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New title: Understanding and predicting 
weather and climate extremes  
 
(Previous title “Science underpinning the 
prediction and attribution of extreme events” too 
narrow) 

 

 
 
 

GC	  Climate	  Extremes	  	  

3	  



JSC	  mee'ng,	  June	  30	  2014	  

•  White paper drafts circulated to CLIVAR and 
GEWEX SSGs in December 2013/January 2014 

•  Final draft posted February 2014 
•  Added a new member Lisa Alexander to task team 

co-chairs (jointly supported by GEWEX and CLIVAR 
co-chairs) 

•  White paper final draft circulated to US CLIVAR 
community for comments May 2014 

•  Currently developing more detailed implementation 
plan 

Current	  status	  
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IPCC SREX report (2012) 
Climate Extremes, or 
even a series of non-
extreme events, in 
combination with social 
vulnerabilities and 
exposure to risks can 
produce climate related 
disasters 
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What	  are	  climate	  
extremes?	  
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Many	  types	  of	  weather	  and	  climate	  
extremes,	  different	  space/'me	  scales	  

q  Heat wave (days, over 
large region) 

q  Drought (year to decade or 
longer, continental) 

q  Major flood (days to 
month, over large region) 

q  Ice storm (day, over small 
region) 

q  Tornadoes (minutes and 
several kilometers)  

q  Marine storms (hours to 
days and thousand 
kilometers) 
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1:	  improved	  quality	  of	  ground-‐based	  and	  remote-‐sensing	  based	  datasets	  for	  
extremes	  (GEWEX:	  GHP	  and	  GDAP)	  
2:	  improved	  models	  for	  simula'ons	  of	  extremes	  (GEWEX/CLIVAR/WGCM)	  
3:	  interac'ons	  between	  large-‐scale	  drivers	  and	  regional-‐scale	  land	  surface	  
feedbacks	  affec'ng	  extremes	  (GEWEX:	  GLASS)	  
4:	  role	  of	  external	  (e.g.	  anthropogenic)	  forcings	  vs	  internal	  variability	  for	  
changes	  in	  intensity	  and	  frequency	  of	  extremes	  	  (ETCCDI/IDAG/CLIVAR)	  
5:	  factors	  contribu'ng	  to	  the	  risk	  of	  a	  par'cular	  observed	  event	  (ACE/
ETCCDI/IDAG/CLIVAR)	  
6:	  causes	  of	  drought	  changes	  in	  past	  and	  future	  (GEWEX/CLIVAR/GDIS)	  
7:	  predictability	  of	  changes	  in	  frequency	  and	  intensity	  of	  extremes	  at	  
seasonal	  to	  decadal	  'me	  scales	  (WGSIP/CLIVAR/GEWEX)	  
8:	  role	  of	  large-‐scale	  phenomena	  (monsoons,	  modes	  of	  variability)	  for	  past	  
and	  future	  changes	  in	  extremes	  (CLIVAR/GEWEX) 

Iden'fied	  8	  key	  scien'fic	  ques'ons	  
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Improved	  observa'ons	  

Donat	  et	  al.	  2013,	  BAMS	  
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Improved	  observa'ons	  

GEWEX/GHP	  •  GHP:	  Review	  of	  sub-‐daily	  
precipita'on	  covering	  
observa'ons	  and	  modelling	  
with	  focus	  on	  extremes	  
(subm.	  to	  Rev.	  of	  Geophysics)	  

	  
•  While	  only	  limited	  regions	  of	  
the	  globe	  have	  been	  studied,	  
most	  show	  an	  increase	  in	  sub-‐
daily	  extreme	  rainfall	  over	  the	  
last	  few	  decades	  (but	  with	  
regional	  and	  seasonal	  
varia'ons)	  	   (Westra	  et	  al.,	  submiJed)	  
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Robert	  Adler/Huan	  Wu,	  	  U.	  of	  Maryland	  Wu,	  Adler	  et	  al.,	  WRR	  	  2014	  

