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ISCCP	  global	  weather	  states	  

•  Focus	  here	  on	  WS	  8	  (shallow	  Cu)	  and	  WS	  10	  (Sc)	  



ISCCP	  weather	  states:	  Geographical	  distribu&on	  

Southeast Asia may reflect a ‘‘confusion’’ between cloud
and heavy pollution events, or it may be indicative of
pollution aerosol effects on cloud properties. The peak
off the coast of Chile appears to be a form of marine
stratus that has unusually higher cloud tops [this may be
due to a low PC bias in the ISCCP product in this regime
caused by biases in the atmospheric temperature profiles
used to convert cloud top temperature to pressure (cf.
Stubenrauch et al. 1999)]. The WS 4 RFO is 4.7% and
the average CF is 92%. WS 5 also includes primarily

midlevel clouds, but they are optically thinner thanWS 4
and aremixedwithmore thin cirrus clouds (Fig. 2, Table 1).
These clouds are found primarily in the Southern Ocean
storm track near the edge of the Antarctic ice cap, in the
Siberia and Alaska regions, and in smaller concentra-
tions in the Northern Hemisphere oceanic storm tracks
and the ITCZ region. The WS 5 RFO 5 11.5% and the
average CF 5 83% (Table 1). WS 6 includes primarily
high and very thin clouds classified by ISCCP as cirrus
(Fig. 2, Table 1). ThisWS is found primarily in the Pacific

FIG. 3. Geographical distribution of the 11WSs (clusters) as well as the totally clear sky cluster (WS 12). The colors indicate the frequency
of occurrence in percent of a WS at a particular location.

TABLE 1.AveragedPC, TAU, and total CF (%) ofmean centroid for each of the 11WSs based on grid-center PC andTAUand radiatively
linear weighting by CF.

WS 1 WS 2 WS 3 WS 4 WS 5 WS 6 WS 7 WS 8 WS 9 WS 10 WS 11

Avg PC 275.00 455.00 355.00 620.00 550.00 315.00 600.00 780.00 825.00 720.00 735.00
Avg TAU 12.39 10.97 3.40 11.16 3.25 1.62 4.04 2.96 6.57 4.95 11.35
Total CF 98.81 96.83 93.44 91.56 83.45 76.42 29.84 61.85 81.18 83.09 93.26
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ISCCP	  weather	  states	  in	  CMIP5	  models	  

•  WS	  8	  (shallow	  Cu)	  under-‐represented,	  globally	  and	  
parPcularly	  near	  Azores	  

•  WS	  10	  (Sc)	  commonly	  under-‐represented	  (including	  
GISS-‐E2),	  parPcularly	  near	  Azores	  	  	  



Two	  case	  studies	  from	  CAP-‐MBL,	  2009	  
Cu:	  11/13	  post-‐frontal	  cold-‐air	  outbreak	   Sc:	  11/22,	  Azores	  high	  

θskin-‐	  θ800mb	  =	  1.6	  K	  



Cu	  (50	  km)	   Sc	  (20	  km)	  

VISST	  cloud	  retrievals	  

(data	  from	  Kirk	  Ayers,	  NASA	  LaRC)	  



DHARMA	  setup	  
•  LES	  framework	  (Stevens	  and	  Bretherton	  1997)	  with	  dynamic	  SGS	  

model	  (Kirkpatrick	  et	  al.	  2006)	  on	  eddy-‐permi\ng	  grids:	  

Cu:	  20	  x	  20	  x	  3.5	  km,	  ∆x	  =	  100	  m,	  ∆z	  =	  35	  m	  
Sc:	  10	  x	  10	  x	  2.5	  km,	  ∆x	  =	  100	  m,	  ∆z	  =	  15	  m	  

•  2-‐moment	  Morrison	  microphysics	  (Cu)	  or	  bin	  microphysics	  (Sc),	  with	  
diagnosPc	  bimodal	  aerosol	  fit	  to	  CCN	  measurements,	  scaled	  

•  parameterized	  LW	  cooling	  only	  

•  subsidence	  profiles	  loosely	  based	  on	  MERRA,	  tuned	  

•  interacPve	  surface	  fluxes	  (SST	  fixed)	  
•  winds	  and	  free	  troposphere	  thermo	  nudged	  with	  τ	  =	  2	  h	  

•  6-‐h	  simulaPons	  (for	  now)	  



GISS	  ModelE2	  SCM	  

•  Since	  AR5	  version,	  SCM	  machinery	  completely	  overhauled	  by	  
Fridlind	  and	  Kelley,	  now	  easy	  to	  run	  and	  configure	  new	  cases	  

