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Why	  Southeast	  Asia?	  SEAC4RS	  Experiment	  

SouthEast	  Asia	  Composi3on,	  Cloud,	  Climate	  Coupling	  Study 	  Summer	  2012	  
Aircra_:	  ER-‐2,	  GV,	  DC-‐8	  



Climatology	  of	  the	  region	  

illustrated in Figure 1b. The fact that the convective heating
is located north of the equator introduces a much stronger
circulation in that hemisphere, as also discussed by Gill
[1980]. The schematic diagram of three-dimensional struc-
ture of this heat-induced circulation can be found in the work
of Highwood and Hoskins [1998, Figure 9].
[10] It is important to note the relation between the

anticyclonic circulation and the location of the deep con-
vection, as they are distinct. This is illustrated more clearly
in Figure 2, which shows a streamfunction (Y) highlighting
the location of strongest winds at 100 hPa (used here to
define the time averaged anticyclone), together with the
time averaged OLR (a proxy for convection). The strongest
convection occurs over the Indian Ocean and Southeast
Asia, on the southeastern edge of the anticyclone; this
behavior is consistent with the dynamical structure of the
Gill response (Figure 1b). There is relatively less of the
deepest convection within the anticyclone, and only a
weaker maximum over the Tibetan plateau (noted with gray
shading in Figure 2). Analyses of the correlations between
tracers and convection (OLR) show that tracers within the

Figure 1. (a) Horizontal structures of July–August 2005 average National Centers for Environmental
Prediction (NCEP) geopotential height anomalies (deviations from the zonal mean, unit: meter) and
horizontal winds (m s!1) at 100 hPa. Horizontal wind fields are shown as vectors, and shaded regions
indicate deep convection (outgoing longwave radiation (OLR) " 205 W m!2). (b) Revised ‘‘Gill-type’’
solution at the upper level of the atmosphere [adapted from Gill, 1980, Figure 1b]. Shaded regions
indicate the imposed heat source. Copyright Royal Meteorological Society. Reproduced with permission.
Permission is granted by John Wiley and Sons Ltd on behalf of RMETS.

Figure 2. Climatological location of the monsoon antic-
yclone (defined as streamfunction (Y) calculated from
NCEP horizontal winds, contour: 400 m2 s!1) averaged in
July–August 2005. Red contours indicate deep convection
(OLR contours of 205, 195, 185. . . W m!2, with values
below 195 hatched red), and Tibetan plateau is shown as
gray shading where the elevation is #3 km.
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Figure 1. Mean wind at (a) 1000 mb and (b) 200 mb superimposed on topography. Wind data were obtained from the NOAA-CIRES Climate
Diagnostics Center, Boulder, Colorado (http://www.cdc.noaa.gov/) and plotted in MountainZebra (James et al., 2000). The colour scale shows

topography elevation in kilometres.

Rather than surface rain mapping, the goal of our
research is to gain insight into the physical mechanisms
by which the heavy monsoon precipitation is produced.
To gain this insight, we examine the three-dimensional
structure of the storms producing intense monsoon pre-
cipitation. For this we turn to meteorological radar.
Narayanan (1967) foresaw radars as providing ‘better
insight into the intricacies of the hitherto hidden phenom-
ena of monsoon clouds. . .’ Specifically, we analyze data
from the satellite-borne Precipitation Radar (PR) on the
Tropical Rainfall Measuring Mission (TRMM) satellite
(Kummerow et al., 1998; Kummerow et al., 2000). The
satellite-borne radar is especially well suited for deter-
mining storm structure in mountainous regions since it
points downwards from high altitude. It can detect pre-
cipitation (with a horizontal resolution of ∼5 km) both
over peaks of terrain and within valleys, which would be
blocked from the view of a ground-based radar (Joss and
Waldvogel, 1990). The TRMM satellite’s orbit (which
is confined between 36 °N and 36 °S) results in multiple
daily samples of the South Asian region, including the
Himalayas. Since its launch in late 1997, the TRMM PR

has accumulated a climatological sample of radar data
over the monsoon region. Our objective is to use the
TRMM PR data to assess the three-dimensional struc-
tures of the radar echoes in the Himalayan region in
relation to the details of the topography and proximity
to surrounding oceans.

