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Mo/va/on	  
	  

In	   15	   years	   of	   observaTons,	   the	   TRMM	   PR	   and	   TMI	  
instruments	   have	   collected	   data	   that	   can	   be	   used	   to	  
esTmate	   the	   effecTve	   surface	   radar	   reflecTvity	   cross	  
secTon	   (σ0)	   and	   surface	   emissivity	   at	   mulTple	  
frequencies.	   The	   physical	   processes	   of	   emission	   and	  
reflecTon	   are	   related,	   and	   there	   is	   an	   a	   priori	  
expectaTon	   of	   an	   inverse	   relaTonship	   between	   the	  
two.	   Knowledge	   of	   this	   relaTonship	   can	   be	   used	   to	  
ensure	   consistency	   between	   esTmates	   of	   path-‐
integrated	  acenuaTon	  (PIA)	  and	  emissivity	   in	  the	  TMI-‐
PR	  (or	  GMI-‐DPR)	  combined	  algorithm,	  and	  may	  also	  be	  
used	   to	  esTmate	  physical	   surface	  parameters	   (such	  as	  
soil	  moisture	  or	  wind	  speed)	  in	  raining	  and	  non-‐raining	  
regions.	   Approx. 10 degrees 
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Ocean	  
Backsca>er	  	  decreases	  as	  windspeed	  increases	  near	  
nadir,	  but	  increases	  with	  windspeed	  for	  PR	  view	  angles	  
past	  10	  degrees	  as	  a	  result	  of	  increased	  surface	  
roughness.	  	  
Emissivity	  increases	  with	  windspeed	  (TMI	  view	  angle	  is	  
fixed).	  

Land	  
Backsca>er	  increases	  with	  soil	  moisture.	  
Emissivity	  decreases	  with	  soil	  moisture.	  

angle from nadir 
Purely	  a	  cartoon,	  qualita0ve	  descrip0on,	  not	  to	  scale	  

bare	  soils	  (trees/
vegetaTon	  probably	  
drop	  off	  quicker)	  

Physical	  Basis	  

Water	  surface	  applica/on:	  	  
Coupled	  Radar-‐Radiometer	  Wind	  Retrieval	  
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The	   inverse	   relaTonship	   observed	   between	   σ0	   and	   emissivity	   over	  most	   land	  
areas	  is	  largely	  a	  funcTon	  of	  soil	  moisture.	  In	  the	  plots	  below,	  the	  occurrence	  of	  
negaTve	  emissivity	  anomalies	  and	  posiTve	  σ0	  anomalies	  is	  coincident	  with	  high	  
soil	   moisture	   due	   to	   rain	   events.	   Knowledge	   of	   soil	   moisture	   (via	   coincident	  
esTmaTon	  from	  TMI	  or	  interpolaTon	  of	  Tme	  series)	  can	  be	  used	  to	  reduce	  the	  
uncertainty	  in	  PIA	  over	  land,	  where	  σ0	  variability	  is	  higher	  than	  over	  water,	  and	  
ensure	  consistency	  between	  the	  σ0	  and	  emissivity	  values	  used	  in	  the	  combined	  
rainfall	  algorithm.	  

TRMM	  ObservaTons	  and	  Surface	  ProperTes	  of	  Licle	  Washita	  Watershed,	  OK	  during	  MC3E	  

The	  radar	  reflecTvity	  cross-‐secTon	  is	  most	  sensiTve	  to	  wind	  at	  
low	  wind	  speeds,	  whereas	  emissivity	  is	  more	  sensiTve	  at	  high	  
speeds.	  Combining	  both	  results	  in	  becer	  constraint	  across	  full	  
wind	  spectrum	  and	  improved	  esTmates	  of	  cloud	  water	  (which	  
does	   not	   significantly	   acenuate	   σ0	   but	   impacts	   radiometer	  
Tbs).	   In	   raining	   regions,	   the	  combined	  approach	  can	  be	  used	  
to	  simultaneously	  esTmate	  surface	  wind	  and	  path-‐integrated	  
acenuaTon	   from	   rain,	   although	   there	   is	   some	   ambiguity	  
because	  PIA	   is	  dependent	  upon	  the	   rain	  DSD.	  This	  ambiguity	  
should	  be	   reduced	   in	   the	  GPM	  era	  because	  DPR	  will	  provide	  
addiTonal	  constraints	  on	  the	  DSD	  and	  PIA.	  
	  
This	  example	  retrieval	  of	   the	  wind	  field	  near	  Hurricane	   Irene	  
(2011)	   illustrates	   the	   feasibility	   of	   such	   retrievals.	   Note	   that	  
the	   calm	   eye	   region	   and	   surrounding	   eyewall	   windfield	   are	  
represented,	  even	  in	  the	  presence	  of	  heavy	  rain.	  	  

A	  database	  of	  co-‐located	  σ0	  and	  emissivity	  esTmates	  is	  being	  built	  from	  the	  enTre	  15-‐year	  
TRMM	  record.	  This	  database	  is	  precipitaTon	  and	  (opTonally)	  cloud-‐cleared.	  EmissiviTes	  are	  
esTmated	  using	  the	  MERRA	  or	  VIRS-‐derived	  skin	  temperature	  (for	  cloud-‐cleared	  scenes)	  and	  
MERRA	  atmospheric	  profile.	  For	  each	  month,	  the	  emissivity-‐σ0	  covariance	  matrix	  is	  computed	  
for	  every	  0.25°	  grid	  box	  for	  each	  PR	  angle	  bin	  (above	  images	  are	  a	  sample	  of	  this	  database).	  

Self-‐similar	  surfaces	  are	  idenTfied	  and	  clustered	  as	  shown	  above.	  The	  emissivity	  
spectrum	  and	  angular	  dependence	  of	  σ0	  display	  many	  different	  behaviors	  for	  the	  
different	  clusters,	  as	  a	  result	  of	  differences	  in	  vegetaTon	  cover,	  surface	  roughness,	  
water	  coverage.	  The	  angular	  and	  frequency	  dependence	  of	  the	  correlaTon	  between	  σ0	  
and	  emissivity	  is	  also	  highly	  variable	  between	  the	  different	  clusters.	  
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