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facebook 

“TEEDDA” 

CREW4	
  in	
  Grainau,	
  Germany,	
  SESSION	
  3:	
  NOWCASTING	
  AND	
  SEVERE	
  WEATHER	
  APPLICATIONS	
  
Thursday	
  6	
  March	
  2014,	
  	
  9:15-­‐9:30	


(Terrestrial	
  Energy	
  EsWmaWon	
  by	
  Diurnal	
  Data	
  Analyses)	
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バーチャルエコ住宅の事例（品川区＋工学院大学から引用）	
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Our	
  Goal	




History	
  of	
  our	
  interests,	
  moWvaWon	


 MODTRAN	
  
  DISORT	
  
  RSTAR	
  
  6S…	


1980’-­‐	
  Progress	
  of	
  radiaWve	
  Transfer	


  Nakajima&King	
  
  Han&Rossow	
  
  Nakajima	
  et	
  al.	
  
  Scabering	
  theories	


1990’-­‐	
  	
  	
  Cloud	
  Retrieval	


  A-­‐Train	
  (radar/lidar/imager)	
  
  2nd	
  generaWon	
  GEO	
  
  Non-­‐hydrostaｔic	
  model	


2000’-­‐	
  Cloud	
  ObservaWon	
  
Technique	


Earth	
  science	
  
community	
  can	
  
contribute	
  to	
  	
  the	
  
energy	
  problem	
  !	
  

 Cloud	
  properWes	
  
 Aerosol	
  properWes	
  
 Water	
  vapor	
  
 Solar	
  flux,	
  Wind,	
  Ground	
  Temp.	
  
 3rd	
  GeneraWon	
  GEO	
  from	
  2015	
  

2015’-­‐	
  Near	
  real	
  Wme	
  esWmaWons	


  Climate	
  Change	
  
  Anomaly	
  of	
  Nuclear	
  Pwr	
  Plnt	
  
  Control	
  System	
  Community	
  
  Electric	
  Power	
  Community	
  
  Renewable	
  Energy	
  Community	
  

2010’-­‐	
  Electric	
  Power	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  source	
  problem	


nucle
ar; 

30,8%	


coal; 
23,8%	


hydr
o; 

7,8%	


gas; 
27,2%	


oil; 
8,3%	


pump
ed-

stora
ge; 
0,9%	


rene
wabl
e; 

1,2%	


Supply	
  &	
  	
  Demand	
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　Leading	
  Group	
  
　(Tokai	
  University)	
  

CollaboraWon	
  
Group	
  
	
  (University	
  of	
  Tokyo)	
  

CollaboraWon	
  
Group	
  
(Chiba	
  University)	
  

・	
  ValidaWon	
  
・	
  Satellite	
  data	
  collecWons	


・ Overall	
  
・	
  Improve	
  sunlight	
  esWmaWon	
  system	
  
・	
  Satellite	
  data	
  receiving,	
  analysis	
  

・	
  Improve	
  sunlight	
  esWmaWon	
  
system	
  	

・	
  Model	
  development	
  

JMA	
  
Met.	
  Sat.	
  Center	


・	
  Usability	
  of	
  the	
  satellite	
  data	
  
・	
  OperaWonal	
  system	
  research	
  

Geoscience	
  
Team	


＊Takashi	
  Nakajima	
  (PI),	
  K.	
  Cho	
  
	
  	
  	
  	
  	
  H.	
  Yokotsuka,	
  T.	
  Kurino,	
  K.	
  Bessho,	
  
	
  	
  	
  	
  	
  K.	
  Aoki…	


＊Teruyuki	
  Nakajima	
  
　　H.	
  Takenaka	
  
　　　　　T.	
  Inoue	


＊Tamio	
  Takamura	
  
H.	
  Irie,	
  H.	
  Kuze	
  
K.	
  Pradeep…	
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Funding:	
  CREST	
  by	
  JST	
  
Energy	
  Management	
  System	
  (EMS)	




Satellite	


Models	

ValidaWon	


Suite	
  
package	


5	


Concept	

Physical	
  theories,	
  	
  
no	
  empirical.	


EsWmaWon	
  of	
  the	
  Geophysical	
  
parameters	
  ,on	
  any	
  moments	
  
at	
  any	
  places,	
  considering	
  
future	
  climate	
  on	
  the	
  globe.	
  	
  



Scabering	
  theory	
  and	
  RadiaWve	
  transfer	
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Spherical	
  parWcle	


Hexagonal	
  column	


Mie	
  scabering	
 RadiaWve	
  
Transfer	
  
Model	
  
(RTM)	


1st	
  Physical	
  Principle	
  approach	


Exact	
  spectral	
  radiance,	
  L	
	
 	


Scabering	
  theory…　	


RadiaWve	
  Tranfer	
  Model	
  (RTM)…	
  
Nakajima	
  et	
  al.	
  1986,	
  1988	
  and	
  so	
  on…	


∫　L(t,	
  λ)　dt	
  
∫　L(t,	
  λ)　dλ	
	


∫　L(t,	
  λ)r(λ)	
  dλ	

Rayleigh	
  
scabering	
  

We	
  can	
  integrate	
  L	
  as	
  we	
  like	
  !	




