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Climate	
  .me	
  scales	
  of	
  interest	
  
Progression	
  from	
  ini#al-­‐value	
  problem	
  with	
  weather	
  forecas.ng	
  at	
  
one	
  end	
  and	
  mul.-­‐decadal	
  to	
  century	
  climate-­‐change	
  projec.ons	
  
as	
  a	
  forced	
  boundary	
  condi#on	
  problem	
  at	
  the	
  other,	
  with	
  climate	
  
forecast	
  (sub-­‐seasonal,	
  seasonal	
  and	
  decadal)	
  in	
  between	
  	
  

days, seasons, or years. In contrast, daily weather 
forecasts and shorter-term SI climate predictions [e.g., 
El Niño–Southern Oscillation (ENSO) forecasts] can 
be thought of as “initial value problems,” for which 
detailed knowledge of the observed current condi-
tions are crucially needed to define the starting point 
(the initial conditions). Lorenz (1963) demonstrated 
how, even if one possessed a hypothetically perfect 
numerical model representing all of the physical 
processes completely and without error, unavoidable 
uncertainties in the initial conditions will invariably 
grow and contaminate the numerical simulation of 
transient weather systems. This sensitivity to initial 
conditions (sometimes referred to as the “butterfly 
effect”) limits to about 2 weeks the time period 
over which even a perfect model could yield skillful 
weather forecasts. When considering El Niño, a quasi-
oscillatory phenomenon that evolves more slowly than 
synoptic weather systems, skillful numerical forecasts 
of monthly mean or seasonal mean conditions (Shukla 
1984) can be made with a lead time of 6–12 months 
(Kirtman et al. 2002). For example, at 8 months 
multimodel correlation coefficients for Niño-3.4 are 

approximately 0.75, and 
then they drop to 0.6 at 10 
months, and then 0.5 at 12 
months. However, predict-
ability varies on decadal 
time scales (e.g., Tang et al. 
2008), and the ultimate pre-
dictability limits are not 
well established.

For many climate vari-
ables, decision makers are 
interested in the 10–30-yr 
time horizon (e.g., Pulwarty 

2003), a time period that is characterized by a forced 
climate change signal that is often weaker than or 
comparable to the magnitude of internally generated 
climate variations. If skillful decadal climate predic-
tions are to be realized, the time scale for which initial 
conditions are shown to impact the predictions will 
need to be extended by roughly an order of magnitude 
beyond today’s El Niño forecasts. That is, decadal 
prediction involves having some predictable signal in 
the initial state that has been ignored in traditional 
dec–cen climate change simulations.

In the decadal time range, at the confluence be-
tween dec–cen and SI, there may be a “sweet spot” for 
an enhanced signal-to-noise ratio of climate change 
information. The relative uncertainty in global-mean, 
decadal-mean surface air temperature predictions 
initially decreases with lead time as the predictions 
transition from initial state dependence to the forced 
response out to about 40 yr (Fig. 3). At longer lead 
times the emissions scenario uncertainty generally 
becomes dominant (Hawkins and Sutton 2009a).

Even if uncertainty is low in the decadal range 
relative to other periods, there remains the question of 
the signal-to-noise ratio, namely, the extent to which 
predictable regional variations could rise above noise 
from uncertainties in the forced response, and also 
from unpredictable aspects of internal variability, on 
those time and space scales (Barnett et al. 2008). On 
continental scales, the observed response to external 

FIG. 2. Schematic illustrating progression from initial value problems with daily 
weather forecasts at one end, and multidecadal to century projections as a 
forced boundary condition problem at the other, with seasonal and decadal 
prediction in between.

