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VIII.	
  SIMULATED	
  DOPPLER	
  VELOCITY	
  

VIIII.	
  SUMMARY	
  AND	
  FUTURE	
  WORK	
  

ObservaQons	
   from	
   passive	
   and	
   acQve	
  microwave	
   sensors	
   onboard	
   satellite	
   or	
   ground-­‐based	
   are	
  
used	
  to	
  study	
  a	
  heavy	
  precipitaQon	
  system	
  associated	
  with	
  a	
   landfalling	
  winter	
  cyclone	
   in	
  the	
  US	
  
West	
   Coastal	
   region.	
   The	
   structure	
   and	
   evoluQon	
   of	
   the	
   system	
  were	
  well	
   captured	
   by	
   the	
   high	
  
frequency	
  channels	
  of	
  AMSR-­‐E	
  and	
  an	
  S-­‐band	
  precipitaQon	
  profiling	
  (S-­‐prof)	
  radar.	
  WRF	
  simulaQons	
  
with	
  4	
  different	
  microphysics	
  schemes	
  show	
  discrepancies	
   in	
  the	
  verQcal	
  profiles	
  of	
  hydrometeor	
  
species.	
  Customized	
  simulaQons	
  of	
  brightness	
  temperature,	
   reflecQvity	
  and	
  doppler	
  velocity	
  have	
  
been	
  developed	
  for	
  these	
  schemes.	
  Analysis	
  of	
  simulated	
  brightness	
  temperatures	
  show	
  that	
  the	
  
simulated	
  sca.ering	
  is	
  considerably	
  stronger	
  than	
  the	
  observaQons,	
  possibly	
  due	
  to	
  a	
  large	
  amount	
  
of	
  snow	
  and/or	
  graupel.	
  The	
  major	
  contributor	
  to	
  sca.ering	
  is	
  snow	
  in	
  the	
  GSFC	
  and	
  MORR	
  runs,	
  
while	
  it	
  is	
  graupel	
  in	
  the	
  WSM6	
  run.	
  The	
  simulated	
  reflecQvity	
  and	
  doppler	
  velocity	
  are	
  evaluated	
  
with	
   the	
   radar	
   observaQons.	
   ReflecQvity	
   simulated	
   with	
   GSFC,	
   WSM6,	
   and	
   MORR	
   schemes	
   are	
  
stronger	
   than	
   the	
   observaQons,	
   parQcularly	
   in	
   the	
   snow	
   layer.	
   THOM	
   scheme	
   show	
   a	
   be.er	
  
agreement	
   to	
   the	
   observed	
   reflecQvity.	
   Simulated	
   doppler	
   velocity	
   generally	
   agrees	
   with	
   the	
  
observaQons.	
  GSFC	
  has	
  a	
  be.er	
  agreement	
  than	
  WSM6	
  and	
  MORR	
  in	
  the	
  snow	
  layer.	
  Performance	
  
of	
  model	
   simulaQng	
   doppler	
   velocity	
   in	
   the	
   rain	
   layer	
   varies	
  with	
   respect	
   to	
   the	
   locaQon	
   of	
   the	
  
sites.	
   Future	
  work	
  will	
   focus	
   on	
   in-­‐depth	
   understanding	
   of	
   how	
   the	
   differences	
   in	
  microphysical	
  
schemes	
   lead	
   to	
   the	
   discrepancies	
   of	
   brightness	
   temperature,	
   reflecQvity	
   and	
   doppler	
   velocity	
  
simulaQons.	
  

Doppler	
  velocity	
  is	
  simulated	
  for	
  GSFC,	
  WSM6,	
  and	
  MORR	
  schemes	
  at	
  the	
  S-­‐prof	
  sites.	
  The	
  doppler	
  
velocity	
   (dopvel)	
   is	
   the	
   sum	
   of	
   hydrometeor’s	
   terminal	
   velocity	
   and	
   verQcal	
   air	
   moQon	
   for	
   the	
  
verQcal	
  poinQng	
  radar.	
  The	
  	
  total	
  terminal	
  velocity	
  is	
  reflecQvity-­‐weighted:	
  

