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Nesbi&	  et	  al.	  (2008,	  J.	  Hydrometeor.)	  

Diurnal	  Cycle	  of	  Convec/on	  
Basis	  for	  genera/on	  of	  precipita/on	  

Convec6ve	  clouds	  form	  over	  the	  mountains	  in	  
the	  morning.	  
	  
By	  a@ernoon	  and	  everning	  storms	  propagate	  
to	  the	  west	  towards	  the	  Gulf	  of	  California	  
where	  they	  can	  organize	  into	  mesoscale	  
convec6ve	  systems	  if	  there	  is	  sufficient	  
moisture	  and	  instability.	  
	  
	  
It’s	  likely	  that	  a	  resolu6on	  less	  than	  5	  km,	  or	  
alterna6vely	  superparmeteriza6on,	  is	  
necessary	  to	  represent	  this	  process	  correctly	  
in	  regional	  models.	  	  Global	  models	  pre&y	  
much	  fail.	  
	  



Cassell	  et	  al.	  (in	  revision)	  



Model	  precipita/on	  biases	  in	  WRF:	  
	  downscaled	  NCEP	  reanalysis	  and	  CFSv1	  	  

Systema6c	  problems	  in	  the	  
climatological	  representa6on	  of	  
rainfall	  that	  are	  clearly	  terrain-‐
dependent.	  	  Similar	  problems	  in	  other	  
RCMs.	  
	  
Reflects	  the	  fact	  that	  the	  RCM	  is	  
challenged	  to	  represent	  organized,	  
propaga6ng	  convec6on,	  irrespec6ve	  of	  
the	  driving	  GCM.	  
	  
This	  type	  of	  convec6on	  varies	  on	  an	  
intraseasonal	  6mescale	  and	  accounts	  
for	  more	  precipita6on	  away	  from	  the	  
mountains.	  	  

Castro	  et	  al.	  (2012,	  J.	  Climate)	  



Dominant	  mode	  of	  early	  summer	  
precipita3on	  
	  (1950-‐2000)	  

PRISM-‐based	  JJ	  SPI	  
An3phase	  rela3onship	  in	  early	  

summer	  rainfall	  between	  
Southwest	  	  U.S.	  and	  central	  U.S	  

Rela3onship	  to	  atmospheric	  
circula3on	  anomalies	  	  

Teleconnec3on	  response	  
Quasi-‐sta3onary	  Rossby	  wave	  train	  

Rela3onship	  to	  sea	  surface	  
temperature	  anomalies	  	  
ENSO,	  Pacific	  decadal	  

variability	  drive	  varia3on	  in	  
tropical	  convec3on	  

Ciancarelli	  et	  al.	  (2013,	  Int.	  J.	  Climatol.)	  



Boreal	  warm	  season	  atmospheric	  teleconnec/ons	  
Per	  classifica6ons	  of	  Ding	  et	  al.	  (2011,	  J.	  Climate)	  

ENSO/PDV	  Forced:	  Early	  summer	  (JJ)	  
Probably	  most	  seasonally	  predictable	  

Indian	  monsoon	  forced:	  Late	  summer	  (JAS)	  

CGT	  Mode	  1	  

CGT	  Mode	  2	  

Ciancarelli	  et	  al.	  (2013,	  Int.	  J.	  Climatol.)	  

Western	  Pacific	  North	  
America	  PaWern	  (WPNA)	  

Circumglobal	  
Teleconnec/on	  (CGT)	  



Influence	  of	  Atlan/c	  Mul/decadal	  Oscilla/on	  
e.g.	  Hu	  and	  Feng	  (2011,	  J.	  Climate)	  	  



Warm	  phase:	  	  Weaker	  North	  
Atlan6c	  subtropical	  high,	  weaker	  
Great	  Plains	  low-‐level	  jet.	  
	  
Dry	  in	  central	  U.S.,	  wet	  in	  
Southwest	  U.S.	  

Cold	  phase:	  	  Stronger	  North	  
Atlan6c	  subtropical	  high,	  stronger	  
Great	  Plains	  low-‐level	  jet.	  
	  
Wet	  in	  central	  U.S.,	  dry	  in	  
Southwest	  U.S.	  

Probably	  synergis6cally	  
interacts	  with	  ENSO-‐PDV	  forced	  
variability.	  

DRY	  

DRY	  
WET	  

WET	  

Hu	  and	  Feng	  (2011,	  J.	  Climate)	  



Antecedent	  Land	  Surface	  Condi/ons	  	  
e.g.	  Zhu	  et	  al.	  (2007,	  J.	  Climate)	  

Most	  of	  these	  types	  of	  studies	  explore	  this	  hypothesis	  in	  a	  sta6s6cal	  framework	  only.	  	  	  
	  
The	  alterna6ve	  hypothesis	  of	  atmospheric	  teleconnec6on	  mechanisms	  previously	  
presented	  is	  also	  supported	  by	  idealized	  dynamical	  modeling.	  	  



Antecedent	  Precipita/on	  (JFM)	  Anomalies	  
associated	  with	  early	  and	  late	  monsoons	  	  

in	  northwest	  Mexico	  
Zhu	  et	  al.	  (2007,	  J.	  Climate)	  

WET	  DRY	  

Resembles	  classic	  ENSO-‐type	  signature	  for	  winter	  precipita6on	  variability	  in	  North	  
America	  



Current	  warm	  season	  seasonal	  forecast	  skill	  in	  North	  
American	  Mul/model	  Ensemble	  (NMME)	  

Kirtman	  et	  al.	  (2014,	  Bull.	  Amer.	  Meteor.	  Soc.)	  

