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1.   Introduc9on:	  CM-‐SAF,	  CLARA,	  radia<ve	  flux	  products	  
2.   Developing	  the	  CDR:	  details	  of	  algorithm	  
3.   Results	  and	  valida9on	  with	  CERES	  datasets	  
4.   Conclusions	  and	  outlook	  

Overview	  
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What	  is	  CM	  SAF?	  
•  Project	  genera<ng	  and	  delivering	  Climate	  Data	  Records	  

from	  weather	  satellites	  (part	  of	  EUM	  ground	  segment)	  
•  Products	  target	  the	  energy	  and	  water	  cycles:	  radia<on,	  

IWV,	  clouds,	  precip,	  turb.fluxes,..	  
•  Polar	  and	  geo	  satellites	  (regional+global	  products)	  
	  

TOA	  radia9on	  products	  in	  CMSAF:	  
•  Un<l	  now,	  all	  based	  on	  geosta<onary	  satellites	  (Meteosat)	  

with	  GERB	  instrument,	  in	  combina<on	  with	  imager	  
SEVIRI/MVIRI	  

•  Currently	  released	  datasets:	  
–  MVIRI/SEVIRI	  data	  record	  (Urbain	  et	  al.,2017);	  1982-‐2015,	  GERB	  

used	  “offline”,	  Resolu<on	  0.05°x0.05°	  
–  GERB/SEVIRI	  data	  record	  (Clerbaux	  et	  al.,2017);	  2004-‐2015,	  Drig	  

corrected,	  All-‐sky	  and	  clear-‐sky	  fluxes,	  Resolu<on	  0.1°x0.1°	  

1.	  Introduc9on	  
www.cmsaf.eu	  

Example	  GERB/SEVIRI	  product:	  monthly	  mean	  clear	  
sky	  solar	  (leg)	  and	  thermal	  (right)	  for	  April	  2004	  
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Some	  of	  the	  modifica9ons	  in	  upcoming	  version	  CLARA-‐A3:	  
•  Inclusion	  of	  AVHRR-‐1	  sensor	  (TIROS-‐N,	  NOAA-‐6,	  -‐8,	  -‐10):	  extension	  of	  <me	  range	  to	  

1978-‐2019	  i.e.	  42yr	  
•  Updated	  FCDR,	  from	  Fiduceo	  project	  (hkp://www.fiduceo.eu)	  
•  Updated	  cloud	  treatment	  algorithms	  (NWCSAF/PPS	  v.2018;	  Karlsson	  et	  al.)	  
•  Addi<on	  of	  new	  product	  “TOA	  radia<ve	  fluxes”	  -‐>	  this	  presenta<on	  

What	  is	  CLARA?	  “CM	  SAF	  cLoud,	  Albedo	  and	  RAdia<on	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  
dataset	  from	  AVHRR	  data”	  (=Similar	  to	  Patmos-‐X)	  
•  Polar	  orbi<ng	  satellites	  NOAA	  and	  MetOp	  
•  FCDR	  from	  NOAA	  (Heidinger	  et	  al.,2010)	  
•  Currently	  released	  versions:	  	  

–  CLARA-‐A1	  (1982-‐2009)	  
–  CLARA-‐A2	  (1982-‐2015)	  

1.	  Introduc9on	  
Orbits	  1/3/2012	  
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2.	  Development	  of	  algorithm	  
PART	  1	  