€ 

Vt =Vts+g+r =
Nsσs(D)Vs(D)dD+ Ngσg (D)Vg (D)dD+ Nrσr (D)Vr (D)dD∫∫∫

Nsσs(D)dD+ Ngσg (D)dD+ Nrσr (D)dD∫∫∫

€ 

Vx = axD
bx (ρ0

ρ
)c,	
  where	
  	
  	
  	
   is	
  the	
  parQcle	
  fall	
  velocity.	
  See	
  Fig.	
  10	
  (right)	
  	
  	
  	
  	
  	
  	
  

Fig.	
  12	
  (below):	
  
Histogram	
  for	
  
simulated	
  
doppler	
  velocity	
  

• 	
  WSM6	
  and	
  MORR	
  have	
  faster	
  dopvel	
  than	
  GSFC	
  in	
  
snow	
  layer	
  
• 	
  GSFC	
  dopvel	
  is	
  comparable	
  to	
  Obs.	
  in	
  snow	
  layer	
  
• 	
  Simulated	
  dopvel	
  in	
  rain	
  layer	
  vary	
  with	
  respect	
  to	
  
locaQons	
  
	
  	
  1)	
  ATA:	
  both	
  GSFC	
  and	
  WSM6	
  are	
  slower	
  than	
  Obs.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  MORR	
  agrees	
  with	
  Obs.	
  be.er	
  	
  
	
  	
  2)	
  CFC:	
  all	
  schemes	
  are	
  faster	
  than	
  Obs.	
  
	
  	
  3)	
  CZC:	
  schemes	
  appear	
  closer	
  to	
  Obs.	
  

To	
   understand	
   why	
   the	
   simulated	
   reflecQvity	
   have	
   large	
   differences	
   among	
   these	
   schemes,	
   we	
  
calculated	
  the	
  effecQve	
  radius	
  for	
  snow.	
  EffecQve	
  radius	
  is	
  defined	
  as:	
  

€ 

re =
N(D)D3dD∫
N(D)D2dD∫

,	
  following	
  McFarquhar	
  and	
  Heymsfield,	
  1996.	
  

Fig.	
  9	
  (right):	
  Histogram	
  of	
  snow	
  effec-ve	
  radius	
  at	
  
10	
  UTC	
  30	
  Dec.	
  2005.	
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• 	
  GSFC,	
  WSM6	
  and	
  MORR	
  have	
  more	
  larger	
  snow	
  parQcles	
  
• 	
  MORR	
  has	
  more	
  parQcles	
  larger	
  than	
  2	
  mm	
  
• 	
  THOM	
  has	
  more	
  small	
  parQcles	
  

Fig.	
  10:	
  Par-cle	
  fall	
  velocity	
  

for	
   the	
   relaQonship	
   of	
   V	
   and	
   D	
   for	
   rain	
   (crosses),	
   graupel	
  
(triangles),	
  snow	
  (stars)	
  parQcles.	
  

• 	
  MelQng	
  band	
  is	
  not	
  captured	
  in	
  
simulaQons	
  
• 	
  Different	
  precipitaQon	
  structure	
  
shown	
  along	
  with	
  frontal	
  passage	
  	
  
• 	
  ReflecQvity	
  magnitudes:	
  
	
  	
  1)	
  GSFC	
  and	
  WSM6	
  appears	
  
similar:	
  agree	
  to	
  Obs.	
  well	
  in	
  the	
  
rain	
  layer,	
  too	
  strong	
  reflecQvity	
  in	
  
the	
  snow	
  layer	
  
	
  	
  2)	
  THOM	
  agrees	
  well	
  with	
  Obs.	
  
	
  	
  3)	
  MORR	
  are	
  too	
  strong,	
  in	
  rain	
  
and	
  snow	
  layers.	
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PSD	
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VII.	
  SIMULATED	
  REFLECTIVITY	
  

All	
   the	
   hydrometeor	
   species	
   in	
   these	
  
schemes	
  adopt	
  a	
  gamma	
  funcQon:	
  

with	
   the	
   shape	
   factor	
  equal	
   to	
   zero	
   (or	
  
exponenQal	
   funcQon)	
   and	
   are	
   assumed	
  
as	
  sphere	
  shapes,	
  except	
  snow	
  in	
  THOM	
  
scheme.	
   The	
   la.er	
   uses	
   a	
   PSD	
  
assumpQon	
  following	
  Field	
  et	
  al.	
   (2005)	
  
with	
  a	
  m-­‐D	
  relaQonship	
  of	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  .	
  	
