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Main	
  AcBviBes	
  of	
  the	
  Extremes	
  WG	
  
1.  Workshop	
  held	
  in	
  Berkeley,	
  August	
  2013	
  
2.  Special	
  issue	
  of	
  US	
  CLIVAR	
  Varia%ons	
  (Winter	
  2014)	
  
3.  Workshop	
  report,	
  with	
  detailed	
  recommendaBons,	
  

published	
  June	
  2014	
  
4.  ContribuBons	
  relaBng	
  to	
  extreme	
  events	
  in	
  the	
  US	
  

CLIVAR	
  Science	
  Plan	
  (summer/fall	
  2014)	
  
5.  Input	
  to	
  CMIP6	
  planning	
  
6.  Major	
  publicaBon	
  in	
  Climate	
  Dynamics	
  on	
  

temperature	
  extremes	
  over	
  North	
  America	
  
7.  Major	
  publicaBon	
  in	
  preparaBon	
  on	
  precipitaBon	
  

extremes	
  over	
  North	
  America	
  (draded)	
  



Jargon:	
  LSMP	
  

1.  Large	
  Scale	
  Meteorological	
  PaDerns	
  (LSMPs)	
  
2.  LSMPs	
  are	
  the	
  synopBc	
  paDerns	
  in	
  

atmospheric	
  variables	
  at	
  mulBple	
  levels	
  that	
  
cause	
  the	
  extreme	
  event.	
  	
  

3.  SynopBc	
  Bme	
  scale	
  (a	
  few	
  days)	
  
4.  Tend	
  to	
  be	
  equivalent	
  barotropic	
  
5.  Have	
  ocean	
  basin	
  and/or	
  conBnental	
  scale	
  
6.  Differ	
  from	
  low-­‐frequency	
  modes	
  



Examples:	
  California	
  LSMPs	
  in	
  Z500	
  
•  Shading	
  indicates	
  
unusual	
  values	
  

•  Top	
  row:	
  CAOs	
  
•  Middle	
  row:	
  
anomaly	
  fields	
  for	
  
heat	
  waves	
  

•  BoDom	
  row:	
  
extreme	
  P	
  

•  Led	
  column:	
  24	
  
hours	
  before	
  
onset;	
  Right	
  
column	
  at	
  onset	
  

24hr	
  prior	
   event	
  onset	
  



Berkeley	
  Workshop,	
  20-­‐22	
  August	
  2013	
  
•  Analyses,	
  Dynamics,	
  and	
  Modeling	
  of	
  Large	
  Scale	
  Meteorological	
  

PaDerns	
  Associated	
  with	
  Extreme	
  Temperature	
  and	
  PrecipitaBon	
  
Events	
  

•  ObjecBves:	
  
–  Establish	
  methodology	
  and	
  protocols	
  for	
  using	
  LSMPs	
  in	
  staBsBcal,	
  

dynamical,	
  and	
  synopBc	
  analyses	
  
–  Preliminary	
  assessment	
  of	
  climate	
  model	
  simulaBon	
  and	
  downscaling	
  

connecBon	
  to	
  T	
  &	
  P	
  extreme	
  events	
  
•  Topics:	
  1)	
  Data,	
  2)	
  StaBsBcs,	
  3)	
  SynopBcs	
  and	
  Dynamics,	
  4)	
  Modeling	
  



Special	
  Issue	
  of	
  VariaBons	
  

•  Winter	
  2014	
  issue	
  
•  6	
  arBcles	
  plus	
  a	
  
summary	
  introducBon	
  

•  Based	
  on	
  selected	
  
workshop	
  
presentaBons	
  



Berkeley	
  Workshop	
  Report,	
  10	
  June	
  2014	
  
•  Summarizes	
  present	
  state	
  of	
  
knowledge	
  and	
  methodologies	
  in:	
  
–  Data	
  and	
  methodologies	
  
–  StaBsBcal	
  methods	
  and	
  
applicaBons	
  

–  SynopBc-­‐dynamics	
  methods	
  and	
  
applicaBons	
  

– Modeling	
  approaches	
  and	
  issues	
  
•  Detailed	
  recommendaBons	
  	
  
–  Data	
  needs	
  
–  StaBsBcal	
  tools	
  needs	
  
–  SynopBc-­‐dynamic	
  knowledge	
  gaps	
  
– Modeling	
  needs	
  
–  Other	
  general	
  recommendaBons	
  



US	
  CLIVAR	
  Science	
  Plan,	
  2013	
  
•  Mainly	
  secBon	
  5.2:	
  	
  
–  on	
  climate	
  extremes.	
  	