2. Data acquisition, processing, and analysis

2.1. Acquisition of the PR dataset

The TRMM data products obtained for this study were
the qualitative rain characteristics field (TRMM prod-
uct 2A23) and the gridded, attenuation-corrected three-
dimensional reflectivity field (product 2A25). Version
5 of the 2A23 and 2A25 products (Awaka et al.,
1997; Iguchi et al., 2000a,b) was used. The rain-
type field includes the categorization of the echo as
convective or stratiform (see Section 2.3 below). We
corrected the 2A23 version 5 data to eliminate the
potential misclassification of shallow isolated precipita-
tion, in a manner consistent with one of the updates

Copyright  2007 Royal Meteorological Society Q. J. R. Meteorol. Soc. 133: 1389–1411 (2007)
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Figure 1. Mean wind at (a) 1000 mb and (b) 200 mb superimposed on topography. Wind data were obtained from the NOAA-CIRES Climate
Diagnostics Center, Boulder, Colorado (http://www.cdc.noaa.gov/) and plotted in MountainZebra (James et al., 2000). The colour scale shows

topography elevation in kilometres.

Rather than surface rain mapping, the goal of our
research is to gain insight into the physical mechanisms
by which the heavy monsoon precipitation is produced.
To gain this insight, we examine the three-dimensional
structure of the storms producing intense monsoon pre-
cipitation. For this we turn to meteorological radar.
Narayanan (1967) foresaw radars as providing ‘better
insight into the intricacies of the hitherto hidden phenom-
ena of monsoon clouds. . .’ Specifically, we analyze data
from the satellite-borne Precipitation Radar (PR) on the
Tropical Rainfall Measuring Mission (TRMM) satellite
(Kummerow et al., 1998; Kummerow et al., 2000). The
satellite-borne radar is especially well suited for deter-
mining storm structure in mountainous regions since it
points downwards from high altitude. It can detect pre-
cipitation (with a horizontal resolution of ∼5 km) both
over peaks of terrain and within valleys, which would be
blocked from the view of a ground-based radar (Joss and
Waldvogel, 1990). The TRMM satellite’s orbit (which
is confined between 36 °N and 36 °S) results in multiple
daily samples of the South Asian region, including the
Himalayas. Since its launch in late 1997, the TRMM PR

has accumulated a climatological sample of radar data
over the monsoon region. Our objective is to use the
TRMM PR data to assess the three-dimensional struc-
tures of the radar echoes in the Himalayan region in
relation to the details of the topography and proximity
to surrounding oceans.

2. Data acquisition, processing, and analysis

2.1. Acquisition of the PR dataset

The TRMM data products obtained for this study were
the qualitative rain characteristics field (TRMM prod-
uct 2A23) and the gridded, attenuation-corrected three-
dimensional reflectivity field (product 2A25). Version
5 of the 2A23 and 2A25 products (Awaka et al.,
1997; Iguchi et al., 2000a,b) was used. The rain-
type field includes the categorization of the echo as
convective or stratiform (see Section 2.3 below). We
corrected the 2A23 version 5 data to eliminate the
potential misclassification of shallow isolated precipita-
tion, in a manner consistent with one of the updates

Copyright  2007 Royal Meteorological Society Q. J. R. Meteorol. Soc. 133: 1389–1411 (2007)
DOI: 10.1002/qj

Houze	  et	  al.,	  2007	  

Upper	  
Troposphere	  

Lower	  
Troposphere	  



Mul3-‐plaform	  approach	  

The	  A-‐Train	   Data	  
•  CloudSat:	  radar	  

reflec3vity	  
•  CALIPSO:	  lidar	  

backscaher	  
•  CERES:	  SW	  and	  LW	  

irradiances	  
•  MODIS:	  visible	  op3cal	  

depth	  
•  AMSRE-‐E:	  LWP	  

	  



