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Terminology	
  
•  “Semi-­‐idealized”	
  =	
  experiments	
  with	
  simplified	
  iniMal	
  
condiMons	
  uMlizing	
  operaMonal	
  model	
  configuraMons	
  as	
  
starMng	
  points	
  

•  “Cloud-­‐radiaMve	
  forcing”	
  (CRF)	
  =	
  influence	
  of	
  hydrometeors	
  
on	
  longwave	
  and	
  shortwave	
  radiaMon	
  

•  CRF-­‐on	
  =	
  total	
  radiaMve	
  forcing	
  includes	
  clear-­‐	
  and	
  cloudy-­‐sky	
  
components	
  

•  CRF-­‐off	
  =	
  clouds	
  transparent	
  to	
  radiaMon	
  but	
  clear-­‐sky	
  
radiaMve	
  forcing	
  sMll	
  ongoing	
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“Semi-­‐idealized”	
  HWRF	
  experiment	
  
Thompson/RRTMG	
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W	
  

net	
  cooling	
  
~	
  	
  7	
  K/day	
  

net	
  warming	
  
~	
  1	
  K/day	
  

Condensate	
  (shaded)	
  and	
  net	
  radia;ve	
  forcing	
  (K/h)	
  
(symmetric	
  fields,	
  temporally	
  averaged	
  through	
  day	
  4)	
  

Net	
  radiaEon	
  =	
  LW	
  +	
  SW	
  and	
  includes	
  background	
  (clear-­‐sky)	
  forcing	
  
RadiaEon	
  contour	
  interval	
  differs	
  for	
  posiEve	
  and	
  negaEve	
  values	
  

Cooling	
  ci=0.1	
  K/h	
  
Warming	
  ci	
  =	
  0.05	
  K/h	
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  al.	
  (2014)	
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~	
  13	
  K/day	
  cooling	
  

~	
  6	
  K/day	
  warming	
  

<	
  1	
  K/day	
  warming	
  

Bu	
  et	
  al.	
  (2014)	
  



“Semi-­‐idealized”	
  HWRF	
  experiment	
  
Thompson/RRTMG	
  CRF-­‐on	
  and	
  CRF-­‐off	
  
Thompson/GFDL	
  

34-kt34-kt

HWRF Thompson runs

CRF-on

CRF-off

GFDL

34-­‐kt	
  wind	
  radius	
  	
  
>	
  70%	
  larger	
  with	
  	
  

CRF-­‐on	
  	
  

Bu	
  et	
  al.	
  (2014)	
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Symmetric	
  fields,	
  
temporally	
  averaged	
  
through	
  day	
  4	
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HWRF Thompson/RRTMG - radial and tangential velocity
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(a) CRF-on

(b) CRF-off

(c) Difference

Radial	
  velocity	
  (colored)	
  &	
  
TangenMal	
  velocity	
  (contoured,	
  m/s)	
  
	
  
Thompson/RRTMG	
  
CRF-­‐on	
  
	
  
	
  
	
  
	
  
	
  
Thompson/RRTMG	
  
CRF-­‐off	
  
	
  
	
  
	
  
	
  
	
  
Difference	
  field	
  

Bu	
  et	
  al.	
  (2014)	
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Symmetric	
  fields,	
  
temporally	
  averaged	
  
through	
  day	
  4	
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HWRF Thompson/RRTMG - condensate and net radiation
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(a) CRF-on

(b) CRF-off

(c) Difference

Bu	
  et	
  al.	
  (2014)	
  

Total	
  condensate	
  (colored)	
  &	
  
Net	
  radiaMve	
  forcing	
  (contoured,	
  K/h)	
  
	
  
Thompson/RRTMG	
  
CRF-­‐on	
  
	
  
	
  
	
  
	
  
	
  
Thompson/RRTMG	
  
CRF-­‐off	
  
	
  
	
  
	
  
	
  
	
  
Difference	
  field	
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Symmetric	
  fields,	
  
temporally	
  averaged	
  
through	
  day	
  4	
  



Bu	
  et	
  al.	
  (2014)	
  