  

Table	
  1:	
  PSD	
  assump-ons	
  for	
  4	
  schemes	
  

€ 

N(D) = N0D
µe−λD

Fig.	
  5	
  (right):	
  Mean	
  profiles	
  of	
  different	
  
hydrometeor	
  species	
  at	
  10	
  UTC	
  31	
  Dec.	
  2005.	
  

• 	
  GSFC:	
  more	
  snow,	
  shallower	
  cloud	
  liq.	
  
• 	
  WSM6:	
  least	
  snow,	
  most	
  graupel	
  
• 	
  THOM:	
  least	
  cloud	
  ice,	
  least	
  graupel	
  
• 	
  MORR:	
  similar	
  snow	
  and	
  cloud	
  liq.	
  to	
  THOM,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  moderate	
  amount	
  of	
  graupel	
  

Customized	
  reflecQvity	
  is	
  calculated	
  for	
  each	
  simulaQon	
  with	
  different	
  microphysics	
  scheme.	
  	
  	
  	
  

For	
  spheres,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ;	
  

€ 

Ze ∝ D6N(D)dD
Dmin

Dmax∫ For	
  snow	
  in	
  THOM	
  (non-­‐spheres),	
  	
  	
  

€ 

Ze ∝ m(D)2N(D)dD
Dmin

Dmax∫

ATA	
  

GSFC	
   WSM6	
   THOM	
   MORR	
  
ATA	
  

CFC	
  

CZC	
  

CFC	
  

CZC	
  

ATA	
  

CFC	
  

CZC	
  

ATA	
  

CFC	
  

CZC	
  

Time	
  (hour,	
  20051231)	
   Time	
  (hour,	
  20051231)	
   Time	
  (hour,	
  20051231)	
   Time	
  (hour,	
  20051231)	
  

H
ei
gh
t	
  (
km

,	
  M
SL
)	
  

H
ei
gh
t	
  (
km

,	
  M
SL
)	
  

H
ei
gh
t	
  (
km

,	
  M
SL
)	
  

GSFC	
   WSM6	
   THOM	
   MORR	
  
ATA	
  

CFC	
  

CZC	
  

ATA	
  

CFC	
  

CZC	
  

ATA	
  

CFC	
  

CZC	
  

ATA	
  

CFC	
  

CZC	
  

Fig.	
  7:	
  Simulated	
  reflec-vity	
  on	
  31	
  December	
  2005	
  

Fig.	
  8:	
  Histogram	
  for	
  simulated	
  reflec-vity	
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I.	
  INTRODUCTION	
  
On	
   December	
   30-­‐31,	
   2005,	
   a	
   landfalling	
   winter	
   cyclone	
   caused	
   intense	
   precipitaQon	
   in	
   the	
  
California	
  and	
  Nevada	
  mountain	
  and	
  valley	
  regions	
  with	
  a	
  high	
  hydrological	
  impact.	
  It	
  was	
  sampled	
  
by	
  NASA	
  satellites,	
  TRMM	
  and	
  Aqua,	
  and	
  a	
  wide	
  variety	
  of	
  ground-­‐based	
  instruments	
  deployed	
  by	
  
the	
   NOAA	
   Hydrometeorological	
   Testbed	
   (HMT)	
   program.	
   In	
   this	
   study,	
   we	
   apply	
   the	
   Advanced	
  
Microwave	
  Scanning	
  Radiometer	
  –	
  Earth	
  Observing	
  System	
  (AMSR-­‐E)	
  and	
  a	
  ground-­‐based	
  S-­‐band	
  
precipitaQon	
   profiling	
   radar	
   (S-­‐prof),	
   as	
   well	
   as	
   simulaQons	
   from	
   the	
   Weather	
   Research	
   and	
  
ForecasQng	
   (WRF)	
   model	
   to	
   invesQgate	
   the	
   precipitaQon	
   system.	
   Simulated	
   brightness	
  
temperature,	
   radar	
   reflecQviQes	
   and	
   doppler	
   velociQes	
   are	
   validated	
   with	
   the	
   observaQons.	
  
