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–  High	  order	  closures	  (1	  third	  order,	  8	  second	  order)	  
–  Unifies	  moist	  and	  dry	  turbulence	  (except	  deep	  convec>on)	  
–  Use	  two	  Gaussians	  to	  described	  the	  sub-‐grid	  PDF	  of	  each	  quan>ty	  
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–  Unifies	  deep	  and	  shallow	  convec>on	  schemes	  
–  Generates	  forced/free/dry	  shallow	  convec>on	  +	  deep	  convec>on	  
–  Accounts	  for	  sub-‐grid	  mesoscale	  flows	  
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CAM5.3 (FV not SE) 

UNICON CLUBB+MG2 
Bug fixes 
MG2 
MAM4 
Ice+mix. phase 
Energy changes 
Volcanic aero. 

Dust (erod.+bin) 
Conv. Scav.+Tr. 
New orog. 
L32 
CLM4.5 
GWD 

Simulations Simulations 

CAM5.5 

CAM6 

CAM5.4 

•  Code, Pubs., Data, Simulations (AMIP, coupled, AIE, 20th other)? 
•  Provide document proposing candidate to analysis team. 

E EE

Park Bogenschutz 
Gettelman 

Dec 1 

CAM5.3+C/M CAM5.3+U 

Analysis Panel  
(5 members) 

AMWG Feb 15 WACCM5 

Simulations RELEASE 
Breck Criteria? 

Combinations? 
Recommendations? 

CAM6 dev. Web page 

2016 
High-res (SE) 
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Spring	  
2015	  

June	  
2015	  

Spring	  
2016	  

June	  
2016	  

Decision	  
on	  CAM5.5	  

CAM5.5	  to	  
developers	  

Interim	  
versions	  of	  
CLM4.5	  
POP2	  
CICE5	  
BGC	  

Chemistry	  
WACCM	  
Others	  

CAM6	  development	  (SE	  dycore)	  

CESM2	  
FV-‐1o	  

AMWG	  mee>ng	  in	  Jan-‐Feb	  
2016	  to	  freeze	  CAM6	  

Coupled	  simula>ons	   CESM2	  
SE-‐1/4o	  

Coupled	  simula>ons	  

Code	  delivery	  
Poten>al	  code	  delivery	  
Poten>al	  code	  development	  

All	  components	  for	  FV-‐1o	  frozen	  by	  Oct.	  1	  2015	  

Coupled	  simula>ons	  

Oct	  1	  
2015	  

Assembling	  and	  >nkering	  
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•  Decide	  the	  new	  physics	  to	  be	  used	  for	  CAM5.5	  
– None/UNICON/CLUBB/Both/Punt	  
–  ‘Rejected’	  op>ons	  would	  s>ll	  have	  a	  future	  

•  How	  do	  we	  decide?	  
–  I	  don’t	  know	  
–  Value	  judgments	  of	  simula>on/science/viability	  

•  Now	  and	  for	  the	  AMWG	  mee>ng	  
–  Jus>fy	  our	  assessment	  and	  recommenda>ons	  
– Hope	  to	  have	  unity,	  but	  will	  accept	  split	  decision-‐>SSC	  

•  We	  have	  formed	  a	  panel	  for	  the	  process	  
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•  Aim	  
–  To	  assess	  and	  select	  model	  changes	  for	  the	  next	  version	  of	  CAM	  (CAM5.5)	  
–  Just	  the	  co-‐chairs:	  Too	  top-‐down;	  poten>al	  for	  bias	  
–  The	  whole	  of	  AMWG:	  Cumbersome/	  bureaucra>c	  (s>ll	  encouraged)	  
–  Panel	  of	  experts:	  Useful	  number	  for	  consensus	  

•  Appoint	  Panel	  (ok’d	  by	  chief	  scien>st)	  
–  Antonieha	  Capotondi	  (CU/NOAA)	  
–  Steve	  Klein	  (DOE/LLNL)	  
–  Paul	  Kushner	  (U.	  Toronto)	  
–  Brian	  Mapes	  (U.	  Miami)	  
–  Mar>n	  Miller	  (formally	  of	  NCAR)	  