Fovell	
  et	
  al.	
  (2015)	
  

CRF	
  in/luences	
  storm	
  size	
  
CM1	
  axisymmetric	
  Thompson/Goddard	
  

•	
  Condensate	
  and	
  radiaMon	
  fields	
  
	
  	
  in	
  axisymmetric	
  model	
  
	
  
•	
  RadiaMon	
  field	
  imposed	
  as	
  
	
  	
  external	
  forcing	
  
	
  
•	
  Showed	
  that	
  cloud-­‐top	
  forcing	
  
	
  	
  almost	
  irrelevant.	
  	
  Within-­‐cloud	
  
	
  	
  LW	
  warming	
  is	
  the	
  key.	
  

C	
  

W	
  

600	
  km	
  

9	
  Symmetric	
  fields,	
  
temporally	
  averaged	
  
over	
  several	
  diurnal	
  cycles	
  



•	
  Expanded	
  radiaMon	
  field	
  
	
  
	
  
	
  
	
  
	
  
	
  
•	
  Standard	
  radiaMon	
  field	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
•	
  Contracted	
  radiaMon	
  field	
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Fovell	
  et	
  al.	
  (2015)	
  



LW	
  warming	
  à	
  ascent	
  
	
  à	
  condensaMon	
  heaMng	
  
	
   	
  à	
  broadened	
  wind	
  field	
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PBL	
  in/luences	
  on	
  storm	
  size	
  
Zhang	
  et	
  al.	
  (2011)	
  
Gopalakrishnan	
  et	
  al.	
  (2013)	
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Zhang	
  et	
  al.	
  (2011)	
  

•	
  Composite	
  radial	
  inflow	
  vs.	
  normalized	
  
	
  	
  radius	
  for	
  Cat	
  1-­‐5	
  (top)	
  and	
  Cat	
  1-­‐3	
  storms	
  
	
  
•	
  BL	
  top	
  defined	
  as	
  10%	
  of	
  max	
  inflow	
  
	
  (one	
  of	
  several	
  PBL	
  depths	
  examined)	
  
	
  
•	
  BL	
  depth	
  increases	
  to	
  ~	
  1300	
  m	
  by	
  3RMW	
  

normalized	
  radius	
  
(xRMW)	
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HWRF	
  inner	
  core	
  in/low	
  depth	
  

•	
  Gopal	
  et	
  al.	
  (2013)	
  
	
  idealized	
  HWRF	
  
	
  
•	
  inner-­‐core	
  inflow	
  too	
  deep	
  
	
  relaMve	
  to	
  observaMons	
  with	
  
	
  standard	
  GFS	
  PBL	
  scheme	
  

Zhang	
  et	
  al.	
  composite	
  depth	
  
(purple	
  line;	
  for	
  Cat	
  4-­‐5?)	
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HWRF	
  inner	
  core	
  in/low	
  depth	
  

•	
  Gopal	
  et	
  al.	
  (2013)	
  
	
  idealized	
  HWRF	
  
	
  
•	
  depth	
  more	
  realisMc,	
  
	
  and	
  RMW	
  smaller	
  when	
  
	
  PBL	
  diffusion	
  arEficially	
  
	
  suppressed	
  
	
  
•	
  α	
  =	
  0.25	
  (“gfs_alpha”)	
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Tuning	
  the	
  PBL	
  scheme	
  
gfs_alpha	
  parameter	
  

•	
  α	
  =	
  0.25	
  fits	
  Zhang	
  et	
  al.’s	
  	
  
	
  esMmates	
  of	
  eddy	
  diffusivity	
  best	
  
	
  
•	
  2012	
  operaMonal	
  HWRF	
  used	
  	
  
α	
  =	
  0.25	
  (in	
  nests)	
  
	
  
•	
  2013	
  operaMonal	
  HWRF	
  used	
  	
  
	