Global	  Real-‐*me	  Flood	  Calcula*ons	  Using	  Satellite	  Rainfall	  and	  Hydrological	  Models	  

Global	  Flood	  Monitoring	  System	  (GFMS)	   h[p://flood.umd.edu/	  

TMPA	  
TRMM	  calibra*ng	  rainfall	  from	  other	  
satellites	  as	  forerunner	  to	  GPM	  	  

TRMM/GPM	  rainfall	  into	  
land	  surface	  and	  rou=ng	  
models	  for	  water	  depth	  
and	  stream	  flow	  
calcula=ons	  compared	  to	  
flood	  thresholds-‐-‐every	  
three	  hours	  

Indus	  
River	  
basin	  
Aug.	  20	  
2013	  Global	  	  

Flood	  Detec*on	  

12	  km	  resoluOon	  

Improved	  observa'ons	  
GEWEX/GDAP	  
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Observa'ons:	  Some	  challenges	  

Impact	  of	  uncertain'es	  in	  precipita'on	  datasets	  for	  global	  drought	  trends	  

Trends	  in	  scPDSI	  (Penman-‐Monteith	  Epot)	  
Trenberth	  et	  al.	  2013,	  Nature	  Clim.	  Ch.	  

GEWEX/GDAP	  
and	  GLASS	  
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(Seneviratne	  et	  al.	  2014,	  Nature	  Clim.	  Ch.)	  

No	  pause	  in	  increase	  of	  hot	  temperature	  extremes	  
1997-‐2012	  tendencies	  

Observa'onal	  data:	  Recent	  trends	  
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Improving	  models	  

Sillmann	  et	  al.	  2014,	  ERL	  

ETCCDI/CLIVAR	  
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Improving	  models	  

Boberg	  and	  Christensen	  2012,	  Nature	  Clim.	  Ch.	  

Climate	  models	  overes'mate	  highest	  temperatures	  in	  the	  Mediterranean	  
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Improving	  models	  

Kendon	  et	  al.	  2014,	  
Nature	  Clim.	  Ch.	  

Impact	  of	  model	  resolu'on	  for	  simula'ng	  heavy	  precipita'on	  	  



JSC	  mee'ng,	  June	  30	  2014	  

Mechanisms:	  Land-‐climate	  interac'ons	  

Hirschi	  et	  al.	  2011,	  Nature	  Geo.;	  Mueller	  and	  Seneviratne	  2012,	  PNAS	  

Impacts	  of	  surface	  
moisture	  limita'ons	  for	  
T	  extremes	  	  

GEWEX/GLASS	  
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Mechanisms:	  Land-‐climate	  interac'ons	  
GEWEX/GLASS	  Contribu'on	  of	  mean	  soil	  moisture	  change	  to	  change	  in	  T	  and	  P	  

extremes	  (late	  21st	  century-‐late	  20th	  century):	  GLACE-‐CMIP5	  	  

Seneviratne	  et	  al.	  2013,	  GRL	  
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Mechanisms:	  Land-‐climate	  interac'ons	  

Impacts	  of	  land	  management	  on	  temperature	  extremes:	  No-‐'ll	  farming	  

Davin	  et	  al.	  2014,	  PNAS	  
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Mechanisms:	  Large-‐scale	  drivers	  
CLIVAR/ETCCDI	  

Kenyon	  and	  Hegerl	  2008,	  J.Clim;	  Kenyon	  and	  Hegerl	  2010,	  J.Clim.	  
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External	  forcings	  vs	  internal	  variability	  

Min	  et	  al.	  2011,	  Nature	  

ETCCDI/CLIVAR	  
Trends in precipitation extremes (1951-1999) 
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External	  forcings	  vs	  internal	  variability	  

Zhang	  et	  al.	  2013,	  GRL	  

ETCCDI/CLIVAR	  

Trends	  in	  heavy	  precipita'on	  in	  Northern	  Hemisphere	  Land	  (1951-‐2005)	  
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Event	  a[ribu'on	  

