	
  UK	
  Met	
  Office	
  (h,p://www.informa6cslab.co.uk/)	
  

•  New	
  ways	
  of	
  exploi;ng	
  algorithms	
  emerging	
  (in	
  our	
  community).	
  	
  
–  e.g.	
  using	
  machine	
  learning	
  to	
  iden;fying	
  paierns	
  in	
  data,	
  something	
  we’ve	
  done	
  for	
  

decades,	
  but	
  with	
  new	
  and	
  (possibly)	
  beier	
  tools.	
  	
  
–  Experiments	
  comparing	
  tradi;onal	
  methods	
  to	
  new	
  methods	
  are	
  underway	
  (e.g.	
  at	
  

LLNL	
  in	
  the	
  US)	
  to	
  evaluate	
  poten;al.	
  
–  Possible	
  use	
  for	
  Quality	
  Control	
  of	
  data	
  (e.g.	
  unusual	
  field)	
  or	
  Parameterisa;ons	
  (e.g.	
  

op;mal	
  parameters)	
  



Conclusions	
  

§  Data	
  are	
  a	
  key	
  component	
  of	
  climate	
  and	
  weather	
  modelling	
  
§  Exabytes	
  will	
  be	
  reached	
  before	
  exaflops	
  !	
  
	
  

Facing	
  the	
  EXA	
  era,	
  3	
  challenges:	
  
§  Reduce	
  the	
  amount	
  of	
  data:	
  on-­‐the-­‐fly	
  analyses,	
  sampling	
  issue	
  

§  Beier	
  methods	
  to	
  write	
  data	
  and	
  manage	
  and	
  use	
  storage	
  
§  Data	
  science:	
  Beier	
  algorithms	
  to	
  extract	
  and	
  exploit	
  

Just	
  star;ng	
  ….Towards	
  a	
  revolu;on!	
  
	
  