FIG. 3. The relative importance of different sources of 
uncertainty in IPCC GCM projections of decadal-mean 
global-mean surface air temperature in the twenty-
first century is shown by the fractional uncertainty 
(i.e., the prediction uncertainy divided by the expected 
mean change, relative to the 1971–2000 mean). Model 
uncertainty is the dominant source of uncertainty for 
lead times up to 50 yr, with internal variability being 
important for the first decade or so. Scenario uncer-
tainty becomes important at multidecadal lead times 
(from Hawkins and Sutton 2009a).
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CFU	
  structure	
  and	
  main	
  objec.ves	
  

Groups	
   Main	
  objec.ves	
  

1.	
  Climate	
  forecast	
   1.1	
  Development	
  of	
  climate	
  forecast	
  systems	
  
1.2	
  U.liza.on	
  of	
  climate	
  forecasts	
  to	
  understand	
  predictability	
  
mechanisms	
  and	
  forecast	
  systems	
  limita.ons	
  	
  

2.	
  Climate	
  services	
   2.1	
  	
  Downscaling,	
  calibra.on	
  and	
  verifica.on	
  of	
  mul.-­‐model	
  
climate	
  predic.ons	
  for	
  selected	
  regions	
  and	
  loca.ons	
  
	
  2.2	
  	
  Development	
  of	
  climate	
  predic.on	
  tools	
  and	
  
communica.ons	
  for	
  the	
  energy	
  sector	
  and	
  other	
  stakeholders	
  

3.	
  SoIware	
  
development	
  for	
  
climate	
  forecast	
  
and	
  services	
  

3.1	
  	
  	
  Development	
  of	
  HPC	
  user-­‐friendly	
  soRware	
  framework	
  
for	
  climate	
  modeling	
  and	
  op.miza.on	
  of	
  climate	
  models	
  
3.2	
  	
  	
  Development	
  of	
  local	
  and	
  distributed	
  soRware	
  for	
  pre-­‐
processing	
  and	
  post-­‐processing	
  of	
  modeled	
  and	
  observed	
  data	
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1.	
  Climate	
  Forecast:	
  Strategic	
  goals	
  
(1.a)	
  Development	
  of	
  climate	
  forecast	
  systems:	
  	
  

	
  	
  toward	
  more	
  realis.c	
  model	
  processes	
  
	
  

●	
  Incorpora.on	
  and	
  tes.ng	
  of	
  new	
  model	
  components	
  and	
  sub-­‐grid	
  cell	
  
parameteriza.ons	
  to	
  account	
  for	
  addi.onal	
  poten.al	
  predictability	
  sources	
  
	
  

●	
  Tuning	
  of	
  parameteriza.ons	
  to	
  reduce	
  the	
  climate	
  forecast	
  driR	
  and	
  improve	
  skill	
  	
  
	
  

●	
  Development	
  of	
  the	
  next	
  genera.on	
  high-­‐resolu.on	
  global	
  climate	
  forecast	
  system	
  and	
  
assessment	
  of	
  the	
  added-­‐value	
  of	
  such	
  resolu.on	
  increase	
  (0.25°-­‐0.12°,	
  40-­‐25km)	
  
	
  

(1.b)	
  Development	
  of	
  climate	
  forecast	
  systems:	
  	
  
	
  	
  data	
  assimila.on	
  and	
  ini.aliza.on	
  

	
  

●	
  U.liza.on	
  of	
  various	
  oceanic	
  and	
  atmospheric	
  reanalyses	
  and	
  produc.on	
  of	
  ensemble	
  
sea	
  ice	
  reconstruc.ons	
  to	
  obtain	
  a	
  large	
  set	
  of	
  ini.al	
  condi.ons	
  (IC)	
  for	
  climate	
  forecast	
  	
  
	
  

●	
  Comparison	
  of	
  the	
  performance	
  of	
  various	
  ini.aliza.on	
  techniques	
  	
  
	
  

●	
  Assessment	
  of	
  the	
  benefits	
  of	
  weakly	
  coupled	
  data	
  assimila.on	
  in	
  obtaining	
  IC	
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(1.c)	
  Forecast	
  quality	
  assessment:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  aPribu.on	
  and	
  sources	
  of	
  predictability	
  	
  
	
  

●	
  Assessment	
  of	
  the	
  state-­‐of-­‐the-­‐art	
  climate	
  forecast	
  quality	
  in	
  terms	
  of	
  predic.on	
  driR	
  
and	
  skill	
  (tropical	
  cyclones,	
  heat	
  waves,	
  ocean	
  circula.on,	
  sea	
  ice	
  condi.ons,	
  etc.)	
  