  α	
  =	
  0.7,	
  and	
  added	
  variable	
  Ric	
  factor	
  

Gopal	
  et	
  al.	
  (2013)	
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Note	
  in	
  passing:	
  
Two	
  separate	
  approaches	
  to	
  controlling	
  
the	
  hurricane	
  PBL	
  now	
  exist	
  in	
  HWRF	
  
(1) gfs_alpha!
(2) Variable	
  criMcal	
  Richardson	
  number	
  (var_ric),	
  added	
  
in	
  2013	
  

•	
  So	
  far,	
  semi-­‐idealized	
  aquaplanet	
  experiments	
  suggest	
  var_ric	
  in	
  isolaMon	
  
	
  has	
  lihle	
  impact	
  on	
  storm	
  width,	
  a	
  small	
  influence	
  on	
  intensity,	
  
	
  and	
  a	
  cosme;c	
  effect	
  on	
  reported	
  PBL	
  height	
  (see	
  Appendix)	
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Impact	
  of	
  gfs_alpha	
  on	
  storm	
  size	
  in	
  
semi-­‐idealized	
  simulations	
  
gfs_alpha	
  acts	
  similarly	
  to	
  CRF,	
  but	
  for	
  different	
  reason…	
  
SimulaMons	
  use	
  HWRF	
  2013	
  official	
  release	
  via	
  DTC	
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•	
  Symmetric	
  radial	
  and	
  tangenMal	
  winds	
  
	
  hours	
  72-­‐96	
  

	
  
•	
  OperaMonal	
  configuraMon	
  

	
  gfs_alpha	
  =	
  0.7,	
  0.7,	
  0.7	
  (in	
  2013)	
  
	
  coac	
  =	
  0.75,	
  3.0,	
  4.0	
  
	
  Ferrier	
  MP	
  
	
  GFDL	
  radiaMon	
  
	
  Variable	
  Ri	
  

Cat	
  1-­‐5	
  avg.	
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•	
  Differences	
  from	
  operaMons	
  
	
  2012	
  domain	
  configuraMon	
  
	
  simplified	
  iniMal	
  condiMons,	
  no	
  land	
  
	
  no	
  ocean	
  model	
  coupling	
  
	
  model	
  physics	
  called	
  every	
  Mme	
  step	
  

3RMW	
  



•	
  Symmetric	
  radial	
  and	
  tangenMal	
  winds	
  
	
  hours	
  72-­‐96	
  

	
  
•	
  Modified	
  configuraMon	
  

	
  gfs_alpha	
  =	
  0.7,	
  0.7,	
  0.7	
  
	
  coac	
  =	
  0.75,	
  3.0,	
  4.0	
  
	
  Ferrier	
  MP	
  
	
  RRTMG	
  radiaMon	
  
	
  Variable	
  Ri	
  

	
  

20	
  Horizontal	
  size	
  differences	
  
	
  	
  obscured	
  by	
  nondimensionalizaEon	
  



•	
  Symmetric	
  radial	
  and	
  tangenMal	
  winds	
  
	
  hours	
  72-­‐96	
  

	
  
•	
  Modified	
  configuraMon	
  

	
  gfs_alpha	
  =	
  1.0,	
  0.25,	
  0.25	
  (as	
  used	
  in	
  2012)	
  
	
  coac	
  =	
  0.75,	
  3.0,	
  4.0	
  
	
  Ferrier	
  MP	
  
	
  RRTMG	
  radiaMon	
  
	
  Variable	
  Ri	
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•	
  Symmetric	
  radial	
  and	
  tangenMal	
  winds	
  
	
  hours	
  72-­‐96	
  

	
  
•	
  Modified	
  configuraMon	
  

	
  gfs_alpha	
  =	
  1.0,	
  0.25,	
  0.25	
  
	
  coac	
  =	
  0.75,	
  3.0,	
  4.0	
  
	
  Ferrier	
  MP	
  
	
  GFDL	
  radiaMon	
  
	
  Variable	
  Ri	
  

	
  