  
–  one	
  of	
  four	
  research	
  challenges	
  	
  
– DefiniBon	
  
–  Significance:	
  scienBfic,	
  societal	
  
– Dynamics	
  of:	
  droughts,	
  
hurricanes,	
  precipitaBon,	
  
temperature	
  

–  Future	
  research:	
  observaBonal	
  
&	
  model	
  issues,	
  infrastructure,	
  
applicaBons,	
  focused	
  efforts	
  



CMIP6	
  ,	
  2014	
  

•  WG	
  commented	
  on	
  CMIP6	
  
planning	
  

•  Primary	
  issue:	
  
– providing	
  adequate	
  data	
  to	
  
study	
  simulated	
  extremes	
  
(higher	
  spaBal	
  and	
  Bme	
  
resoluBon	
  than	
  in	
  the	
  past)	
  



Temperature	
  extremes	
  paper	
  
1.  Covers	
  5	
  major	
  topics:	
  

1.  Data	
  issues	
  
2.  Methodologies	
  for	
  idenBfying	
  the	
  

LSMPs	
  
3.  SynopBc-­‐Dynamics	
  of	
  LSMPs	
  
4.  Model	
  simulaBon	
  of	
  LSMPs	
  and	
  T	
  

extremes	
  
5.  Trends	
  in	
  T	
  extremes	
  

2.  Knowledge	
  gaps	
  idenBfied	
  and	
  
key,	
  targeted	
  quesBons	
  listed	
  

3.  13	
  authors,	
  34	
  journal	
  pages	
  
4.  Published	
  Open	
  Access	
  in	
  

Climate	
  Dynamics,	
  22	
  May	
  2015.	
  	
  
5.  DOI:	
  10.1007/s00382-­‐015-­‐2638-­‐6	
  



PrecipitaBon	
  extremes	
  paper	
  
1.  Covers	
  6	
  major	
  topics:	
  

1.  Data	
  and	
  extreme	
  P	
  event	
  idenBficaBon	
  
2.  Types	
  of	
  extreme	
  P	
  events	
  
3.  SynopBcs	
  of	
  LSMPs	
  
4.  Remote	
  influences	
  on	
  extreme	
  P	
  events	
  
5.  Trend	
  detecBon:	
  observed	
  and	
  projected	
  
6.  SimulaBon	
  of	
  extreme	
  P	
  events	
  and	
  their	
  LSMPs	
  

2.  A	
  first	
  drad	
  of	
  the	
  secBons	
  above	
  has	
  been	
  
wriDen.	
  

3.  To	
  be	
  submiDed	
  to	
  Climate	
  Dynamics	
  	
  



WG	
  Findings	
  
1.  The	
  dynamics	
  underlying	
  short-­‐term	
  extreme	
  temperature	
  and	
  

precipitaBon	
  events	
  are	
  not	
  well	
  understood	
  over	
  most	
  of	
  the	
  US.	
  
2.  Consequently,	
  the	
  extent	
  to	
  which	
  current	
  climate	
  models	
  are	
  able	
  to	
  

capture	
  the	
  dynamics	
  underlying	
  extreme	
  events	
  is	
  also	
  not	
  well	
  
understood	
  –	
  	
  a	
  criBcal	
  limit	
  on	
  confidence	
  in	
  future	
  projecBons.	
  