Direct	
  and	
  Diffuse	
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D
ecrease	
  w

ith	
  CO
T	
  increase	


decreasing	
  flux	
  at	
  surface	


(λ=0.5µm)	


SimulaWon	
  by	
  1st	
  Physical	
  Principle	
  approach	
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Crystal	
  Silicon	
  PV	
  
sensiWvity	
  funcWon	
  	
  	
  r(λ)	
  

Wavelength	
  	
  (µm)	


Transmibance	
  of	
  atmosphere	
  (US	
  Standard)	

Tr
an
sm

ib
an
ce

	


A	
  Case	
  of	
  Clear	
  Sky	
  	


Ozone	


O2	


PV	
  panel	
  captures	
  sunlight	
  from	
  0.38	
  ~	
  1.1	
  µm	


PV	
  panel	




Cloud properties SW Flux	


Diffuse	


Direct	


Geostationary satellite images	
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by	
  CAPCOM	
 by	
  EXAM	
  SYSTEM	
  (NN	
  technique)	


Takenaka	
  et	
  al	
  (2011)	


Nakajima	
  &	
  Nakajima	
 Takenaka	
  et	
  al.	
  	




y=0.992x+33.54	
  
r=0.93	
  

rms=79.41	
  

Large	
  discrepancy	
  due	
  to	
  	
  fracWonal	
  
cloud	
  cover.	
  We	
  will	
  invesWgate	
  
validaWon	
  strategy.	


SKYNET ＠Chiba Univ. (2006/3)	


Validation of sunlight	
ValidaWon	


Takenaka	
  et	
  al.	
  2011	
  	


One-­‐day	
  
Clear	
  

One-­‐day	
  
Cloudy	


Broken	
  
clouds	
AM:	
  Cloudy	
  

PM:	
  Clear	
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Waseda	
  University	


Use	
  of	
  solar	
  irradiance	
  data	
  for	
  esWmaWng	
  
PV	
  powers	
  in	
  town-­‐to-­‐city-­‐size	
  area,	
  when	
  
recovering	
  from	
  anomaly	
  of	
  power	
  supply.	


Step 1 : 予測	


　電力需要量の予測	


　給湯需要量の予測	


電力システムからの要求	


　制御量，電力価格	


その他の予測データ	


　太陽光発電量，太陽熱取得量	


　天気，外気温，湿度	


前日	


Step 2 : 計画	


　需要家にとって最適な運転計画を立てる	


Step 3 : 運用	


　運転計画を基に，実際の	


　状況に応じた調整を行う	


当日	


リアルタイム計測データ	


　太陽光発電量，太陽熱取得量	


　天気，外気温，湿度，室温	


　電力消費量，給湯消費量	


電力システムからの要求	


　緊急制御量	


過去の計測データ	


　電力消費量，給湯消費量	


OpWmizing	
  the	
  power	
  supply	
  system	
  in	
  
Home	
  Energy	
  Management	
  System	
  
(HEMS)	


University	
  of	
  Tokyo	
  

Keio	
  University	


Control	
  of	
  the	
  distributed	
  energy	
  
management	
  systems	
  with	
  70%	
  power	
  from	
  
renewable	
  energy.	
  

Tokyo	
  InsWtute	
  of	
  Technology	
  	


Control	
  the	
  power	
  system	
  based	
  on	
  
minute-­‐to-­‐day	
  predicWon.	
  	




Ver*cal	
  Slicing	
  of	
  Re	
  using	
  SWIR	
  bands	
  ?	
  	
  Challenging	


*MODIS/Terra	
  over	
  ocean	
  in	
  July	
  2006	


Different	
  depth	
  &	
  Different	
  sensi*vi*es	
  to	
  droplet	
  size	
  may	
  induce	
  the	
  differences.	


R37	
 R21	
 R16	

More	
  invesWgaWons,	
  	
  

•  Need	
  separaWng,	
  VerWcal	
  inhomogeneity,	
  
Horizontal	
  inhomogeneity	
  effects,	
  3D	
  RT	
  effect.	
  

•  Simulate	
  cloud	
  remote	
  sensing	
  using	
  a	
  spectral-­‐
bin	
  microphysical	
  cloud	
  model.	
  

Re21	
  (2.1µm)	
 Re16	
  (1.6µm)	
Re37	
  (3.7µm)	


12	




Visualizing	
  the	
  cloud	
  growth	
  process	
  from	
  space	

Nakajima	
  et	
  al.	
  	