OJo	  et	  al.	  2012,	  GRL	  

ACE	  /	  ETCCDI	  

Contradictory	  statements	  on	  
a[ribu'on	  of	  Russian	  heat	  wave:	  
•  Dole	  et	  al.	  2012,	  GRL:	  Event	  mainly	  

due	  to	  natural	  internal	  
atmospheric	  variability	  

•  Rahmstorf	  and	  Coumou	  2010,	  
PNAS:	  80%	  probability	  that	  2010	  
event	  would	  not	  have	  occurred	  
without	  global	  warming	  

O[o	  et	  al.	  2012,	  GRL:	  Two	  
perspec'ves	  are	  complementary	  	  	  
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Event	  a[ribu'on	  
Eastern	  China	  2013	  Summer	  Heatwave	  

Record	  summer	  Tmean	  

•  Broader event attribution, putting event into historical perspective 
 

•  Hottest summer since obs network established in 1950s 
 

•  Anthropogenic influence increased the likelihood of the extreme warm 
2013 summer by 60-fold (every 4.5 yrs vs every 270 yrs) 

 

Sun	  et	  al.	  2014	  

2013	  summer	  anomaly:	  1.1	  °C	  
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Causes	  of	  drought	  changes	  
GEWEX/CLIVAR/GDIS	  

Representa'on	  of	  poten'al	  evapotranspira'on	  is	  cri'cal	  for	  assessing	  long-‐
term	  trends	  in	  agricultural	  drought	  	  

Sheffield	  et	  al.	  2012,	  Nature	  
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Causes	  of	  drought	  changes	  
GEWEX/CLIVAR/GDIS	  

Schubert	  et	  al.	  2004,	  Science	  

US	  dust	  bowl:	  SST	  vs	  
land-‐atmosphere	  
effects	  on	  droughts	  
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Soil	  moisture	  drought:	  RS-‐based	  es'mates	  

Climatology	  

2012	  anomalies	  

NB:	  Nice	  new	  data	  but	  some	  issues	  
to	  carefully	  evaluate	  (inconsistencies	  
in	  'me,	  regional	  artefacts)	  

(Slide:	  W	  Dorigo)	  
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•  The	  recogni*on	  of	  the	  importance	  of	  and	  the	  societal	  needs	  to	  the	  
understanding	  and	  predic'on	  of	  weather	  and	  climate	  extremes	  by	  WCRP	  
and	  world	  climate	  research	  community	  at	  large	  

•  Recent	  substan*al	  advances	  in	  modelling	  (including	  but	  not	  limited	  to	  
model	  resolu'on)	  

•  Advances	  in	  the	  understanding	  of	  the	  physical	  mechanisms	  leading	  to	  
extremes	  

•  Increased	  efforts	  to	  extend	  the	  historical	  observa*onal	  record,	  including	  
planned	  climate	  quality	  reanalyses	  over	  longer	  historical	  periods	  

•  Expected	  improvements	  in	  remote	  sensing	  products,	  which	  now	  oien	  
extend	  long	  enough	  to	  document	  trends	  and	  sample	  extremes	  and	  have	  a	  
higher	  temporal	  and/or	  spa'al	  resolu'on	  

•  Recent	  world-‐wide	  coordinated	  efforts	  to	  aGribute	  the	  causes	  of	  
individual	  extremes,	  and	  other	  research	  ac'vi'es	  already	  underway	  and	  
planned	  

Opportuni'es	  
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Strategies	  and	  ac'vi'es	  	  
•  A	  WCRP-‐led	  interna*onal	  symposium	  on	  climate	  extremes	  in	  2017/18	  to	  
exchange	  progress	  in	  the	  community	  and	  to	  iden'fy	  future	  research	  needs.	  
This	  should	  be	  as	  widely	  promoted	  as	  possible	  so	  that	  the	  community	  has	  a	  
target	  to	  meet	  (like	  IPCC)	  

