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Abstract	
  
To	
  overcome	
  the	
  complexiGes	
  associated	
  with	
  combining	
  or	
  comparing	
  mulG-­‐
sensor	
  data,	
  a	
  staGsGcal	
  gridding	
  algorithm	
  has	
  been	
  developed	
  for	
  projecGng	
  
data	
  from	
  their	
  unique	
  instrument	
  domain	
  to	
  a	
  uniform	
  space–Gme	
  domain.	
  
The	
  algorithm	
  has	
  two	
  components:	
  1)	
  a	
  spaGal	
  gridding	
  phase	
  in	
  which	
  
geophysical	
  properGes	
  are	
  filtered	
  on	
  the	
  basis	
  of	
  a	
  set	
  of	
  criteria	
  (e.g.,	
  Gme	
  
of	
  day	
  or	
  viewing	
  angle)	
  and	
  then	
  aggregated	
  into	
  nearest	
  neighbor	
  clusters	
  
as	
  defined	
  by	
  equal-­‐angle	
  grid	
  cells	
  and	
  2)	
  a	
  temporal	
  gridding	
  phase	
  in	
  which	
  
daily	
  staGsGcs	
  are	
  calculated	
  per	
  grid	
  cell	
  from	
  which	
  longer	
  Gme-­‐aggregate	
  
staGsGcs	
  are	
  derived.	
  The	
  sensiGvity	
  of	
  the	
  gridding	
  algorithm	
  is	
  
demonstrated	
  using	
  a	
  month	
  of	
  level	
  1	
  Visible	
  Infrared	
  Imaging	
  Radiometer	
  
Suite	
  (VIIRS)	
  and	
  Cross	
  track	
  Infrared	
  Sounder	
  (CrIS)	
  radiances	
  as	
  an	
  example.	
  
Algorithm	
  sensiGvity	
  is	
  tested	
  for	
  grid	
  size,	
  number	
  of	
  days	
  in	
  the	
  definiGon	
  of	
  
a	
  Gme	
  average,	
  viewing	
  angle,	
  and	
  minimum	
  number	
  of	
  observaGons	
  per	
  grid	
  
cell	
  per	
  day.	
  This	
  gridding	
  algorithm	
  greatly	
  facilitates	
  the	
  intercomparison	
  of	
  
satellite	
  derived	
  products	
  as	
  well.	
  Its	
  simplicity	
  lends	
  transparency	
  to	
  
understanding	
  the	
  behavior	
  of	
  a	
  given	
  parameter	
  and	
  makes	
  it	
  useful	
  for	
  both	
  
research	
  and	
  operaGonal	
  use.	
  



IllustraGon	
  of	
  L2	
  to	
  L3	
  Issues	
  



Pixel	
  Count	
  for	
  Day'me	
  

	
  
	
  
	
  
	
  
	
  

For	
  a	
  L3	
  Daily	
  1x1°	
  grid	
  cell	
  between	
  30N	
  –	
  30S	
  
there	
  is	
  only	
  1	
  view	
  of	
  grid	
  per	
  node	
  (asc/dsc)	
  

	
  
	
  
	
  
	
  

	
  



For	
  a	
  1x1°	
  L3	
  grid	
  cell	
  around	
  45N	
  
	
  

	
  
	
  
	
  
	
  

	
  
there	
  are	
  2	
  views	
  of	
  grid	
  per	
  node	
  (asc/dsc)	
  

	
  
	
  
	
  
	
  

	
  



	
  
For	
  a	
  1x1°	
  L3	
  grid	
  cell	
  around	
  80N	
  

	
  

	
  
	
  
	
  
	
  

there	
  are	
  many	
  views	
  of	
  grid	
  per	
  node	
  (asc/desc)	
  
	
  
	
  
	
  
	
  

	
  



AggregaGng	
  to	
  L3	
  by	
  Pixel	
  vs	
  Area	
  WeighGng	
  

	
  
• 	
  Offset	
  is	
  not	
  
uniform	
  

• 	
  Long	
  term	
  mean	
  	
  	
  	
  	
  	
  	
  
(.2%)	
  is	
  not	
  changed	
  

• 	
  Polar	
  regions	
  are	
  
out	
  of	
  phase	
  with	
  
mid-­‐laGtudes	
  	
  
	
  
	
  
	
  

	
  	
  MODIS	
  Terra	
  Global	
  Cloud	
  FracGon	
  	
  
by	
  Area	
  (Red)	
  vs	
  Pixel	
  (Blue)	
  



Make	
  L3	
  a	
  Snapshot	
  in	
  Time	
  	
  
For	
  each	
  1x1	
  deg.	
  L3	
  Grid	
  Cell,	
  use	
  only	
  the	
  L2	
  Granule	
  	