•  Components	  used	  here:	  
–  Del	  Genio	  et	  al.	  1996	  straPform	  cloud	  scheme	  (Sundqvist)	  

–  Del	  Genio	  et	  al.	  2007	  moist	  convecPon	  
–  Cheng	  &	  Yao	  2012	  turbulence	  scheme	  (non-‐local	  in	  PBL,	  
2nd	  order	  closure	  above,	  dry	  variables)	  

•  Same	  forcings	  and	  iniPal	  condiPons	  as	  LES	  



Radar	  curtains:	  Cumulus	  (11/13)	  

ObservaPons	  

100-‐km	  grid	  

20-‐km	  grid	  



Radar	  curtains:	  Stratocumulus	  (11/22)	  

ObservaPons	  

260/mg	  CCN	  

130/mg	  CCN	  



Domain	  averages	  Cumulus	   Stratocumulus	  	  	  	  

!	  LES	  setups	  seem	  plausible,	  on	  to	  SCM...	  



Domain	  averages	  Cumulus	   Stratocumulus	  	  	  	  



Mean	  profiles:	  Cumulus	  



Mean	  profiles:	  Stratocumulus	  



Domain	  averages	  Cumulus	   Stratocumulus	  	  	  	  



Domain	  averages	  Cumulus	   Stratocumulus	  	  	  	  



Domain	  averages	  Cumulus	   Stratocumulus	  	  	  	  



GISS	  ModelE2	  low-‐level	  
cloud	  frac&on:	  L40	  

Southeast Asia may reflect a ‘‘confusion’’ between cloud
and heavy pollution events, or it may be indicative of
pollution aerosol effects on cloud properties. The peak
off the coast of Chile appears to be a form of marine
stratus that has unusually higher cloud tops [this may be
due to a low PC bias in the ISCCP product in this regime
caused by biases in the atmospheric temperature profiles
used to convert cloud top temperature to pressure (cf.
Stubenrauch et al. 1999)]. The WS 4 RFO is 4.7% and
the average CF is 92%. WS 5 also includes primarily

midlevel clouds, but they are optically thinner thanWS 4
and aremixedwithmore thin cirrus clouds (Fig. 2, Table 1).
These clouds are found primarily in the Southern Ocean
storm track near the edge of the Antarctic ice cap, in the
Siberia and Alaska regions, and in smaller concentra-
tions in the Northern Hemisphere oceanic storm tracks
and the ITCZ region. The WS 5 RFO 5 11.5% and the
average CF 5 83% (Table 1). WS 6 includes primarily
high and very thin clouds classified by ISCCP as cirrus
(Fig. 2, Table 1). ThisWS is found primarily in the Pacific

FIG. 3. Geographical distribution of the 11WSs (clusters) as well as the totally clear sky cluster (WS 12). The colors indicate the frequency
of occurrence in percent of a WS at a particular location.

TABLE 1.AveragedPC, TAU, and total CF (%) ofmean centroid for each of the 11WSs based on grid-center PC andTAUand radiatively
linear weighting by CF.

WS 1 WS 2 WS 3 WS 4 WS 5 WS 6 WS 7 WS 8 WS 9 WS 10 WS 11

Avg PC 275.00 455.00 355.00 620.00 550.00 315.00 600.00 780.00 825.00 720.00 735.00
Avg TAU 12.39 10.97 3.40 11.16 3.25 1.62 4.04 2.96 6.57 4.95 11.35
Total CF 98.81 96.83 93.44 91.56 83.45 76.42 29.84 61.85 81.18 83.09 93.26
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Southeast Asia may reflect a ‘‘confusion’’ between cloud
and heavy pollution events, or it may be indicative of
pollution aerosol effects on cloud properties. The peak
off the coast of Chile appears to be a form of marine
stratus that has unusually higher cloud tops [this may be
due to a low PC bias in the ISCCP product in this regime
caused by biases in the atmospheric temperature profiles
used to convert cloud top temperature to pressure (cf.
Stubenrauch et al. 1999)]. The WS 4 RFO is 4.7% and
the average CF is 92%. WS 5 also includes primarily

midlevel clouds, but they are optically thinner thanWS 4
and aremixedwithmore thin cirrus clouds (Fig. 2, Table 1).
These clouds are found primarily in the Southern Ocean
storm track near the edge of the Antarctic ice cap, in the
Siberia and Alaska regions, and in smaller concentra-
tions in the Northern Hemisphere oceanic storm tracks
and the ITCZ region. The WS 5 RFO 5 11.5% and the
average CF 5 83% (Table 1). WS 6 includes primarily
high and very thin clouds classified by ISCCP as cirrus
(Fig. 2, Table 1). ThisWS is found primarily in the Pacific

FIG. 3. Geographical distribution of the 11WSs (clusters) as well as the totally clear sky cluster (WS 12). The colors indicate the frequency
of occurrence in percent of a WS at a particular location.