•  Prompt	  WCRP-‐wide	  coordina*on	  of	  extreme	  related	  research	  ac'vi'es	  and	  
communicate	  new	  findings	  to	  key	  organiza'ons	  including	  WMO,	  GEO,	  
Future	  Earth,	  as	  well	  as	  contribute	  to	  Global	  Framework	  on	  Climate	  Services	  

•  Foster	  ac*onable	  research	  for	  accelera'ng	  exchange	  across	  the	  community	  
(datasets,	  soQware,	  reference	  ar*cles)	  

•  Prompt	  the	  Grand	  Challenge	  through	  major	  interna*onal	  conferences	  such	  
as	  AGU,	  EGU,	  IUGG,	  etc.,	  by	  organizing	  special	  symposia	  on	  climate	  
extremes	  	  

•  Train	  next	  genera*on	  leaders	  through	  targeted	  training	  workshops	  
•  Organize	  2-‐3	  workshops	  over	  the	  next	  1-‐2	  years	  to	  bring	  the	  appropriate	  
communi'es	  together	  to	  make	  significant	  progress	  in	  strategic	  areas	  	  
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Implementa=ons	  
•  Two	  sessions	  related	  to	  extremes	  research	  at	  GEWEX	  Science	  

Conference	  (July	  2014,	  The	  Hague,	  Netherlands)	  
•  Modeling, predicting, and attributing climate extremes 

(Hegerl, Scaife, Seneviratne)  
•  Observa'ons	  and	  changes	  in	  climate	  extremes	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

(Zhang,	  Stewart,	  Zolina)	  	  

•  Sessions	  within	  PanGEWEX	  and	  PanCLIVAR	  mee*ngs	  
•  WCRP	  summer	  school	  on	  extremes	  (ICTP,	  July	  2014,	  Trieste)	  

Organiza'on:	  F.	  Zwiers,	  S.	  Seneviratne	  (and	  substan'al	  support	  from	  R.	  Boscolo,	  A.	  Pirani)	  

GC	  Climate	  Extremes	  	  
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Implementa=ons	  (con=nued)	  
•  Poten'al	  data	  workshop	  in	  Australia	  (Lisa	  Alexander,	  UNSW,	  Australia)	  

	  some	  funding	  confirmed,	  details/scope	  TBD,	  early	  2015)	  
•  Poten'al	  process	  workshop	  in	  Oslo	  (Jana	  Sillmann,	  Cicero	  center,	  Norway)	  	  

	  (some	  funding	  from	  Norway	  confirmed,	  details	  to	  be	  developed,	  
	  spring	  or	  fall	  2015)	  
•  dynamical	  and	  physical	  processes	  (e.g.,	  large-‐scale	  modes	  of	  	  
variability,	  blocking	  an'cyclones,	  land-‐atmosphere	  feedbacks,	  
monsoons)	  affec'ng	  weather	  and	  climate	  extremes	  

•  representa'on	  of	  these	  processes	  in	  models,	  	  
•  development	  of	  sta's'cal	  methods	  and	  tools	  to	  incorporate	  this	  
informa'on	  into	  the	  evalua'on	  of	  model	  performance	  and	  the	  
predic'on	  of	  climate	  extremes	  

	  

GC	  Climate	  Extremes	  	  
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Summary	  and	  outlook:	  GC	  Extremes	  

Vibrant	  research	  field,	  poten'al	  for	  interac'ons	  between	  
several	  WCRP	  projects,	  panels	  and	  GCs	  	  
	  	  
Detailed	  implementa'on	  plan	  to	  focus	  on	  ca.	  5-‐6	  projects	  
of	  high	  poten'al	  for	  return	  (concrete	  outcomes,	  high	  
relevance)	  –	  Discussion	  at	  the	  Hague	  before	  Pan-‐GEWEX	  
and	  Pan-‐CLIVAR	  mee'ngs	  