  

that	
  contains	
  data	
  with	
  the	
  most	
  nadir	
  view	
  	
  

	
  
	
  
	
  
	
  
	
  

	
  



STG	
  

ConverGng	
  from	
  the	
  observaGon	
  domain	
  into	
  
the	
  spaGal	
  and	
  temporal	
  domains	
  







Efficiency	
  through	
  STG	
  Array	
  Indices	
  

Lat	
  Lon	
  revealed	
  by	
  STG	
  indices	
  
	
  STG	
  (i,	
  j)	
  where	
  i	
  =1	
  to	
  180	
  /	
  (lat	
  bin	
  size)	
  	
  
	
   	
   	
  and	
  j	
  =	
  1	
  to	
  360	
  /	
  (lon	
  bin	
  size)	
  

Example	
  for	
  lat	
  bin	
  =	
  1	
  deg	
  and	
  lon	
  bin	
  =	
  1	
  deg	
  
	
  STG	
  (31,	
  175)	
  refers	
  to	
  data	
  in	
  bin	
  located	
  	
  	
  
	
   	
   	
  at	
  59	
  N	
  lat	
  and	
  175	
  lon	
  (or	
  5	
  W)	
  



Space	
  Gridding	
  





Advantages 

Global satellite data are processed on 
the fly as research needs arise 

Output grid size is dynamically 
determined by the research application 

Time averages can be any length of 
time (number of days ≥ 1) 

Instrument independent 
any GEO or LEO instrument can be 

processed and/or combined 

Fast, Transparent, Easy, Simple 
Requires basic computer resources 

only, processes a day of data in minutes 



Example	
  1:	
  
Comparing	
  Radiances	
  from	
  VIIRS	
  and	
  CrIS	
  	
  

 
•  The STG approach is demonstrated in the comparison of the 

brightness temperature (BT) difference of two instruments, where 
sensitivity to co-location and heterogeneity issues are overcome.  

•  Results are calculated for the daytime orbits of two instruments on 
1 May 2012 (viewing angles ≤ 32°) gridded to 0.5°/1.0°/2.0° grids 
–  Suomi-NPP Visible Infrared Imaging Radiometer Suite (VIIRS)  

 at spatial resolution ~1km 
–  Suomi-NPP Cross-track Infrared Sounder (CrIS)  

 with radiance spectra convolved to VIIRS band M15 (~11µm) 
 at spatial resolution of 13.5 km.  

	
  



Monochromatic spectrum, CrIS spectrum, and VIIRS SRFs 
BT

	
  (K
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wavenumber,	
  1/cm	
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  (K
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wavenumber,	
  1/cm	
  

M13	
  
4um	
  

M15	
  
10.8um	
  

M16A	
  
12um	
  

17	
  

Ø  Comparisons	
  are	
  performed	
  rouGnely	
  for	
  bands	
  M13,	
  M15,	
  M16A,	
  and	
  I5	
  (not	
  shown)	
  
Ø  M15	
  and	
  M16A	
  SRFs	
  include	
  small	
  OOB	
  contribuGons	
  in	
  the	
  8.5µm	
  gap	
  region	
  



Example	
  Daily	
  comparisons,	
  M15	
  band	
  @	
  10.8um,	
  Descending	
  

Ø  CrIS	
  processing	
  is	
  ADL/CSPP	
  with	
  v33	
  Eng.	
  Packet;	
  VIIRS	
  is	
  IDPS	
  product	
  
Ø  Each	
  day	
  includes	
  thousands	
  of	
  grid	
  cells	
  which	
  pass	
  a	
  spaGal	
  uniformity	
  test	
  



Spa'al	
  Uniformity	
  Test	
  based	
  on	
  Standard	
  Devia'on	
  (SD)	
  in	
  each	
  grid	
  cell	
  

(1)	
  Find	
  all	
  cells	
  where	
  VIIRS	
  SD	
  <	
  Threshold	
  1	
  
	
  
(2)	
  Find	
  all	
  cells	
  in	
  (1)	
  where	
  VCrIS	
  SD	
  <	
  Threshold	
  2	
  
	
  
	
  



1-­‐degree	
  grid;	
  TROPICAL	
  (30N	
  to	
  30	
  S),	
  NEAR-­‐NADIR	
  (view	
  angle	
  <	
  32)	
  
	
  
Thres1/Thres2	
   sample	
  size	
   BT	
  bias	
   mean	
  SD	
  VIIRS	
   mean	
  SD	
  VCrIS	
  