ADM’s	  

NB-‐to-‐BB	  

PART	  2	  
Spa<al	  aggreg.	  
regridding	  0.25°	  

AVHRR	  NB	  
reflectances	  

Land	  use	  map	  
Cloud	  mask	  

1.   Binary	  (0	  or	  100)	  
2.  Probabilis<c	  

1.  Hucek	  &	  Jacobowitz,	  1995	  (ERBE)	  
2.   Regression	  AVHRR-‐CERES	  (NOAA-‐Aqua)	  

using	  SSF	  Aqua-‐FM3	  Ed4A	  

1.  Sukles	  et	  al.,	  1988	  (ERBE)	  
2.   Loeb	  et	  al.,	  2003,2005	  (CERES-‐TRMM,	  

+	  CERES-‐TERRA	  for	  snow/ice)	  Ed.-‐2B	  

BB	  reflectance	  
BB	  radiance	  

BB	  flux	  
BB	  albedo	  

1.  USGS	  
2.   IGBP	  

Instantaneous	  swath	  grid	  

Instantaneous	  regular	  grid	  

1.   Simple/fast:	  reproject	  pixel	  centre	  
2.  Complex:	  reproject	  pixel	  area	  

PART	  
4	  

PART	  3	   Diurnal	  cycle	  
modeling	  

Daily	  mean	   Monthly	  mean	  
Per	  pixel:	  match	  observed	  albedo	  with	  modelled	  
diurnal	  cycle	  (5’bins)	  +	  interpolate	  
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2.	  Development	  of	  algorithm	  
PART	  1	  

ADM’s	  

NB-‐to-‐BB	  

PART	  2	  
Spa<al	  aggreg.	  
regridding	  0.25°	  

AVHRR	  NB	  
reflectances	  

Land	  use	  map	  
Cloud	  mask	  

1.  Binary	  (0	  or	  100)	  
2.  Probabilis<c	  

1.   Hucek	  &	  Jacobowitz,	  1995	  (ERBE)	  
2.   Regression	  AVHRR-‐CERES	  (NOAA-‐Aqua)	  

using	  SSF	  Aqua-‐FM3	  Ed4A	  

1.  Sukles	  et	  al.,	  1988	  (ERBE)	  
2.  Loeb	  et	  al.,	  2003,2005	  (CERES-‐TRMM,	  

+	  CERES-‐TERRA	  for	  snow/ice)	  Ed.-‐2B	  

BB	  reflectance	  	  
BB	  radiance	  

BB	  flux	  
BB	  albedo	  

1.  USGS	  
2.  IGBP	  

Instantaneous	  swath	  grid	  

Instantaneous	  regular	  grid	  

1.  Simple/fast:	  reproject	  pixel	  centre	  
2.  Complex:	  reproject	  pixel	  area	  

PART	  
4	  

PART	  3	   Diurnal	  cycle	  
modeling	  

Daily	  mean	   Monthly	  mean	  
Per	  pixel:	  match	  observed	  albedo	  with	  modelled	  
diurnal	  cycle	  (5’bins)	  +	  interpolate	  

Narrowband-‐to-‐broadband	  
(NB-‐to-‐BB)	  conversion:	  
Newly	  derived	  regressions	  
AVHRR-‐CERES	  

α0.6	  α0.8	  

αSW	  
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Narrowband-‐to-‐broadband	  
(NB-‐to-‐BB)	  conversion:	  
Newly	  derived	  regressions	  
AVHRR-‐CERES	  

2.	  Development	  of	  algorithm	  
PART	  1	  

ADM’s	  

NB-‐to-‐BB	  

PART	  2	  
Spa<al	  aggreg.	  
regridding	  0.25°	  

AVHRR	  NB	  
reflectances	  

Land	  use	  map	  
Cloud	  mask	  

1.  Binary	  (0	  or	  100)	  
2.  Probabilis<c	  

1.   Hucek	  &	  Jacobowitz,	  1995	  (ERBE)	  
2.   Regression	  AVHRR-‐CERES	  (NOAA-‐Aqua)	  

using	  SSF	  Aqua-‐FM3	  Ed4A	  

1.  Sukles	  et	  al.,	  1988	  (ERBE)	  
2.  Loeb	  et	  al.,	  2003,2005	  (CERES-‐TRMM,	  

+	  CERES-‐TERRA	  for	  snow/ice)	  Ed.-‐2B	  

BB	  reflectance	  	  
BB	  radiance	  

BB	  flux	  
BB	  albedo	  

1.  USGS	  
2.  IGBP	  

Instantaneous	  swath	  grid	  

Instantaneous	  regular	  grid	  

1.  Simple/fast:	  reproject	  pixel	  centre	  
2.  Complex:	  reproject	  pixel	  area	  

PART	  
4	  

PART	  3	   Diurnal	  cycle	  
modeling	  

Daily	  mean	   Monthly	  mean	  
Per	  pixel:	  match	  observed	  albedo	  with	  modelled	  
diurnal	  cycle	  (5’bins)	  +	  interpolate	  

α0.6	  α0.8	  

αSW	  

Large	  database	  of	  
collocated	  NB	  and	  BB	  
observa<ons	  is	  needed!	  