Cloud	  coverage=	  85%	  



Cloud	  types 	   	   	  Top	  ht. 	   	  Thickness 	   	  RFO%	  
Thin	  cirrus	   	   	   	  >10km 	   	   	  <3km 	   	  27%	  
Thick	  cirrus 	   	   	  >10km 	   	   	  3-‐6km 	   	  23%	  
Deep	  layers 	   	   	  >6km 	   	   	  >6km 	   	  33%	  
Thin	  mid 	   	   	   	  3-‐10km	   	   	  <3km 	   	  9%	  
Thick	  mid&low 	   	  <10km	   	   	   	  3-‐6km 	   	  4%	  
Thin	  low 	   	   	   	  <3km 	   	   	  <3km 	   	  4%	  

	  

CloudSat	  Data	  Browser	  in	  Google	  Maps:	  created	  by	  Chris	  Galli,	  maintained	  by	  Quiqing	  Zhang	  



Cloud	  Proper3es	  

•  Ice	  water	  content	  and	  ice	  
effec3ve	  radius	  from	  2C-‐
ICE	  CloudSat	  data	  product	  
(Deng	  et	  al.	  2010)	  

•  Liquid	  water	  content	  and	  
liquid	  effec3ve	  radius	  
derived	  from	  Z-‐tau	  
algorithm	  during	  day	  and	  
Z-‐LWP	  algorithm	  at	  night	  
(Mace,	  2006)	  

!
Deng	  et	  al.,	  2013	  



Ice	  Water	  Path	  Climatology	  

Mean	  
median	  



Remote	  Sensing	  of	  Ice	  Hydrometeors	  



Ice	  Water	  Path	  Distribu3on	  

Separate	  cloud	  and	  precipita3ng	  IWP	  following	  Waliser	  et	  al.,	  2009	  

“cloud	  mode”	  	  
represents	  34%	  of	  ice	  mass	  

“precipita3on	  mode”	  	  
represents	  66%	  of	  ice	  mass	  

• 	  Precipita3ng/Convec3ve	  profiles	  iden3fied	  using	  the	  2B-‐CLDCLASS-‐LIDAR	  	  dataset	  
• 	  22%	  of	  profiles	  are	  ice-‐free	  	  



Methods	  adopted	  from	  Mace,	  2010	  
•  Use	  microphysical	  proper3es	  (water	  content	  
and	  effec3ve	  radius)	  to	  calculate	  radia3ve	  
proper3es	  	  

•  Radia3ve	  transfer	  model	  (Toon	  et	  al.,	  1989)	  
•  Inputs:	  single-‐scahering	  albedo,	  ex3nc3on	  
coefficient,	  asymmetry	  parameter	  

•  Outputs:	  SW	  and	  LW	  radia3ve	  fluxes	  

	  



Retrieved	  
Quan33es	  	  

? 	  ? 	  ? 	  ? 	  ? 	  ?	  

Deep	  Layer	  Example	  



Retrieved	  
Quan33es	  	  Thick	  Cirrus	  Example	  



Cloud	  Radia3ve	  Effects	  

CRE	  =	  (F↓	  -‐	  F↑)	  All	  –	  (F↓	  -‐	  F↑)	  Clear	  

TOA	  

Solar 	   	   	   	  IR 	   	   	   	  Net	  

night	  

cirrus	  
High	  
top	  
thick	  Thin	  low	  cloud	  

Deep	  
cloud	  

Thin	  
cirrus	  

Thick	  	  
cirrus	  

Low	  
cloud	  



Cirrus	  effects	  on	  energy	  budget	  

Ackerman	  et	  al.,	  1988	  

How	  would	  this	  vary	  as	  a	  func3on	  
of	  IWP	  for	  observed	  clouds?	  



Which	  cirrus	  contribute	  most	  to	  hea3ng?	  

solar	  

net	  
IR	  

Mean	  net	  CRF	  at	  TOA	  for	  Cirrus=	  21Wm-‐2	  

Cirrus:	  Top	  Height	  >	  10km	  	  Thickness	  0-‐6km	  



Conclusions	  

•  Cirrus	  and	  deep	  layers	  dominate	  	  
•  Mean	  value	  alone	  is	  not	  representa3ve	  for	  IWP	  
•  Radar	  and	  lidar	  needed	  to	  describe	  IWP	  
•  Net	  zero	  Cloud	  Radia3ve	  Effect	  at	  TOA	  
•  Cirrus	  layers	  with	  IWP	  ~	  20g/m2	  contribute	  
most	  to	  hea3ng	  


