
Global	   Precipita.on	   Measurement	   (GPM)	   started	   as	   an	  
interna.onal	   mission	   and	   follow-‐on	   mission	   of	   the	   Tropical	   Rainfall	  
Measuring	   Mission	   (TRMM)	   project	   to	   obtain	   more	   accurate	   and	  
frequent	   observa.ons	   of	   precipita.on.	   Japan	  Aerospace	   Explora.on	  
Agency	   (JAXA)	   is	   in	   charge	   of	   developing	   GPM/Dual-‐frequency	  
Precipita.on	   Radar	   (DPR)	   algorithms	   as	   the	   sensor	   provider	   and	  
producing	   and	   delivering	   hourly	   global	   precipita.on	   map	   to	   make	  
useful	   for	  various	   research	  and	  applica.on	  areas.	   In	  order	   to	   secure	  
the	   quality	   of	   precipita.on	   es.mates,	   ground	   valida.on	   (GV)	   of	  
satellite	  data	  and	  retrieval	  algorithms	  is	  essen.al.	  

Algorithm	  valida.on	  

Rainfall	  rate,	  Rain	  accumula.on	  
Liquid/Ice	  water	  content,	  
Precipita.on	  type	  classifica.on,	  
Latent	  heat	  release,	  ….	  

Physical	  values	  

DSD	  (drop	  size	  distribu.on),	  
Classifica.on	  (Convec.ve/Stra.form),	  

k-‐Z	  rela.on,	  Par.cle	  type,	  
temperature	  &	  humidity	  profile,	  
Mel.ng	  layer	  model,	  
Gaseous	  aVenua.on,	  …	  

Algorithm	  

Engineering	  values	  

Transmit	  power,	  
Received	  power,	  
Antenna	  beam	  
direc.on	  

Sensor	  hardware	  calibra.on	  
(Level1	  data	  valida.on)	  

Products	  valida.on	  
(Level	  2	  and	  3	  data	  valida.on)	  

Dual	  Ka-‐radar	  system	  
Mobile	  precipita.on	  observa.on	  system	  	

were	  developed.	

Two-‐way	  obs.	  with	  Ka	  
radars	  
	  Direct	  es4ma4on	  of	  k	  
and	  Ze	  in	  Ka-‐band	

Dual-‐frequency	  radars	  	  	  
Verifica4on	  of	  DPR	  
algorithm	  with	  actual	  radar	  
data	

Snow	

Mel4ng	  
Layer	

Rain	

Precipita4on	  Par4cle	  Observa4on	  Systems	

Precipita4on	  par4cle	  obs.	  	  
DSD,	  falling	  velocity,	  density,	  feature,	  
temp.,	  etc.	

Direct	  observa4on	  of	  parameters	  of	  precipita4on	  par4cles	  
(assump4ons)	  and	  Ze	  and	  k	  (es4ma4ons)	  

Observa4on	  for	  rain,	  dry	  snow,	  
wet	  snow	  and	  mel4ng	  layer	  will	  
provide	  the	  rela4onship	  
between	  various	  precipita4on	  
par4cle	  features	  and	  k	  and	  Ze.	

3m	

2m	

• 2Dimensional	  Video	  distrometer	  (2DVD)	  
• Joss-‐type	  disdrometer	  
• Op.cal	  rain	  gauge	  
• Tipping	  bucket	  rain	  gauge	  
• Micro-‐rain	  radar	  
• Wind	  direc.on	  &	  speed	  
• Thermo-‐hygrometer	  
• Parsival	  (Laser	  Op.cal	  disdrometer)	  

Specifica(on	

Frequency	 35.25	  GHz	  (Ka-‐band)	

Minimum	  Detect	  Zm	 -‐20	  dBZ	  at	  10	  km	

Range	  Resolu4on	 <	  50m	

Doppler	  Velocity	 >	  ±10	  m/s	

Observable	  range	 From	  500	  m	  to	  30	  km	  

Antenna	  beam	  width	 0.6	  deg	  

Antenna	  Sidelobe	 25	  dBZ	  >	  

	  System	  evalua.on	  

Simultaneous	  observa.on	  of	  Ka	  
radar	  and	  Disdrometer 

Comparison	  between	  Ka	  radar	  and	  well-‐calibrated	  radar	  (C-‐band	  
Okinawa	  Bista.c	  Polarimetric	  Radar	  (COBRA)	  	  and	  Disdrometer	  for	  
system	  evalua.on.	  