TABLE 1.AveragedPC, TAU, and total CF (%) ofmean centroid for each of the 11WSs based on grid-center PC andTAUand radiatively
linear weighting by CF.

WS 1 WS 2 WS 3 WS 4 WS 5 WS 6 WS 7 WS 8 WS 9 WS 10 WS 11

Avg PC 275.00 455.00 355.00 620.00 550.00 315.00 600.00 780.00 825.00 720.00 735.00
Avg TAU 12.39 10.97 3.40 11.16 3.25 1.62 4.04 2.96 6.57 4.95 11.35
Total CF 98.81 96.83 93.44 91.56 83.45 76.42 29.84 61.85 81.18 83.09 93.26
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GISS	  ModelE2	  low-‐level	  
cloud	  frac&on:	  L51	  

Southeast Asia may reflect a ‘‘confusion’’ between cloud
and heavy pollution events, or it may be indicative of
pollution aerosol effects on cloud properties. The peak
off the coast of Chile appears to be a form of marine
stratus that has unusually higher cloud tops [this may be
due to a low PC bias in the ISCCP product in this regime
caused by biases in the atmospheric temperature profiles
used to convert cloud top temperature to pressure (cf.
Stubenrauch et al. 1999)]. The WS 4 RFO is 4.7% and
the average CF is 92%. WS 5 also includes primarily

midlevel clouds, but they are optically thinner thanWS 4
and aremixedwithmore thin cirrus clouds (Fig. 2, Table 1).
These clouds are found primarily in the Southern Ocean
storm track near the edge of the Antarctic ice cap, in the
Siberia and Alaska regions, and in smaller concentra-
tions in the Northern Hemisphere oceanic storm tracks
and the ITCZ region. The WS 5 RFO 5 11.5% and the
average CF 5 83% (Table 1). WS 6 includes primarily
high and very thin clouds classified by ISCCP as cirrus
(Fig. 2, Table 1). ThisWS is found primarily in the Pacific

FIG. 3. Geographical distribution of the 11WSs (clusters) as well as the totally clear sky cluster (WS 12). The colors indicate the frequency
of occurrence in percent of a WS at a particular location.

TABLE 1.AveragedPC, TAU, and total CF (%) ofmean centroid for each of the 11WSs based on grid-center PC andTAUand radiatively
linear weighting by CF.

WS 1 WS 2 WS 3 WS 4 WS 5 WS 6 WS 7 WS 8 WS 9 WS 10 WS 11

Avg PC 275.00 455.00 355.00 620.00 550.00 315.00 600.00 780.00 825.00 720.00 735.00
Avg TAU 12.39 10.97 3.40 11.16 3.25 1.62 4.04 2.96 6.57 4.95 11.35
Total CF 98.81 96.83 93.44 91.56 83.45 76.42 29.84 61.85 81.18 83.09 93.26
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Southeast Asia may reflect a ‘‘confusion’’ between cloud
and heavy pollution events, or it may be indicative of
pollution aerosol effects on cloud properties. The peak
off the coast of Chile appears to be a form of marine
stratus that has unusually higher cloud tops [this may be
due to a low PC bias in the ISCCP product in this regime
caused by biases in the atmospheric temperature profiles
used to convert cloud top temperature to pressure (cf.
Stubenrauch et al. 1999)]. The WS 4 RFO is 4.7% and
the average CF is 92%. WS 5 also includes primarily

midlevel clouds, but they are optically thinner thanWS 4
and aremixedwithmore thin cirrus clouds (Fig. 2, Table 1).
These clouds are found primarily in the Southern Ocean
storm track near the edge of the Antarctic ice cap, in the
Siberia and Alaska regions, and in smaller concentra-
tions in the Northern Hemisphere oceanic storm tracks
and the ITCZ region. The WS 5 RFO 5 11.5% and the
average CF 5 83% (Table 1). WS 6 includes primarily
high and very thin clouds classified by ISCCP as cirrus
(Fig. 2, Table 1). ThisWS is found primarily in the Pacific

FIG. 3. Geographical distribution of the 11WSs (clusters) as well as the totally clear sky cluster (WS 12). The colors indicate the frequency
of occurrence in percent of a WS at a particular location.