SensiQvity	
   of	
   different	
  microphysical	
   schemes	
   on	
   precipitaQon	
   structure	
   and	
   their	
   influences	
   on	
  
brightness	
  temperature,	
  reflecQvity	
  and	
  doppler	
  velocity	
  calculaQons	
  are	
  examined.	
  	
  

II.	
  BACKGROUND	
  OVERVIEW	
  
Fig.	
  1	
  (leV):	
  (a)	
  Synop-c	
  view	
  of	
  Integrated	
  
water	
  vapor	
  (shaded,	
  mm),	
  SLP	
  (contoured,	
  
hPa),	
  and	
  surface	
  winds,	
  (b)	
  Terrain	
  height	
  in	
  
California,	
  and	
  (c)	
  American	
  River	
  Basin.	
  White	
  
dots	
  indicate	
  loca-ons	
  of	
  S-­‐prof	
  sites.	
  
• 	
  Intense	
  baroclinic	
  zones	
  between	
  polar	
  and	
  
subtropical	
  air	
  masses.	
  
• 	
  Prefrontal	
  low-­‐level	
  jets	
  (LLJ)	
  in	
  the	
  cyclone’s	
  warm	
  
sector	
  transport	
  abundant	
  moisture	
  onshore	
  (oken	
  
called	
  an	
  “atmospheric	
  river”)	
  
• 	
  Highly	
  complex	
  terrain	
  in	
  California	
  (CA)	
  
• 	
  Significant	
  orographic	
  precipitaQon	
  enhancement	
  in	
  
the	
  American	
  River	
  Basin	
  

IV.	
  OBSERVATIONS:	
  S-­‐PROF	
  	
  

During	
  this	
  event,	
  S-­‐band	
  precipitaQon	
  profiling	
  radars	
  (S-­‐prof)	
  were	
  deployed	
  at	
  Alta	
  (ATA,	
  1085	
  m	
  
MSL)	
  and	
  Colfax	
  Water	
  (CFC,	
  636	
  m	
  MSL)	
  over	
  Sierra	
  Nevada,	
  and	
  Cazadero	
  (CZC,	
  475	
  m	
  MSL)	
  over	
  
coastal	
  ranges	
  by	
  NOAA’s	
  HMT	
  program,	
  see	
  Fig.	
  1b	
  for	
  locaQons	
  of	
  the	
  S-­‐prof	
  sites.	
  	
  

Fig.	
  3:	
  S-­‐prof	
  observa-ons	
  on	
  31	
  December	
  2005.	
  

• 	
  Wide-­‐spread	
  moderate	
  precip.	
  and	
  periods	
  of	
  intense	
  precip.	
  
associated	
  with	
  the	
  frontal	
  passage	
  toward	
  the	
  end	
  of	
  the	
  event.	
  
• 	
  Evident	
  bright	
  band	
  (@	
  ~3km	
  MSL)	
  and	
  secondary	
  reflecQvity	
  
maximum	
  (@	
  ~5-­‐6	
  km	
  MSL).	
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Fig.	
  4:	
  Histogram	
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III.	
  OBSERVATIONS:	
  AMSR-­‐E	
  	
  

VI.	
  SIMULATED	
  PCTs	
  

Fig.	
  2:	
  AMSR-­‐E	
  89	
  GHz	
  Tb	
  and	
  PTC	
  
at	
  10:16	
  UTC	
  31	
  Dec	
  2005	
  

• 	
  Tb	
  shows	
  a	
  plume	
  of	
  strong	
  water	
  vapor	
  flux	
  (the	
  
atmospheric	
  river)	
  reaching	
  the	
  CA	
  coastal	
  region	
  
• 	
  Tb	
  depression	
  indicates	
  sca.ering	
  by	
  precipitaQon	
  ice	
  
and/or	
  large	
  raindrops	
  near	
  coastal	
  region	
  and	
  over	
  Sierra	
  