	
  

●	
  Produc.on	
  of	
  sensi.vity	
  experiments	
  to	
  highlight	
  sources	
  of	
  skill	
  
	
  

●	
  U.liza.on	
  of	
  successful	
  climate	
  forecasts	
  for	
  aZribu.on	
  purposes	
  (extreme	
  events,	
  
hiatus)	
  through	
  analysis	
  and	
  sensi.vity	
  experiments	
  to	
  highlight	
  the	
  causes	
  for	
  success	
  

1.	
  Climate	
  Forecast:	
  Strategic	
  goals	
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(1.d)	
  Forecast	
  quality	
  assessment:	
  diagnosis	
  of	
  climate	
  forecast	
  errors	
  
	
  

●	
  Inves.ga.on	
  of	
  the	
  mechanisms	
  leading	
  to	
  climate	
  predic.on	
  driR	
  and	
  the	
  rela.ons	
  
between	
  the	
  driR	
  and	
  the	
  predic.on	
  skill	
  
	
  

●	
  Inves.ga.on	
  of	
  the	
  causes	
  for	
  climate	
  forecast	
  errors	
  of	
  par.cular	
  events	
  
	
  

●	
  Feedbacks	
  toward	
  climate	
  forecast	
  system	
  development	
  	
  

1.	
  Climate	
  Forecast:	
  Strategic	
  goals	
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2.	
  Climate	
  Services:	
  Strategic	
  goals	
  
(2.a)	
  Development	
  of	
  user-­‐defined	
  climate	
  forecasts	
  and	
  an	
  assessment	
  of	
  
their	
  skill:	
  Using	
  a	
  mul.-­‐model	
  approach	
  (EU	
  and	
  USA)	
  climate	
  forecasts	
  can	
  be	
  created	
  
and	
  post-­‐processed	
  for	
  variables,	
  .mescales	
  and	
  resolu.ons	
  requested	
  by	
  the	
  user	
  
	
  

Main	
  research	
  topics:	
  Evalua.on	
  of	
  wind	
  power	
  via	
  wind	
  and	
  temperature	
  forecasts	
  
	
  

→	
  Extend	
  research	
  to	
  solar	
  and	
  hydro	
  power	
  using	
  several	
  models	
  	
  
→	
  Expand	
  use	
  of	
  forecasts	
  to	
  risk	
  and	
  vulnerabili.es	
  management	
  
→	
  Translate	
  knowledge	
  into	
  the	
  wine	
  and	
  other	
  agricultural	
  sectors	
  
	
  

(2.b)	
  Applica.on	
  of	
  climate	
  predic.ons	
  in	
  user-­‐tailored	
  decision	
  support	
  tools:	
  
Usable	
  visualiza.on	
  and	
  communica.on	
  techniques	
  can	
  be	
  employed	
  to	
  facilitate	
  the	
  
applica.on	
  of	
  climate	
  predic.ons	
  within	
  specific	
  decision	
  making	
  process	
  
	
  

Main	
  research	
  topics:	
  Collabora.on	
  with	
  end	
  users	
  whose	
  decisions	
  are	
  influenced	
  by	
  
wind	
  power	
  supply	
  to	
  develop	
  a	
  decision	
  support	
  tool	
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2.	
  Climate	
  Services:	
  Strategic	
  goals	
  
(2.c)	
  Assessment	
  of	
  the	
  impact	
  of	
  climate	
  predic.on	
  tools	
  on	
  the	
  decision	
  of	
  
various	
  stakeholders:	
  An	
  evalua.on	
  of	
  climate	
  forecasts	
  within	
  specific	
  decision	
  
making	
  processes	
  will	
  be	
  explored	
  through	
  feedback	
  mechanisms	
  between	
  the	
  
users	
  and	
  the	
  provider	
  
	
  

→	
  Extend	
  user	
  groups	
  and	
  develop	
  more	
  advanced	
  feedback	
  mechanisms,	
  such	
  
as	
  online	
  tools,	
  co-­‐designed	
  projects/ini.a.ves	
  etc.	
  	