TABLE 1.AveragedPC, TAU, and total CF (%) ofmean centroid for each of the 11WSs based on grid-center PC andTAUand radiatively
linear weighting by CF.

WS 1 WS 2 WS 3 WS 4 WS 5 WS 6 WS 7 WS 8 WS 9 WS 10 WS 11

Avg PC 275.00 455.00 355.00 620.00 550.00 315.00 600.00 780.00 825.00 720.00 735.00
Avg TAU 12.39 10.97 3.40 11.16 3.25 1.62 4.04 2.96 6.57 4.95 11.35
Total CF 98.81 96.83 93.44 91.56 83.45 76.42 29.84 61.85 81.18 83.09 93.26
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GISS	  ModelE2	  low-‐level	  
cloud	  frac&on:	  L57	  

Southeast Asia may reflect a ‘‘confusion’’ between cloud
and heavy pollution events, or it may be indicative of
pollution aerosol effects on cloud properties. The peak
off the coast of Chile appears to be a form of marine
stratus that has unusually higher cloud tops [this may be
due to a low PC bias in the ISCCP product in this regime
caused by biases in the atmospheric temperature profiles
used to convert cloud top temperature to pressure (cf.
Stubenrauch et al. 1999)]. The WS 4 RFO is 4.7% and
the average CF is 92%. WS 5 also includes primarily

midlevel clouds, but they are optically thinner thanWS 4
and aremixedwithmore thin cirrus clouds (Fig. 2, Table 1).
These clouds are found primarily in the Southern Ocean
storm track near the edge of the Antarctic ice cap, in the
Siberia and Alaska regions, and in smaller concentra-
tions in the Northern Hemisphere oceanic storm tracks
and the ITCZ region. The WS 5 RFO 5 11.5% and the
average CF 5 83% (Table 1). WS 6 includes primarily
high and very thin clouds classified by ISCCP as cirrus
(Fig. 2, Table 1). ThisWS is found primarily in the Pacific

FIG. 3. Geographical distribution of the 11WSs (clusters) as well as the totally clear sky cluster (WS 12). The colors indicate the frequency
of occurrence in percent of a WS at a particular location.

TABLE 1.AveragedPC, TAU, and total CF (%) ofmean centroid for each of the 11WSs based on grid-center PC andTAUand radiatively
linear weighting by CF.

WS 1 WS 2 WS 3 WS 4 WS 5 WS 6 WS 7 WS 8 WS 9 WS 10 WS 11

Avg PC 275.00 455.00 355.00 620.00 550.00 315.00 600.00 780.00 825.00 720.00 735.00
Avg TAU 12.39 10.97 3.40 11.16 3.25 1.62 4.04 2.96 6.57 4.95 11.35
Total CF 98.81 96.83 93.44 91.56 83.45 76.42 29.84 61.85 81.18 83.09 93.26
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Southeast Asia may reflect a ‘‘confusion’’ between cloud
and heavy pollution events, or it may be indicative of
pollution aerosol effects on cloud properties. The peak
off the coast of Chile appears to be a form of marine
stratus that has unusually higher cloud tops [this may be
due to a low PC bias in the ISCCP product in this regime
caused by biases in the atmospheric temperature profiles
used to convert cloud top temperature to pressure (cf.
Stubenrauch et al. 1999)]. The WS 4 RFO is 4.7% and
the average CF is 92%. WS 5 also includes primarily

midlevel clouds, but they are optically thinner thanWS 4
and aremixedwithmore thin cirrus clouds (Fig. 2, Table 1).
These clouds are found primarily in the Southern Ocean
storm track near the edge of the Antarctic ice cap, in the
Siberia and Alaska regions, and in smaller concentra-
tions in the Northern Hemisphere oceanic storm tracks
and the ITCZ region. The WS 5 RFO 5 11.5% and the
average CF 5 83% (Table 1). WS 6 includes primarily
high and very thin clouds classified by ISCCP as cirrus
(Fig. 2, Table 1). ThisWS is found primarily in the Pacific

FIG. 3. Geographical distribution of the 11WSs (clusters) as well as the totally clear sky cluster (WS 12). The colors indicate the frequency
of occurrence in percent of a WS at a particular location.

TABLE 1.AveragedPC, TAU, and total CF (%) ofmean centroid for each of the 11WSs based on grid-center PC andTAUand radiatively
linear weighting by CF.