3.  Analyzing	
  the	
  large-­‐scale	
  meteorological	
  pa6erns	
  (LSMPs)	
  associated	
  
with	
  short-­‐term	
  extreme	
  events	
  is	
  very	
  useful	
  for	
  invesBgaBng	
  event	
  
dynamics	
  and	
  can	
  provide	
  a	
  basis	
  for	
  downscaling.	
  

4.  Understanding	
  and	
  predicBng	
  extremes	
  requires	
  interacBon	
  between	
  
researchers	
  in	
  these	
  different	
  topical	
  areas:	
  	
  extreme	
  value	
  staBsBcs,	
  
observaBons,	
  synopBc-­‐dynamics,	
  modeling,	
  and	
  applicaBon	
  sectors.	
  	
  The	
  
Berkeley	
  workshop	
  facilitated	
  interacBon	
  amongst	
  the	
  first	
  four	
  areas,	
  
and	
  there	
  was	
  much	
  interest	
  in	
  follow-­‐on	
  acBviBes	
  that	
  also	
  involved	
  the	
  
fidh,	
  applicaBon	
  sectors.	
  More	
  details	
  and	
  recommendaBons	
  in	
  the	
  
workshop	
  report,	
  VariaBons	
  special	
  issue,	
  and	
  two	
  refereed	
  papers.	
  



WG	
  RecommendaBons	
  (1	
  of	
  3)	
  
•  Details	
  in	
  Workshop	
  Report,	
  gaps	
  &	
  quesBons	
  in	
  refereed	
  papers	
  
•  Extremes	
  involve	
  mulBple	
  subjects,	
  	
  so,	
  many	
  recommendaBons	
  

1.  Data:	
  (EWE=extreme	
  weather	
  event)	
  
1.  Increase	
  investment	
  in	
  Big	
  Data	
  infrastructure	
  to	
  manage	
  &	
  process	
  

large	
  amounts	
  of	
  model	
  data	
  and	
  catalog	
  EWEs	
  idenBfied	
  
2.  BeDer	
  quanBfy	
  and	
  display	
  uncertainBes	
  in	
  observed	
  datasets	
  
3.  Promote	
  efforts	
  to	
  maintain	
  current	
  observing	
  networks,	
  including	
  

cooperaBve	
  networks,	
  especially	
  those	
  with	
  long	
  records	
  
4.  Develop	
  grid	
  versus	
  staBon	
  data	
  comparison	
  protocols	
  	
  

2.  StaBsBcal	
  Tools:	
  
3.  SynopBc-­‐dynamic	
  gaps	
  &	
  knowledge:	
  
4.  Modeling:	
  
5.  Other:	
  



WG	
  RecommendaBons	
  (2	
  of	
  3)	
  
1.  Data:	
  	
  
2.  StaBsBcal	
  Tools:	
  (EVS=extreme	
  value	
  staBsBcs)	
  

1.  Promote	
  mulBple	
  LSMP	
  analysis	
  techniques	
  
2.  Develop	
  and	
  promote	
  LSMP	
  predicBon	
  uncertainty	
  &	
  reliability	
  

assessment	
  techniques,	
  including	
  use	
  in	
  projecBons	
  
3.  Develop	
  mulBvariate	
  EVS,	
  including	
  trends,	
  low	
  frequency	
  

influences,	
  surface	
  factors,	
  seasonality	
  
3.  SynopBc-­‐dynamic	
  knowledge:	
  (EWE=extreme	
  weather	
  event)	
  

1.  Characterize	
  EWE	
  LSMPs	
  in	
  an	
  objecBve,	
  uniform	
  and	
  simple	
  manner	
  
2.  Leverage	
  atmospheric	
  blocking	
  events	
  studies	
  as	
  LSMP	
  prototypes	
  
3.  Fund	
  developing	
  simple,	
  effecBve	
  and	
  concise	
  metrics	
  related	
  to	
  

EWE	
  LSMPs	
  
4.  Fund	
  engaging	
  atmospheric	
  dynamics	
  community	
  in	
  studies	
  of	
  EWE	
  

LSMPs,	
  including:	
  deducing	
  physical	
  mechanisms	
  responsible	
  for	
  
LSMPs	
  and	
  for	
  LSMP-­‐Low	
  Frequency	
  modes	
  linkages	
  

4.  Modeling:	
  
5.  Other:	
  



WG	
  RecommendaBons	
  (3	
  of	
  3)	
  