Requirements:	  
•  Simultaneous	  
•  Coangular	  
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•  CERES	  -‐>	  AQUA	  orbit:	  sta<onary,	  700km,	  period	  99’	  	  

•  AVHRR	  -‐>	  NOAA19	  orbit:	  orbital	  drig,	  850km,	  period	  102’	  (slower)	  
Coangular	  observa<ons	  occur	  with	  similar	  viewing	  geometry,	  so	  mainly	  with	  coïnciding	  
orbital	  plane	  (=similar	  local	  solar	  <me);	  hence,	  focus	  on	  these	  months	  to	  gather	  data:	  

January	  2016	  

2.	  Development	  of	  algorithm	  

January	  2012	  
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Within	  coïnciding	  orbital	  plane:	  
•  CERES	  -‐>	  AQUA	  orbit:	  700km,	  

period	  99’	  (faster)	  
•  AVHRR	  -‐>	  NOAA19	  orbit:	  

850km,	  period	  102’	  (slower)	  
At	  least	  once	  every	  48	  hours,	  the	  
faster	  AQUA	  catches	  up	  with	  the	  
slower	  NOAA19:	  near	  this	  point,	  
collocated	  observa<ons	  from	  
both	  satellites	  have:	  
•  Minimal	  <me	  lag	  

~simultaneous	  observa<on	  
•  Similar	  viewing	  geometry	  

~coangular	  observa<on	  
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•  Temporal	  (<450s)	  and	  angular	  (<4.5°)	  constraints	  are	  used	  in	  matching	  algorithm.	  
•  CERES	  pixel	  dimensions	  (size,shape)	  increase	  with	  viewing	  zenith	  angle	  due	  to	  an	  increasingly	  

spread-‐out	  projected	  area	  (which	  is	  even	  more	  magnified	  by	  the	  earth's	  curvature)	  
•  AVHRR	  pixels	  inside	  CERES	  footprint	  are	  iden<fied,	  aggregated,	  and	  compared	  with	  CERES	  

2.	  Development	  of	  algorithm	  

•  Calibra<on	  on	  subset	  of	  80%	  observa<ons,	  
valida<on	  on	  remaining	  20%	  
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Equa<on:	  
2.	  Development	  of	  algorithm	  

AVHRR	  channels	  1	  and	  2	   cosine	  of	  solar	  zenith	  angle	  CERES	  BB	  reflectance	  
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Equa<on:	  
2.	  Development	  of	  algorithm	  

CERES	  BB	  reflectance	  

Clear-‐sky	  

AVHRR	  channels	  1	  and	  2	   cosine	  of	  solar	  zenith	  angle	  
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Equa<on:	  
2.	  Development	  of	  algorithm	  

AVHRR	  channels	  1	  and	  2	   cosine	  of	  solar	  zenith	  angle	  CERES	  BB	  reflectance	  
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Equa<on:	  
2.	  Development	  of	  algorithm	  

AVHRR	  channels	  1	  and	  2	   cosine	  of	  solar	  zenith	  angle	  CERES	  BB	  reflectance	  
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rela<ve	  Root-‐Mean-‐
Square	  residual	  (rRMSr):	  

Root-‐Mean-‐Square	  
residual	  (RMSr):	  

2.	  Development	  of	  algorithm	  

rela<ve	  Mean	  Bias	  (rMB):	  
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PART	  1	  