•	
  Results	
  congruent	
  with	
  Gopal	
  et	
  al.	
  (2013)	
  
•	
  2013	
  operaEonal	
  gfs_alpha	
  produces	
  
	
  	
   	
   	
  deeper,	
  weaker	
  inflow,	
  even	
  with	
  

	
   	
  variable	
  criEcal	
  Richardson	
  number	
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gfs_alpha	
  also	
  in/luences	
  outer	
  
winds…	
  
Width	
  differences	
  were	
  disguised	
  with	
  nondimensionalized	
  radius	
  
Direct	
  impact	
  on	
  storm	
  structure	
  and	
  size	
  
Indirect	
  impact	
  on	
  moMon	
  (via	
  beta	
  drio)	
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10-­‐m	
  symmetric	
  wind	
  speed	
  

Ferrier/GFDL/α=0.70	
  
(operaMonal	
  alpha)	
  

About	
  6RMW	
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10-­‐m	
  symmetric	
  wind	
  speed	
  

Ferrier/RRTMG/α=0.70	
  
(operaMonal	
  alpha)	
  
	
  
CRF-­‐related	
  expansion	
  
	
  
[Expansion	
  is	
  larger	
  
	
  	
  farther	
  above	
  surface	
  
	
  	
  …	
  “Ep	
  of	
  the	
  iceberg”]	
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10-­‐m	
  symmetric	
  wind	
  speed	
  

Ferrier/RRTMG/α=0.25	
  
(reduced	
  alpha)	
  
	
  
Storm	
  contracEon	
  
	
  when	
  α	
  reduced	
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10-­‐m	
  symmetric	
  wind	
  speed	
  

Ferrier/GFDL/α=0.25	
  
(reduced	
  alpha)	
  
	
  
GFDL	
  has	
  virtually	
  no	
  
CRF	
  

R34	
  varies	
  by	
  	
  
	
  factor	
  of	
  2!	
   27	
  



+	
   Enhanced	
  cyclonic	
  flow	
  larger	
  
	
  	
  above	
  the	
  surface	
  

DiabaEc	
  forcing	
  (colored)	
  and	
  	
  
tangenEal	
  wind	
  (contoured)	
  
difference	
  fields	
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CRF	
  difference	
  

ß	
  DiabaMc	
  forcing	
  from	
  microphysics	
  



29	
  Enhanced	
  cyclonic	
  flow	
  larger	
  
	
  	
  above	
  the	
  surface	
  

α difference	
  

ß	
  DiabaMc	
  forcing	
  from	
  microphysics	
  

DiabaEc	
  forcing	
  (colored)	
  and	
  	
  
tangenEal	
  wind	
  (contoured)	
  
difference	
  fields	
  

+	
  



Other	
  factors	
  being	
  equal…	
  
•  CRF	
  encourages	
  wider	
  storms	
  
•  LW	
  in-­‐cloud	
  warming	
  à	
  gentle	
  ascent	
  à	
  enhanced	
  heaMng	
  à	
  
broader	
  horizontal	
  wind	
  profile	
  

•  Bu	
  et	
  al.	
  (2014,	
  JAS)	
  explains	
  how	
  and	
  why	
  
•  Increasing	
  gfs_alpha	
  also	
  encourages	
  wider	
  storms	
  
•  Using	
  radiaMon	
  package	
  lacking	
  significant	
  CRF	
  (e.g.,	
  current	
  
operaMonal	
  HWRF)	
  can	
  parMally	
  compensate	
  for	
  a	
  possibly	
  
too-­‐large	
  value	
  of	
  gfs_alpha	
  	
  

•  Using	
  a	
  CRF-­‐enabled	
  radiaMon	
  scheme	
  (e.g.,	
  RRTMG)	
  AND	
  a	
  
large	
  value	
  of	
  gfs_alpha	
  may	
  force	
  storms	
  to	
  be	
  too	
  wide	
  
•  Summer	
  2014	
  DTC	
  visit	
  -­‐	
  started	
  examining	
  DTC	
  microphysics/
radiaMon	
  ensemble.	
  	