  (JAS,	
  	
  2010b),	
  Suzuki	
  et	
  al.	
  (JAS,	
  	
  2010b)	


July	
  2006,	
  One	
  month	
  data	
  of	
  the	
  Aqua/MODIS	
  and	
  CloudSat/CPR	


CDR	
  (by	
  MODIS)=10-­‐12µｍ	
 CDR	
  (by	
  MODIS)=14-­‐16µｍ	
 CDR	
  (by	
  MODIS)=25-­‐30µｍ	


Condensation	
 Collision	
 Coalescence	
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3rdgeneration GEOs + LEOs	
 

3rd generation GEO satellites 
   High Freq.（10 min - 2.5min.） 
   16chs. imager 

 LEO satellites 
   Low Freq.（１/Day） 
   36ch imager (horizontal) 
   Radar, Lidar (Vertical) 

High frequency	


Low Frequency but multi- 
parameters, vertical … 

Himawari will be  
in operation in 2015. 	


Altitude= 35,800km 

Alt~800km 

Clouds	
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Summary	


Satellite	
  
data	


PreparaWon	
  
process	


VisualizaWon	

EXAM	
  
SYSTEM	
  
Sunlight	


NWP	
  data	
  
process	


CAPCOM	
  
Cloud	
  
analysis	
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1，Near	
  realWme	
  solar	
  energy	
  esWmaWon	
  for	
  global	
  scale	
  
　　　・　 Less	
  than	
  10	
  minutes	
  for	
  full	
  disk,	
  auer	
  the	
  data	
  receiving	
  (very	
  fast).	
  
　　　・　 EsWmates	
  spectrum	
  L(t,	
  λ)	
  of	
  the	
  sunlight	
  	
  We	
  can	
  integrate	
  L(t,	
  λ)	
  as	
  we	
  like.	


3，Model	
  calculates	
  not	
  only	
  clouds	
  but	
  also	
  air	
  pollutants.	
  

2，More	
  understanding	
  of	
  cloud	
  evoluWon	
  process	
  for	
  predicWon…	
  
	
  	
  	
  	
  	
  	
  using,	
  CloudSat,	
  Calipso,	
  EarthCARE,	
  GCOM,	
  2nd	
  and	
  3rd	
  GEOs	
  

Facebook 

“TEEDDA” 
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Than	
  you	
  very	
  much	
  !	




Cloud	
  
properWes	
  etc.	


RadiaWve	
  
Transfer	


Satellite	
  images	
EsWmate	
  SW	
  Flux	
  at	
  
the	
  Surface	


GOES-­‐East	
  
285°	
  E	


GOES-­‐West	
  
225°	
  E	


Meteosat	
  
0°	
  E	


Meteosat	
  
63°	
  E	


GMS	
  
140°	
  E	


SW Flux at the surface level (global) 

Takenaka	
  et	
  al.	
  (2011)	


Takenaka	
  et	
  al	
  (2011)	




In	
  Kumamoto	
  (Kyushu	
  Island)	
  

Near-‐‑‒Realtime	
  data	
  release	
  

NICAM/	
  
SPRINTARS	
  

Sulfate	
  	
  
aerosols	
  

PM2.5	
  

SW	
  Flux	
  (W/m2)	
  

MTSAT	
  
(Himawari)	


ESR-Skynet	
 Skynet 
KSNet 
CMA, CASnets	


IMD net	




Nakajima	
  T.	
  Y.	
  et	
  al.	
  2010b	
  
[CFODD]	


Research	
  plots	
  
	
  for	
  interpret	
  observed	
  cloud	
  proper*es	
  	
  	


VerWcal	
  	
  
（	
  +drizzle）	


Sub-­‐pixel	
  
Horizontal　	


Numerical	
  
Experiment	


Satellite	


In-­‐situ	


3D-­‐RT	


Nakajima	
  T.	
  Y.	
  et	
  al.	
  2010a	
  
[2-­‐layer	
  model]	
 Zinner	
  et	
  al.,	
  2010	
  [LES+3DRT]	


Zhang	
  and	
  Platnick	
  et	
  al.,	
  2011	


Chang	
  and	
  Li,	
  2002,	
  2003	
  
(R	
  verWcal	
  profile)	
  

Nakajima	
  T.	
  Y.	
  et	
  al.	
  2010a	
  
[FIRE]	


Painemal	
  et	
  al,	
  2011	
  
(ValidaWon	
  of	
  MOD06)	
  

Nagao	
  T.	
  M.	
  et	
  al.	
  2013	
  
[Bin-­‐model	
  +	
  1DRT]	


Seethala	
  and	
  Horváth,	
  2010	
  
(Validate	
  MOD06)	
  



EXAM	
  SYSTEM,	
  a	
  neural	
  network	

  Very	
  fast,	
  ~100,000	
  Wmes	
  faster	
  than	
  general	
  RTM	
  like	
  “MODTRAN”,	
  “Rstar”.	
  

  DistorWon-­‐	
  Back	
  PropagaWon	
  method	
  

  OpWmizing	
  number	
  of	
  neurons	
  by	
  frequent	
  access	
  neuron	
  surviving	
  	
  

  Simple	
  and	
  Fast.	
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Satellite	
  obs.	


Takenaka	
  et	
  al.	
  2011	
  	