Nevada	
  range	
  	
  
• 	
  PCT	
  (c	
  and	
  d)	
  show	
  disQnct	
  sca.ering	
  signature	
  of	
  the	
  
precipitaQon	
  system	
  

The	
   Brightness	
   Temperature	
   (Tb)	
   at	
   AMSR-­‐E	
   high	
  
frequency	
   channels,	
   89	
   GHz,	
   and	
   the	
   PolarizaQon-­‐
Corrected	
   Temperature	
   (PCT)	
   are	
   examined.	
   PCT89	
   =	
  
1.82Tb89v	
  –	
  0.82Tb89h,	
  which	
   is	
  useful	
   to	
  differenQate	
  
low-­‐emissivity	
   water	
   bodies	
   from	
   sca.ering	
   due	
   to	
  
precipitaQon	
  ice.	
  .	
  	
  

(c)	
  PCT89	
  

(a)	
  Tb89h	
  	
   (b)	
  Tb89v	
  	
  

(d)	
  PCT89	
  (close	
  view)	
  

• 	
  ReflecQvity	
  magnitude:	
  	
  Rain	
  layer:	
  25	
  –	
  45	
  dBZ;	
  Snow	
  layer:	
  	
  <	
  30	
  dBZ	
  
• 	
  Doppler	
  velocity	
  magnitude:	
  Rain	
  layer:	
  5	
  –	
  10	
  m	
  s-­‐1	
  ;	
  Snow	
  layer:	
  <	
  2	
  –	
  3	
  m	
  s-­‐1	
  

V.	
  WRF	
  SIMULATIONS	
  
High	
   resoluQon	
   WRF	
   simulaQon	
   (1.3	
   km	
   horizontal	
   spacing)	
   is	
   used	
   to	
   further	
   invesQgate	
   the	
  
precipitaQon	
   structure.	
   SimulaQons	
   with	
   four	
   different	
   microphysical	
   schemes,	
   Goddard	
   (GSFC),	
  
WSM6,	
  Thompson	
  (THOM),	
  and	
  Morrison	
  (MORR),	
  are	
  invesQgated.	
  See	
  Table	
  1	
  (below)	
  for	
  some	
  
details	
  about	
  parQcle	
  size	
  distribuQon	
  (PSD)	
  assumpQons	
  etc.	
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Fig.	
  11	
  (right):	
  
Simulated	
  
doppler	
  velocity	
  
on	
  31	
  Dec	
  2005	
  

Fig.	
  6:	
  Simulated	
  PCT89	
  (4	
  
schemes,	
  leV	
  column)	
  and	
  
par--oned	
  PCT89	
  (3	
  schemes,	
  
right	
  two	
  columns)	
  at	
  10	
  UTC	
  
31	
  Dec.	
  2005.	
  	
  

• 	
  Simulated	
  PCT89	
  are	
  lower	
  by	
  20	
  K	
  or	
  more	
  than	
  
the	
  observed	
  values,	
  indicaQng	
  the	
  simulated	
  
sca.ering	
  was	
  too	
  strong.	
  
• 	
  Snow	
  contributes	
  most	
  to	
  the	
  large	
  amount	
  of	
  
sca.ering	
  in	
  the	
  GSFC	
  and	
  MORR	
  runs	
  due	
  to	
  their	
  
dominant	
  mass	
  of	
  snow.	
  
• 	
  Graupel	
  is	
  a	
  big	
  contributor	
  to	
  sca.ering	
  in	
  the	
  
WSM6	
  run.	
  
• 	
  Graupel	
  generally	
  has	
  a	
  larger	
  contribuQon	
  to	
  
sca.ering	
  than	
  snow	
  when	
  their	
  water	
  paths	
  are	
  
comparable.	
  

.	
  

The	
   WRF	
   outputs	
   are	
   ingested	
   into	
   the	
  
Goddard	
  Satellite	
  Data	
  SimulaQon	
  Unit	
   (SDSU)	
  
to	
   calculate	
   the	
   brightness	
   temperature	
   at	
   89	
  
GHz.	
  PCT89	
  is	
  evaluated.	
  To	
  further	
  invesQgate	
  
the	
   contribuQon	
   from	
   snow	
   vs.	
   graupel,	
  
parQQoned	
  PCT89	
  is	
  also	
  calculated.	
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