  Clear	
  evidence	
  of	
  posiMve	
  size	
  bias	
  for	
  
Thompson/RRTMG	
  in	
  AtlanMc;	
  East	
  Pacific	
  more	
  complex	
  (track	
  
errors	
  à	
  demise	
  when	
  SST	
  gradients	
  are	
  large)	
   30	
  



How	
  is	
  gfs_alpha	
  modulating	
  storm	
  
size?	
  
(And	
  when	
  might	
  it	
  fail	
  to	
  have	
  much	
  impact?)	
  

31	
  



Condensation	
  and	
  Km	
  

Large	
  gfs_alpha	
  

Small	
  gfs_alpha	
  

•	
  As	
  shown	
  in	
  Gopal	
  et	
  al.	
  (2013),	
  increasing	
  gfs_alpha	
  permits	
  larger	
  Km	
  
•	
  Condensate	
  (shaded)	
  and	
  Km	
  (contoured)	
  

240	
  km	
  

3	
  
km
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RRTMG	
   GFDL	
  



Water	
  vapor	
  and	
  Km	
  differences	
  
due	
  to	
  α (semi-­‐idealized)	
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•	
  Larger	
  gfs_alpha	
  permits	
  greater	
  Km	
  
•	
  …	
  which	
  increases	
  vapor	
  at	
  PBL	
  top	
  
•	
  …	
  which	
  enhances	
  chance	
  of	
  saturaMon	
  
•	
  …	
  which	
  produces	
  heaMng	
  that	
  broadens	
  the	
  wind	
  profile	
  
•	
  Effect	
  will	
  be	
  diminished	
  if	
  Km	
  too	
  small,	
  environment	
  too	
  stable,	
  or	
  too	
  dry	
  

more	
  mixing	
  

more	
  moist	
  

@

@z
Kh

@q

@z



Water	
  vapor	
  and	
  Km	
  differences	
  
due	
  to	
  α (Daniel	
  04E	
  2012070406)	
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•	
  Pahern	
  somewhat	
  similar	
  but	
  magnitudes	
  reduced,	
  shioed	
  downward,	
  impact	
  smaller	
  
•	
  Environment	
  more	
  stable,	
  SST	
  lower,	
  than	
  in	
  semi-­‐idealized	
  experiment	
  
•	
  Example	
  of	
  when	
  gfs_alpha	
  will	
  have	
  less	
  influence	
  



What’s	
  the	
  optimal	
  value	
  of	
  gfs_alpha?	
  
(if	
  any)	
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Gopal	
  et	
  al.	
  (2013)	
  

Km	
  =	
  WS/0.6	
  

Zhang	
  et	
  al.	
  (2011)	
  
obs-­‐based	
  	
  
Km	
  esMmates	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Semi-­‐idealized	
  runs	
  
Symmetric	
  Km,	
  	
  
day	
  4	
  
	
  
α	
  =	
  0.4-­‐0.5	
  may	
  fit	
  
observaMons	
  “best”	
  
for	
  this	
  scenario	
  

CauEon:	
  plot	
  axes	
  
differ	
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Hcn.	
  Daniel	
  (2012	
  04E)	
  
Symmetric	
  Km	
  
2012070406	
  
day	
  4	
  
(DTC	
  ensemble)	
  
	
  
	
  
	
  
	
  
	
  
Semi-­‐idealized	
  runs	
  
Symmetric	
  Km,	
  	
  
day	
  4	
  
	
  
α	
  =	
  0.4-­‐0.5	
  may	
  fit	
  
observaMons	
  “best”	
  
for	
  this	
  scenario	
  



Summary	
  
•  Enabling	
  CRF	
  and	
  enhancing	
  PBL	
  mixing	
  can	
  both	
  lead	
  to	
  
wider	
  storms,	
  as	
  measured	
  by	
  R34,	
  etc..	
  