Time-‐height	  cross	  sec.ons	  of	  radar	  reflec.vity	  measured	  
by	  COBRA	  (upper)	  and	  Ka	  radar	  (lower) 

Simultaneous	  observa.on	  of	  
COBRA	  and	  Ka	  radar 

ScaVer	  diagram	  of	  radar	  reflec.vity	  by	  a	  
Ka-‐radar	  and	  C-‐band	  radar. 

ScaVer	  diagram	  of	  radar	  reflec.vity	  by	  a	  Ka-‐radar	  and	  a	  
disdrometer 

Ka	  radar	  has	  good	  performance	  quan.ta.vely	  for	  GV	  experiments.	  	  

• Similar	  cross	  sec.ons	  of	  reflec.vity	  between	  Ka	  radar	  and	  COBRA	  
• Good	  correla.on	  of	  reflec.vi.es	  on	  scaVer	  diagrams	  with	  COBRA	  
and	  disdrometer	  

Time	  series	  rainfall	  intensity	  observed	  
by	  the	  op.cal	  rain	  gauge	

2011/04/04	  07:00-‐08:59	

Time-‐height	  cross	  sec.ons	  of	  radar	  reflec.vity	  measured	  
by	  Ka	  radar 

ScaVer	  diagram	  of	  radar	  reflec.vity	  by	  a	  Ka-‐radar	  
@250m	  (lowest	  height)	  	  and	  a	  disdrometer 

Rainfall	  intensity	  on	  the	  ground	

ZKa-‐radar	  @	  250m	  (lowest	  height)	

Z_disdrodisdro@Ka-‐band	

Time	  series	  rainfall	  intensity	  observed	  by	  the	  op.cal	  rain	  gauge	  and	  
radar	  reflec.vity	  observed	  by	  Ka	  radar	  (250m	  heigh)	  and	  disdrometer	

Results	  

Okinawa	  Campaign	  Observa.on	  

①	 ②	 ③	 ④	

①	 ②	 ③	 ④	

Loca.ons	  of	  the	  Ka	  radars	  for	  two-‐way	  measurements	  in	  Okinawa Time	  series	  of	  reflec.vity	  profiles	  of	  Ka	  radars 

Reflec.vity	  (Zm	  and	  Ze)	  profiles	  from	  two	  Ka	  radars Time	  series	  of	  Ze	  and	  k	  es.mated	  from	  Ka	  radar	  and	  disdrometer 

Time	  series	  of	  ver.cal	  reflec.vity	  profiles	  of	  Ka	  radars 

Ver.cal	  profile	  of	  reflec.vity	  at	  each	  .me,	  ①,	  ②,	  ③,	  and	  ④ 

Mt.	  Fuji	  Campaign	  Observa.on	  
Ka-‐radar	  (SN002)
Fujigane	  Park	  
35°	  25'	  39"	  N,	  
138°	  36'	  41.86"	  E	  
1009	  m	  

Mobile	  precipita.on	  
observa.on	  system	  
35°	  23'	  59.6"N,	  	  
138°	  41'	  33.6"E	  
1864	  m	  

Ka-‐radar	  (SN001)	  
5th	  Step	  
35°	  23'	  37.7"N,	  	  
138°	  43'	  44.9"E	  
2287	  m	  

Ka-‐radar	  (SN002)	

MP-‐X	  (Nagoya	  Univ.)	 Ka-‐radar	  (SN001)	

Loca.ons	  of	  the	  Ka	  radars	  for	  two-‐way	  measurements	  in	  Mt.	  Fuji The	  rela.onship	  between	  ground	  cluVer	  and	  topography	   

Ka-‐radar	  (SN002)	

Ka-‐radar	  (SN001)	

Ka-‐radar	  (SN001)	Ka-‐radar	  (SN002)	

Reflec.vity	  (Zm	  and	  Ze)	  profiles	  from	  	  
two	  Ka	  radars 

Time	  series	  of	  polarimetric	  parameter	  
profiles	  of	  Ka	  MP-‐X	  (EL=7.5deg,	  Δx=150m) 

The	  horizontal	  distribu.on	  of	  radar	  
reflec.vity	  observed	  by	  JMA	  radar 

-‐6.4	  deg	

7.4	  deg	

Time	  series	  of	  reflec.vity	  profiles	  of	  Ka	  radars 

Ka-‐radar	  (SN001)	

Ka-‐radar	  (SN002)	

Time	  series	  rainfall	  intensity	  observed	  
by	  the	  op.cal	  rain	  gauge	

Time	  series	  of	  Z	  and	  k	  es.mated	  from	  
disdrometer 

The	  k	  -‐	  Z	  rela.onship	  es.mated	  
from	  disdrometer 
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