1.  Data:	
  
2.  StaBsBcal	
  Tools	
  :	
  
3.  SynopBc-­‐dynamic	
  knowledge:	
  (EWE=extreme	
  wx	
  event)	
  
4.  Modeling:	
  (RCM=regional	
  climate	
  model)	
  

1.  Archive	
  higher	
  Bme	
  (≤6	
  hrs)	
  and	
  verBcal	
  resoluBon	
  for	
  dynamical	
  
study	
  and	
  LSMP	
  idenBficaBon	
  

2.  Fund	
  dynamics	
  and	
  modeling	
  communiBes	
  to	
  develop	
  &	
  apply	
  
analysis	
  of	
  model	
  output	
  for	
  LSMP:	
  biases,	
  frequency,	
  duraBon,	
  and	
  
trends.	
  This	
  includes:	
  metrics,	
  Bme	
  evoluBon	
  prior	
  to	
  onset	
  	
  through	
  
event	
  end,	
  changing	
  variability	
  of	
  LSMPs,	
  and	
  separaBng	
  ways	
  an	
  
EWE	
  is	
  created.	
  	
  

3.  Fund	
  developing	
  metrics	
  that	
  assess	
  how	
  good	
  is	
  ‘good	
  enough’	
  
LSMP	
  simulaBon	
  for	
  adequate	
  RCM	
  simulaBon	
  of	
  the	
  EWE	
  

5.  Other:	
  
1.  Follow	
  on	
  workshop(s)	
  	
  such	
  as:	
  dynamical	
  LSMP	
  metrics	
  (beyond	
  

ETCCDI),	
  applicaBon	
  sector	
  needs,	
  applied	
  EVS,	
  predictability	
  of	
  
extremes	
  



WG	
  RecommendaBons	
  (Condensed)	
  
1.  Data:	
  

1.  Increase	
  investment	
  in	
  Big	
  Data	
  infrastructure	
  re	
  LSMPs	
  
2.  BeDer	
  quanBfy	
  and	
  display	
  uncertainBes	
  	
  
3.  Protocols	
  for	
  grid	
  to	
  staBon	
  comparisons	
  
4.  Promote	
  efforts	
  to	
  maintain	
  current	
  observing	
  networks,	
  

2.  StaBsBcal	
  Tools	
  :	
  
1.  Promote	
  mulBple	
  LSMP	
  analysis	
  techniques	
  
2.  Develop	
  and	
  promote	
  LSMP	
  predicBon	
  uncertainty	
  techniques	
  	
  	
  
3.  Develop	
  mulBvariate	
  EVS,	
  including	
  trends,	
  low	
  frequency	
  influences,	
  surface	
  factors	
  

3.  SynopBc-­‐dynamic	
  knowledge:	
  (EWE=extreme	
  wx	
  event)	
  
1.  Standardize	
  LSMPs	
  	
  analyses	
  
2.  Leverage	
  atmospheric	
  blocking	
  events	
  studies	
  to	
  LSMPs	
  
3.  Fund	
  developing	
  metrics	
  related	
  to	
  EWE	
  LSMPs	
  
4.  Fund	
  dynamical	
  studies	
  of	
  EWE	
  LSMPs	
  and	
  LSMP-­‐LF	
  linkages	
  

4.  Modeling:	
  
1.  Archive	
  higher	
  Bme	
  and	
  verBcal	
  resoluBon	
  output	
  
2.  Fund	
  analysis	
  of	
  model	
  output	
  for	
  LSMP	
  properBes,	
  metrics,	
  Bme	
  evoluBon,	
  changing	
  

variability,	
  and	
  separaBng	
  ways	
  an	
  EWE	
  can	
  be	
  created.	
  	