•  Assessment	  guidelines	  
–  Set	  in	  place	  as	  best	  as	  possible	  guidelines	  for	  assessment	  
–  Did	  not	  want	  to	  prejudice	  opinion;	  so	  requirements	  were	  loose	  
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http://www.cesm.ucar.edu/working_groups/Atmosphere/development/cam6/cam5.5-process/ 
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1  Model	  Choice	  and	  ENSO	  
–  At	  this	  point	  CAM5.4	  will	  form	  con>ngency	  version	  for	  CAM5.5	  	  
–  This	  is	  because	  ENSO	  will	  be	  unacceptable	  with	  either	  UNICON	  or	  CLUBB	  
–  However,	  UNICON	  and	  CLUBB	  developers	  should	  work	  towards	  improving	  

ENSO	  by	  May	  15	  deadline	  
–  At	  that	  >me	  the	  panel	  will	  make	  a	  recommenda>on	  whether	  to	  con>nue	  

with	  the	  con>ngency	  or	  to	  proceed	  with	  UNICON	  or	  CLUBB	  if	  they	  have	  an	  
acceptable	  ENSO	  

2  Model	  understanding	  and	  development	  	  
–  All	  code	  should	  be	  made	  available	  to	  developers	  ajer	  AMWG	  
–  Due	  to	  scheme	  complexity	  greater	  effort	  should	  be	  applied	  to	  understand	  

parameter	  sensi>vi>es	  of	  schemes	  
–  Each	  candidate	  scheme	  has	  desirable	  aspects	  the	  should	  be	  ac>vely	  

combined	  beyond	  CAM5.5	  toward	  CAM6	  
–  Therefore	  developers	  should	  plan	  for	  scheme	  intergra>on	  
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CAM history Beyond CAM5 
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CERES-EBAF 

UNICON 

CLUBB 

CAM5.3 ANN 
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CERES-EBAF 

UNICON 

CLUBB 

CAM5.3 ANN 
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GPCP 

UNICON 

CLUBB 

CAM5.3 
DJF 
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GPCP 

UNICON 

CLUBB 

CAM5.3 
JJA 
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MERRA CLUBB 

UNICON CAM5.3 

–  CAM5.3	  persistent	  wet	  
bias	  

–  CLUBB/UNICON	  dryer	  
–  PBL	  water	  too	  high	  
–  Mid-‐la>tude	  moisture	  

increased	  
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CLUBB UNICON 

–  Poleward	  shij	  of	  storm	  
track	  ac>vity	  in	  CLUBB	  

–  Mid-‐la>tude	  rainfall	  
maximum	  also	  shijs	  
poleward	  
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TRMM CLUBB 

UNICON CAM5.3 

–  Diurnal	  cycle	  peak	  remains	  too	  early	  
–  Shijs	  from	  12pm	  to	  4pm	  over	  land	  (both)	  
–  Shijs	  from	  2am	  to	  8am	  over	  ocean	  (UNICON	  beher)	  
–  US	  mid-‐western	  rainfall	  s>ll	  deficient	  (at	  1°)	  

JJA 
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NCEP CLUBB 

UNICON CAM5.3 

–  Madden	  Julian	  Oscilla>on	  
peak	  improved	  (s>ll	  too	  
weak)	  

–  Kelvin	  wave	  too	  strong	  in	  
UNICON	  

–  Kelvin	  waves	  completely	  
absent	  in	  CLUBB	  rainfall	  

–  UNICON	  captures	  
westward	  gravity	  waves	  	  
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CLUBB 

UNICON CAM5.3 

–  CESM	  well	  tuned	  (hard	  to	  beat	  at	  
this	  point)	  

–  Ocean:	  CLUBB	  taking	  up	  too	  much	  
heat,	  MOC	  weakening	  

–  Arc>c	  sea	  ice:	  UNICON	  loses	  
coverage,	  mass	  in	  Summer	  
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HADISST CLUBB 

UNICON CAM5.3 

5 

5 5 
2 

3 

2 

3 

2 

3 

5 
2 3 

–  ENSO	  not	  well	  simulated	  
–  UNICON	  too	  strong	  

amplitude	  at	  two	  wide	  a	  
frequency	  

–  CLUBB	  has	  very	  weak	  
amplitude	  and	  no	  
preferred	  frequency	  
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HADISST CLUBB 

UNICON CAM5.3 

–  1-‐year	  autocorrela>on	  too	  
strong	  in	  UNICON;	  followed	  
by	  weak	  autocorrela>on	  