•  ConnecMon	
  appears	
  to	
  be	
  indirect,	
  largely	
  via	
  convec:ve	
  
ac:vity	
  (moistening	
  à	
  heaMng	
  à	
  wind	
  field	
  broadening)	
  
•  CRF	
  gently	
  lios	
  air	
  through	
  a	
  large	
  storm	
  volume,	
  mainly	
  above	
  
PBL	
  (Bu	
  et	
  al.	
  2014)	
  

•  PBL	
  mixing	
  loos	
  moisture	
  
•  Both	
  enabled	
  CRF	
  and	
  larger	
  gfs_alpha	
  can	
  fail	
  to	
  influence	
  
storm	
  size,	
  when	
  interacMon	
  with	
  convecMon	
  is	
  weak	
  or	
  
absent	
  
•  This	
  may	
  dilute	
  aggregated	
  ensemble	
  staMsMcs	
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Future	
  work	
  
•  Explore	
  more	
  direct	
  capping	
  of	
  Km	
  based	
  on	
  wind	
  speed	
  
•  Being	
  tested	
  at	
  EMC	
  now	
  
•  May	
  obviate	
  need	
  to	
  hunt	
  for	
  opMmal	
  gfs_alpha	
  value	
  

•  Examine	
  and	
  analyze	
  a	
  range	
  of	
  gfs_alpha	
  values	
  in	
  
retrospecMve	
  simulaMons,	
  mindful	
  of	
  physics	
  interacMons	
  
•  Hypothesis:	
  CRF-­‐enabled	
  radiaMon	
  schemes	
  may	
  require	
  smaller	
  
α	
  values.	
  	
  This	
  may	
  be	
  why	
  RRTMG	
  hasn’t	
  yet	
  been	
  adopted	
  as	
  
default	
  operaMonal	
  HWRF	
  

•  Understand	
  the	
  direct	
  impact	
  of	
  variable	
  Richardson	
  number	
  
(var_ric)	
  in	
  real-­‐data	
  simulaMons	
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[end]	
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Extra	
  slides	
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Effect	
  of	
  variable	
  critical	
  Ri	
  (var_ric)	
  on	
  	
  
semi-­‐idealized	
  storm	
  structure:	
  	
  
Preliminary	
  assessment	
  
ExecuMve	
  summary:	
  impact	
  is	
  minor	
  on	
  aquaplanet	
  runs,	
  
dwarfed	
  by	
  gfs_alpha	
  influence	
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PBL	
  height	
  vs.	
  normalized	
  radius:	
  
var_ric	
  =	
  1	
  vs.	
  0	
  

•	
  PBL	
  height	
  reported	
  by	
  
	
  	
  GFS	
  PBL	
  subrouMne	
  is	
  
	
  consistently	
  lower	
  when	
  
	
  variable	
  Ri	
  is	
  permihed.	
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PBL	
  height	
  vs.	
  normalized	
  radius:	
  
var_ric	
  =	
  1	
  vs.	
  0	
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•	
  Difference	
  in	
  PBL	
  height	
  
	
  reported	
  by	
  HWRF,	
  averaged	
  
	
  over	
  one	
  diurnal	
  cycle	
  



Symmetric	
  10-­‐m	
  wind	
  profiles	
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Limle	
  impact	
  on	
  R34,	
  outer	
  wind	
  profile	
  



Radial	
  inflow	
  (colored)	
  
and	
  tangenMal	
  wind	
  
(contoured)	
  
	
  
vs.	
  height	
  &	
  	
  
normalized	
  radius	
  

•	
  Note	
  HWRF-­‐reported	
  
	
  PBL	
  heights	
  reside	
  
	
  well	
  above	
  inflow	
  
	
  layer	
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Condensate	
  (shaded)	
  &	
  
momentum	
  diffusivity	
  
(contoured)	
  
	
  
vs.	
  height	
  and	
  radius	
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Radial	
  (shaded)	
  and	
  
tangenMal	
  velocity	
  
(contoured)	
  
	
  
vs.	
  height	
  and	
  radius	
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