  
3.  Fund	
  assessing	
  ‘good	
  enough’	
  LSMP	
  simulaBon	
  

5.  Other:	
  
1.  Follow	
  on	
  workshop(s)	
  	
  



•  Increase	
  investment	
  in	
  Big	
  Data	
  infrastructure	
  to	
  manage	
  &	
  process	
  large	
  
amounts	
  of	
  model	
  data	
  and	
  catalog	
  EWEs	
  idenBfied	
  

•  Fund	
  developing	
  simple,	
  effecBve	
  and	
  concise	
  metrics	
  related	
  to	
  EWE	
  LSMPs	
  
	
  
•  Fund	
  engagement	
  of	
  atmospheric	
  dynamics	
  community	
  in	
  studies	
  of	
  EWE	
  

LSMPs,	
  including:	
  deducing	
  physical	
  mechanisms	
  responsible	
  for	
  LSMPs	
  and	
  
for	
  LSMP-­‐Low	
  Frequency	
  modes	
  linkages	
  

•  Fund	
  dynamics	
  and	
  modeling	
  communiBes	
  to	
  develop	
  &	
  apply	
  analysis	
  of	
  
model	
  output	
  for	
  LSMP:	
  biases,	
  frequency,	
  duraBon,	
  and	
  trends.	
  This	
  includes:	
  
metrics,	
  Bme	
  evoluBon	
  prior	
  to	
  onset	
  	
  through	
  event	
  end,	
  changing	
  variability	
  
of	
  LSMPs,	
  and	
  separaBng	
  ways	
  an	
  EWE	
  is	
  created.	
  	
  

•  Fund	
  developing	
  metrics	
  that	
  assess	
  how	
  good	
  is	
  ‘good	
  enough’	
  LSMP	
  
simulaBon	
  for	
  adequate	
  RCM	
  simulaBon	
  of	
  the	
  EWE	
  

•  Support	
  follow-­‐on	
  workshops:	
  	
  dynamical	
  LSMP	
  metrics	
  (beyond	
  ETCCDI),	
  
applicaBon	
  sector	
  needs,	
  applied	
  EVS,	
  predictability	
  of	
  extremes	
  

Follow-­‐on	
  AcBviBes:	
  
Summary	
  of	
  Funding	
  RecommendaBons	
  



Follow-­‐on	
  AcBviBes:	
  
Programs	
  and	
  OrganizaBons	
  

•  US	
  CLIVAR	
  
–  Science	
  plan	
  research	
  challenge	
  5.2.	
  Have	
  had	
  WGs	
  on	
  the	
  four	
  hazards	
  there:	
  

TCs,	
  Drought,	
  and	
  now	
  T&P	
  extremes.	
  Revisit	
  these?	
  Shid	
  focus?	
  
•  InternaBonal	
  CLIVAR	
  	
  

–  WCRP	
  Grand	
  Challenge:	
  Science	
  Underpinning	
  the	
  PredicBon	
  and	
  ADribuBon	
  
of	
  Extreme	
  Events.	
  Share	
  this	
  WG	
  experBse	
  with	
  InternaBonal	
  CLIVAR	
  effort?	
  

•  USGCRP	
  Third	
  NaBonal	
  Climate	
  Assessment	
  
–  Extremes	
  included	
  in	
  chapters	
  2,	
  6,	
  and	
  20.	
  Research	
  from	
  funding	
  requested	
  

above	
  would	
  beDer	
  inform	
  these	
  (and	
  other	
  chapters	
  in	
  the	
  next	
  NCA)	
  
•  IUGG	
  acBviBes	
  

–  (biennial	
  meeBngs)	
  High-­‐Impact	
  weather	
  and	
  climate	
  extremes	
  sessions	
  
(forecasters,	
  staBsBcians,	
  and	
  climate	
  modelers)	
  mainly	
  through	
  IAMAS’	
  ICDM	
  

–  (quadrennial	
  meeBngs)	
  Hydrological	
  extremes	
  mainly	
  through	
  IAHS	
  but	
  also	
  
IAMAS	
  

•  NSF	
  PREEVENTS	
  
–  (1)	
  understand	
  beDer	
  fundamental	
  processes	
  underlying	
  geohazards	
  and	
  

extreme	
  events	
  on	
  various	
  spaBal	
  and	
  temporal	
  scales,	
  &	
  their	
  variability;	
  (2)	
  
improve	
  models	
  of	
  geohazards,	
  extreme	
  events,	
  and	
  their	
  impacts;	
  (3)	
  develop	
  
new	
  tools	
  to	
  enhance	
  societal	
  preparedness	
  and	
  resilience.	
  	