–  No	  significant	  reverse-‐sign	  
autocorrela>on	  in	  CLUBB	  

–  CLUBB	  anomalies	  too	  close	  
to	  E.	  Pacific	  coast	  

–  CAM5.3	  produces	  a	  very	  
good	  simula>on	  of	  
successive	  ENSO	  events.	  
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CLUBB UNICON CAM5.3 
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CLUBB UNICON CAM5.3 
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CLUBB UNICON CAM5.3 

DJF 

JJA 

DJF JJA 
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CAM5.3 

UNICON CLUBB 

921 Rivers 
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CAM5.3 TRMM 

CLUBB UNICON 
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CAM5.3 TRMM 

CLUBB UNICON 
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Mean	  

LLNL-PRES-667244 

Too	  few	  clouds,	  
too	  large	  in-‐cloud	  
LWP	  
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subtime step = 5 min subtime step = 30 sec 

Cloud fraction 

Water vapor tendency X107 (g/kg/s) 

Third Moment Vertical Velocity (m3/s3) 

~4 hrs 

~2 hrs 

LLNL-PRES-667244 
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Slide	  summary	  (CLUBB)	  
•  Lowest	  biases	  
•  Tropical	  oceanic	  rainfall	  degraded	  (but	  reduced	  twin	  ITCZ)	  
•  Improves	  stra>form	  cloud	  characteris>cs	  (extent/LWP/radia>ve	  

humidity;	  SWCF	  significant)	  
•  Very	  weak	  El	  Nino	  (white	  power/inc.	  weak	  teleconnec>ons)	  
•  Later	  diurnal	  cycle	  maximum,	  weak	  amplitude	  
•  No	  Kelvin	  waves	  (thermodynamic	  fields)	  
•  Moderately	  improved	  MJO	  (inconclusive)	  
•  MOC	  weaker	  
•  Arc>c	  sea-‐ice	  less	  extensive	  
•  Climate	  sensi>vity:	  3.7	  W/m2	  	  
•  Complexity/novelty	  issues?	  
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Slide	  summary	  (UNICON)	  
•  Lowest	  RMSE	  
•  Improved	  Asian	  monsoon	  precipita>on	  
•  Strong	  El	  Nino	  (3yr	  phase/inc.	  strong	  teleconnec>ons)	  
•  Later	  diurnal	  cycle	  maximum	  
•  Kelvin	  waves	  dis>nct	  from	  MJO	  
•  More	  than	  moderately	  improved	  MJO	  (inconclusive)	  
•  MOC	  stronger	  
•  Much	  improved	  implied	  ocean	  heat	  transport	  (Pacific/Indian)	  
•  Arc>c	  sea-‐ice	  more	  extensive	  
•  Climate	  sensi>vity:	  4.2	  W/m2	  

•  Development/collabora>on	  issues	  
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1  Model	  Choice	  and	  ENSO	  
–  At	  this	  point	  CAM5.4	  will	  form	  con>ngency	  version	  for	  CAM5.5	  	  
–  This	  is	  because	  ENSO	  would	  be	  unacceptable	  with	  either	  UNICON	  or	  CLUBB	  
–  However,	  UNICON	  and	  CLUBB	  developers	  should	  work	  towards	  improving	  

ENSO	  by	  May	  15	  deadline	  
–  At	  that	  >me	  the	  panel	  will	  make	  a	  recommenda>on	  whether	  to	  con>nue	  

with	  the	  con>ngency	  or	  to	  proceed	  with	  UNICON	  or	  CLUBB	  if	  they	  have	  an	  
acceptable	  ENSO	  

2  Model	  understanding	  and	  development	  	  
–  All	  code	  should	  be	  made	  available	  to	  developers	  ajer	  AMWG	  mee>ng	  
–  Due	  to	  scheme	  complexity	  greater	  effort	  should	  be	  applied	  to	  understand	  

parameter	  sensi>vi>es	  of	  schemes	  
–  Each	  candidate	  scheme	  has	  desirable	  aspects	  that	  should	  be	  ac>vely	  

combined	  beyond	  CAM5.5	  toward	  CAM6	  
–  Therefore	  developers	  should	  develop	  explicit	  plans	  for	  scheme	  integra>on	  
	  