  

Winter	
  (DJF)	
  forecast	
  skill	
  	
  
Nov	
  1st	
  start	
  date	
  
10m	
  wind	
  speed	
  
ECMWF	
  S4	
  vs	
  ERA-­‐Interim	
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3.	
  SoIware	
  development:	
  Strategic	
  goals	
  
(3.a)	
  Development	
  of	
  AUTOSUBMIT:	
  	
  	
  	
  hZp://ic3.cat/wikicfu/index.php/Tools/Autosubmit	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  user-­‐friendly	
  framework	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  for	
  climate	
  modeling	
  
	
  

●	
  Autosubmit	
  is	
  a	
  soRware	
  designed	
  	
  
to	
  configure,	
  submit	
  and	
  run	
  	
  
climate	
  simula.ons	
  on	
  a	
  wide	
  	
  
range	
  of	
  plaborms	
  in	
  a	
  uniform,	
  	
  
highly	
  automa.zed	
  and	
  absolutely	
  	
  
transparent	
  way	
  for	
  the	
  users	
  
	
  

●	
  Con.nuous	
  development	
  and	
  	
  
regular	
  releases	
  of	
  new	
  versions	
  	
  
ensure	
  its	
  distribu.on	
  to	
  a	
  wider	
  	
  
community	
  by	
  extending	
  its	
  	
  
op.ons	
  and	
  func.onali.es	
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3.	
  SoIware	
  development:	
  Strategic	
  goals	
  
(3.b)	
  Development	
  of	
  s2dverifica.on:	
  hZp://ic3.cat/wikicfu/index.php/Tools/s2dverifica.on	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  R	
  package	
  tailored	
  for	
  climate	
  forecast	
  skill	
  assessment	
  
	
  

●	
  s2dverifica.on	
  is	
  an	
  R	
  package	
  in	
  con.nuous	
  development	
  and	
  is	
  publically	
  distributed	
  
through	
  the	
  Comprehensive	
  R	
  Archive	
  Network	
  (CRAN)	
  and	
  designed	
  for	
  climate	
  
predic.on	
  skill	
  assessment	
  over	
  large	
  mul.-­‐model	
  and	
  mul.-­‐observa.onal	
  database	
  
	
  

(3.c)	
  Model	
  profiling	
  and	
  op.miza.on	
  
	
  

●	
  Exper.se	
  has	
  been	
  developed	
  on	
  the	
  profiling	
  of	
  climate	
  models,	
  analysis	
  of	
  their	
  
boZlenecks	
  and	
  design	
  of	
  new	
  algorithms	
  and	
  methods	
  to	
  overcome	
  these	
  boZlenecks	
  
	
  	
  

(3.d)	
  Development	
  of	
  tools	
  for	
  data	
  forma_ng	
  and	
  diagnos.cs	
  
	
  

●	
  A	
  precise	
  data	
  formacng	
  policy	
  is	
  applied	
  to	
  ensure	
  the	
  efficiency	
  of	
  data	
  analysis	
  and	
  
comparison	
  	
  
●	
  Pre-­‐processing	
  and	
  post-­‐processing	
  scripts	
  are	
  being	
  con.nuously	
  developed	
  to	
  extend	
  
the	
  common	
  database	
  and	
  to	
  compute	
  advanced	
  climate	
  diagnos.cs	
  for	
  model	
  valida.on	
  
and	
  forecast	
  quality	
  assessment.	
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