  



Follow-­‐on	
  AcBviBes:	
  
Possible	
  Specific	
  Project	
  

Regional	
  evalua4ons	
  of	
  how	
  well	
  current	
  models	
  capture	
  the	
  dynamics	
  of	
  short-­‐term	
  precipita4on	
  
and	
  temperature	
  extremes	
  over	
  the	
  US.	
  
	
  
This	
  addresses	
  a	
  criBcal	
  naBonal	
  problem-­‐-­‐how	
  much	
  confidence	
  to	
  have	
  in	
  projecBons	
  of	
  extreme	
  
acBvity	
  (e.g.,	
  as	
  in	
  NCA,	
  IPCC)-­‐-­‐and	
  would	
  do	
  it	
  regionally,	
  which	
  is	
  both	
  dynamically	
  appropriate	
  and	
  
most	
  useful	
  for	
  applicaBons.	
  	
  	
  
	
  
Such	
  an	
  effort	
  would	
  lead	
  to	
  several	
  extremely	
  useful	
  outcomes:	
  	
  evaluaBon	
  of	
  confidence	
  in	
  the	
  
projecBons,	
  of	
  course,	
  but	
  also:	
  	
  downscaled	
  projecBons	
  via	
  the	
  LSMP	
  approach,	
  model	
  evaluaBon,	
  
beDer	
  understanding	
  of	
  the	
  basic	
  dynamics	
  of	
  the	
  events,	
  and	
  informaBon	
  relevant	
  to	
  predictability	
  
at	
  different	
  scales.	
  	
  The	
  effort	
  could	
  take	
  advantage	
  of	
  exisBng	
  models	
  runs,	
  but	
  a	
  key	
  part	
  of	
  the	
  
work	
  would	
  be	
  making	
  the	
  right	
  informaBon	
  from	
  those	
  runs	
  (daily,	
  mulBple	
  levels)	
  easily	
  available	
  
for	
  analysis.	
  	
  It	
  is	
  essenBal	
  for	
  the	
  community	
  to	
  have	
  access	
  to	
  the	
  full	
  set	
  of	
  metrics	
  produced	
  by	
  
the	
  extensive	
  number	
  of	
  model	
  runs.	
  	
  These	
  metrics	
  should	
  be	
  available	
  at	
  sufficiently	
  high	
  
frequencies	
  to	
  provide	
  the	
  opportunity	
  to	
  analyze	
  extreme	
  episodic	
  events	
  that	
  occur	
  on	
  both	
  the	
  
mesoscale	
  and	
  synopBc	
  scales.	
  	
  The	
  effort	
  could	
  Be-­‐in	
  with	
  exisBng	
  efforts	
  to	
  diagnose	
  and	
  aDribute	
  
extreme	
  events.	
  	
  	
  
	
  
With	
  the	
  regional	
  emphasis,	
  it	
  could	
  also	
  perhaps	
  link	
  to	
  applicaBons/decision	
  makers/vulnerability	
  
efforts	
  within	
  each	
  region	
  -­‐-­‐	
  maybe	
  some	
  workshops	
  to	
  focus	
  on	
  what	
  types/indices	
  of	
  extremes	
  are	
  
most	
  important	
  to	
  understand.	
  	
  	
  
	
  
There	
  are	
  some	
  possible	
  parallels	
  to	
  the	
  DRICOMP	
  effort	
  but	
  with	
  the	
  set-­‐up	
  effort	
  focused	
  on	
  data	
  
availability	
  rather	
  than	
  new	
  model	
  runs.	
  	
  