All	  NMME	  Models	   CFSv2	  only	  



Are	  skillful	  seasonal	  NAMS	  forecast	  possible?	  
Castro	  et	  al.	  (2012,	  J.	  Climate)	  

Global	  seasonal	  forecast	  models	  ,	  
such	  as	  the	  Climate	  Forecast	  System	  
model	  used	  by	  U.S.	  Climate	  Predic6on	  
Center	  do	  have	  an	  ability	  to	  
sta6s6cally	  represent	  WPNA	  response	  
and	  its	  impact	  on	  warm	  season	  
precipita6on.	  
	  
For	  skillful	  NAMS	  forecasts,	  a	  seasonal	  
forecast	  GCMs	  must	  have	  an	  ability	  to	  
determinis6cally	  represent	  warm	  
season	  atmospheric	  teleconnec6ons.	  	  	  



Observed	  Change	  in	  Early	  and	  Late	  Warm	  Season	  
Climatology:	  1980-‐2010	  minus	  1950-‐1980	  

Chang	  et	  al.	  (JGR,	  accepted)	  

Recent	  observa6onal	  record	  seems	  to	  comport	  with	  “wet	  gets	  we&er,	  dry	  gets	  drier	  idea”	  



Courtesy	  Dr.	  Linda	  Mearns,	  NaDonal	  Center	  for	  Atmospheric	  Research	  



Considering	  the	  core	  NAMS	  
region,	  the	  change	  in	  
precipita6on	  is	  slightly	  
nega6ve.	  
	  
But	  this	  decrease	  is	  	  
rela6vely	  small	  and	  there	  is	  
li&le	  agreement	  among	  the	  
NARCCAP	  models.	  

Ensemble	  mean	  JA	  projected	  precipita/on	  change	  (%)	  	  
of	  NARCCAP	  models	  and	  degree	  of	  confidence	  

Bukovsky	  et	  al.	  (2015,	  J.	  Climate)	  



Note	  in	  some	  cases	  there	  
can	  be	  differences	  in	  the	  
sign	  of	  precipita6on	  
projec6ons	  among	  RCMs	  
even	  when	  forced	  by	  the	  
same	  CMIP3	  GCM.	  

Bukovsky	  et	  al.	  (2015,	  J.	  Climate)	  



Improved	  North	  American	  monsoon	  	  
precipita/on	  in	  CMIP5	  models	  	  
Cook	  and	  Seager	  (2013,	  J.	  Geophys.	  Res.)	  



Ensemble	  mean	  changes	  in	  North	  American	  
Monsoon	  Precipita/on	  in	  CMIP5	  models	  	  

Cook	  and	  Seager	  (2013,	  J.	  Geophys.	  Res.)	  

Decreases	  in	  
precipita6on	  during	  
early	  summer	  due	  to	  
enhanced	  atmospheric	  
stability,	  under	  more	  
intense	  monsoon	  ridge.	  
	  
Increases	  in	  
precipita6on	  in	  late	  
summer	  and	  early	  fall	  
once	  stability	  barrier	  
can	  be	  overcome.	  	  



What	  causes	  extreme	  precipita/on	  in	  the	  West?	  

Ralph	  et	  al.	  (2011)	  



Technical	  Approach	  
Dynamical	  downscaling	  to	  address	  severe	  weather	  ques/on	  

Yields	  climate	  change	  projec6on	  results	  that	  simulate	  possible	  changes	  in	  extreme	  events	  in	  
a	  physically-‐based	  way,	  using	  a	  well-‐established	  modeling	  paradigm	  for	  weather	  
forecas6ng.	  



Panel	  issues	  
How	  should	  the	  NMME	  reforecast	  (and	  other	  similar)	  products	  be	  used	  to	  
evaluate	  warm	  season	  skill?	  	  Should	  there	  be	  some	  dis6nc6on	  between	  the	  
large-‐scale	  atmospheric	  circula6on	  and	  surface	  temperature	  and	  precipita6on?	  
	  
What	  are	  physically	  based	  metrics	  that	  could	  be	  applied	  to	  climate	  predic6on	  
and	  projec6on	  models	  (e.g.	  NMME	  and	  CMIP)	  that	  could	  be	  used	  as	  differen6al	  
weigh6ng	  in	  crea6ng	  ensemble	  averages?	  
	  
It	  is	  well	  recognized	  in	  weather	  forecast	  community	  that	  convec6ve	  resolving	  
scale	  (or	  superparameteriza6on)	  is	  essen6al	  for	  the	  warm	  season	  to	  reasonably	  
simulate	  organized	  convec6ve	  structures.	  	  How	  do	  we	  adapt	  this	  paradigm	  for	  
climate	  forecasts/projec6ons	  in	  a	  way	  that	  is	  computa6onally	  feasible?	  
	  
Do	  we	  need	  a	  community	  MRED	  Phase	  II	  experiment	  to	  evaluate	  the	  value	  
added	  of	  regional	  modeling	  with	  use	  of	  the	  NMME	  reforecast	  data?	  	  What	  kinds	  
of	  procedures	  and	  metrics	  would	  be	  appropriate	  for	  an	  effort	  of	  this	  type?	  
	  
	  
	  
	  
	  
	  