WS 1 WS 2 WS 3 WS 4 WS 5 WS 6 WS 7 WS 8 WS 9 WS 10 WS 11

Avg PC 275.00 455.00 355.00 620.00 550.00 315.00 600.00 780.00 825.00 720.00 735.00
Avg TAU 12.39 10.97 3.40 11.16 3.25 1.62 4.04 2.96 6.57 4.95 11.35
Total CF 98.81 96.83 93.44 91.56 83.45 76.42 29.84 61.85 81.18 83.09 93.26
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Conclusions	  
•  ISCCP	  weather	  states	  

–  CMIP5	  models	  deficient	  in	  shallow	  Cu	  and	  Sc	  to	  lesser	  extent	  
–  global	  problems	  also	  seen	  over	  Azores	  

•  LES	  case	  studies	  from	  CAP-‐MBL	  
–  iniPal	  condiPons	  and	  forcings	  produce	  plausible	  results	  

•  ModelE2	  SCM	  simulaPons	  
–  results	  not	  so	  great	  with	  operaPonal	  verPcal	  resoluPon,	  	  
beder	  with	  finer	  grid	  at	  P	  >	  700	  mb	  

–  improvement	  beder	  for	  Cu	  than	  Sc	  
•  GCM	  simulaPons	  

–  finer	  verPcal	  grid	  improves	  shallow	  Cu	  coverage	  in	  tropics	  	  
and	  Sc	  coverage	  in	  sub-‐tropics	  



Outlook	  
•  Dig	  under	  the	  hood	  to	  understand	  parPculars	  of	  stratocumulus	  

inhibiPon	  in	  GISS	  SCM	  

•  AdapPng	  2-‐moment	  microphysics	  (with	  prognosPc	  precip)	  of	  
GeHelman	  &	  Morrison	  2015	  

•  Mixing	  scheme:	  GISS	  turbulence	  group	  adopPng	  (aspects	  of)	  	  
Park	  &	  Bretherton	  2009	  

•  Replace	  Sundqvist	  with	  PDF	  scheme	  for	  straPform	  cloud	  
macrophysics?	  



Extras	  



Idealized	  ini&al	  soundings:	  Cumulus	  
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Idealized	  ini&al	  soundings:	  Stratocumulus	  
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SCM	  ver&cal	  grids	  



Domain	  averages	  Cumulus	   Stratocumulus	  	  	  	  



Mean	  profiles:	  Cumulus	  



Mean	  profiles:	  Stratocumulus	  



WS	  cloud	  ver&cal	  structure	  from	  
	  CloudSat	  and	  CALIPSO	  

the global domain over the 26 years of the ISCCPdataset,
excluding only the time periods with no sunlight when
optical depth retrievals are not made by the ISCCP
analysis.

b. CloudSat–CALIPSO cloud vertical structure of the
weather states

As detailed in the previous section,C–C cloud vertical
profiles are classified into one of 11 CVS types (see Fig. 1,
including clear sky) and matched in time and space to
the GWS. As there can be multiple C–C profiles in
a single 2.58 map grid cell, we include all profiles to pro-
duce a statistical distribution of CVS for each GWS.
Figure 4 shows theRFOof eachCVS type composited for
each GWS: the horizontal axis is the fraction of the C–C
profiles in each CVS type that co-occur with each GWS,
where only the CVS types that occur in $5% of the
matchups are shown. The sum of all the types that occur

less that 5% of the time is shown by the gray bar at the
right end of the graph. Clear-sky fraction is indicated by
the white bar. Note that these results come from the
3.5-yr period, July 2006–December 2009, when both
ISCCP and C–C are available. This explains why the
GWS RFO values shown in Fig. 4 are not the same as
those shown in Fig. 2.
The interpretation of WS 1 and WS 2 as being domi-

nated by deep convection is confirmed by theC–C profiles
in Fig. 4, where 30%–40% of the profiles co-occurring
with these WSs are classified as a cloud extending from
the lower atmosphere continuously to the upper tropo-
sphere (HxMxL). The tropical WS 1 has about 10%
more deep convective cloud (HxMxL, see Fig. 1) than
WS 2 and also has somewhat more clouds that extend
from midlevels into the upper troposphere (thick strat-
iform anvil, HxM, see Fig. 1). WS 1 has somewhat less
high-middle two-layer clouds (HM) but more isolated

FIG. 4. CVS distributions for the 11 WSs. The width of each CVS bar indicates the frequency of occurrence of this CVS in the particular
WS. The white bar (space) indicates clear sky, and the gray bar represents the sum of all CVSs that occur less than 5% of the time.
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ISCCP	  weather	  states:	  500-‐mb	  omega	  