ADM’s	  

NB-‐to-‐BB	  

PART	  2	  
Spa<al	  aggreg.	  
regridding	  0.25°	  

AVHRR	  NB	  
reflectances	  

Land	  use	  map	  
Cloud	  mask	  

1.  Binary	  (0	  or	  100)	  
2.  Probabilis<c	  

1.  Hucek	  &	  Jacobowitz,	  1995	  (ERBE)	  
2.  Regression	  AVHRR-‐CERES	  (NOAA-‐Aqua)	  

1.  Sukles	  et	  al.,	  1988	  (ERBE)	  
2.  Loeb	  et	  al.,	  2003,2005	  (CERES-‐TRMM,	  

+	  CERES-‐TERRA	  for	  snow/ice)	  Ed.-‐2B	  

BB	  reflectance	  
BB	  radiance	  

BB	  flux	  
BB	  albedo	  

1.  USGS	  
2.  IGBP	  

Instantaneous	  swath	  grid	  

Instantaneous	  regular	  grid	  

1.  Simple/fast:	  reproject	  pixel	  centre	  
2.  Complex:	  reproject	  pixel	  area	  

3.	  Results/valida9on	  

PART	  3	   Diurnal	  cycle	  
modeling	  

Daily	  mean	  
Per	  pixel:	  match	  observed	  albedo	  with	  modelled	  
diurnal	  cycle	  (5’bins)	  +	  interpolate	  

PART	  
4	  

Monthly	  mean	  

4	  monthly	  means:	  
Mar,	  Jun,	  Sep,	  Dec	  
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3.	  Results/valida9on	  
March	  



Developing	  an	  AVHRR-‐based	  CDR	  of	  TOA	  radia9ve	  fluxes	  within	  the	  CMSAF	  Project	  Tom	  Akkermans	   18/27	  

3.	  Results/valida9on	  
June	  
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3.	  Results/valida9on	  
September	  
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3.	  Results/valida9on	  
December	  
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PART	  1	  

ADM’s	  

NB-‐to-‐BB	  

PART	  2	  
Spa<al	  aggreg.	  
regridding	  0.25°	  

AVHRR	  NB	  
reflectances	  

Land	  use	  map	  
Cloud	  mask	  

1.  Binary	  (0	  or	  100)	  
2.  Probabilis<c	  

1.  Hucek	  &	  Jacobowitz,	  1995	  (ERBE)	  
2.  Regression	  AVHRR-‐CERES	  (NOAA-‐Aqua)	  

using	  SSF	  Aqua-‐FM3	  Ed4A	  

1.  Sukles	  et	  al.,	  1988	  (ERBE)	  
2.  Loeb	  et	  al.,	  2003,2005	  (CERES-‐TRMM,	  

+	  CERES-‐TERRA	  for	  snow/ice)	  Ed.-‐2B	  

BB	  reflectance	  
BB	  radiance	  

BB	  flux	  
BB	  albedo	  

1.  USGS	  
2.  IGBP	  

Instantaneous	  swath	  grid	  

Instantaneous	  regular	  grid	  

1.  Simple/fast:	  reproject	  pixel	  centre	  
2.  Complex:	  reproject	  pixel	  area	  

3.	  Results/valida9on	  

PART	  3	   Diurnal	  cycle	  
modeling	  

Daily	  mean	  
Per	  pixel:	  match	  observed	  albedo	  with	  modelled	  
diurnal	  cycle	  (5’bins)	  +	  interpolate	  

PART	  
4	  

Monthly	  mean	  

SYN1deg-‐Ed4A	  
bias	  
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3.	  Results/valida9on	  
Ed.4A	  March	  
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3.	  Results/valida9on	  
June	  
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3.	  Results/valida9on	  
September	  
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reflectances	  

Land	  use	  map	  
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1.  Binary	  (classic)	  
2.  Probabilis<c	  

1.  Hucek	  &	  Jacobowitz,	  1995	  (ERBE)	  
2.  Regression	  AVHRR-‐CERES	  (NOAA-‐Aqua)	  
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1.  Sukles	  et	  al.,	  1988	  (ERBE)	  
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BB	  reflectance	  
BB	  radiance	  
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BB	  albedo	  

1.  USGS	  
2.  IGBP	  

Instantaneous	  swath	  grid	  

Instantaneous	  regular	  grid	  

1.  Simple/fast:	  reproject	  pixel	  centre	  
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