0.5/0.25	
   125	
   -­‐0.04	
   0.26	
   0.176	
  
1.0/0.5	
   549	
   -­‐0.04	
   0.54	
   0.322	
  
2.0/1.0	
   1807	
   -­‐0.05	
   1.024	
   0.59	
  
4.0/2.0	
   3861	
   -­‐0.06	
   1.67	
   1.0337	
  
8.0/4.0	
   6720	
   -­‐0.09	
   2.6575	
   1.8	
  
10.0/5.0	
   7405	
   -­‐0.10	
   2.956	
   2.054	
  

	
  
LimiGng	
  results	
  to	
  the	
  tropical	
  zone	
  (30N	
  to	
  30S),	
  and	
  near-­‐nadir	
  
observaGons	
  (<	
  32	
  view	
  angle)	
  then,	
  whatever	
  the	
  uniformity	
  
thresholds	
  (barring	
  they’re	
  large	
  enough	
  to	
  allow	
  a	
  staGsGcally	
  
significant	
  sample	
  size)	
  the	
  BT	
  bias	
  <=	
  0.1	
  K	
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Scene	
  Temperature	
  Dependence	
  
	
  

CrIS/VIIRS	
  differences	
  verus	
  Scene	
  BT	
  (4	
  Sep	
  2012)	
  

M15,	
  10.8um	
  

M16,	
  12um	
  

Global,	
  90	
  lat	
  limit,	
  thres1/thres2	
  =	
  2/2;	
  where	
  VIIRS	
  SD	
  <	
  Thres1;	
  CrIS	
  SD	
  <	
  Thres	
  2	
  
	
  	
   BAND	
  16	
   	
  	
   BAND	
  15	
   	
  	
  
Scene	
  T	
   BT	
  Bias	
   Sample	
  Size	
   BT	
  Bias	
   Sample	
  Size	
  

255	
   -­‐0.21	
   178	
   -­‐0.24	
   165	
  
260	
   -­‐0.18	
   259	
   -­‐0.23	
   253	
  
265	
   -­‐0.2	
   566	
   -­‐0.28	
   573	
  
270	
   -­‐0.2	
   730	
   -­‐0.26	
   722	
  
275	
   -­‐0.22	
   683	
   -­‐0.25	
   647	
  
280	
   -­‐0.23	
   584	
   -­‐0.27	
   574	
  
285	
   -­‐0.16	
   1229	
   -­‐0.15	
   1116	
  
290	
   -­‐0.12	
   852	
   -­‐0.11	
   749	
  
295	
   -­‐0.07	
   1756	
   -­‐0.05	
   1449	
  
300	
   -­‐0.075	
   252	
   -­‐0.04	
   517	
  
305	
   -­‐0.02	
   10	
   -­‐0.03	
   15	
  

These	
  results	
  are	
  for	
  ONE	
  DAY,	
  	
  
NEAR-­‐NADIR	
  (scan	
  angle	
  <	
  32),	
  
and	
  NIGHT-­‐TIME	
  only.	
  	
  



Comparing	
  with	
  Results	
  from	
  Careful	
  
ColocaGons	
  



Example	
  Daily	
  comparisons,	
  M15	
  band	
  @	
  10.8µm,	
  Descending	
  

CrIS	
  convolved	
  with	
  VIIRS	
  SRF	
   VIIRS	
  mean	
  within	
  CrIS	
  FOVs	
  

VIIRS	
  standard	
  devia'on	
  within	
  CrIS	
  FOVs	
   Differences	
  for	
  uniform	
  scenes	
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Ø  CrIS	
  processing	
  is	
  ADL/CSPP	
  with	
  v33	
  Eng.	
  Packet;	
  VIIRS	
  is	
  IDPS	
  product	
  
Ø  Each	
  day	
  includes	
  ~500,000	
  colocaGons	
  which	
  pass	
  a	
  spaGal	
  uniformity	
  test	
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M13, 4um
M15, 10.8um
M16, 12um

Ø  Daily	
  mean	
  differences	
  are	
  <	
  0.1K	
  since	
  VIIRS	
  OBC	
  LUT	
  change	
  in	
  early	
  March	
  
Ø  Slow	
  trends	
  are	
  observed	
  in	
  all	
  three	
  bands,	
  ~15	
  mK,	
  over	
  the	
  past	
  year	
  
Ø  DisconGnuiGes	
  are	
  due	
  to	
  known	
  events	
  (e.g.	
  VIIRS	
  OBC	
  LUT	
  change	
  in	
  early	
  March,	
  shutdown/

restart	
  on	
  March	
  24/25,	
  VIIRS	
  nonlinearity	
  tests	
  in	
  May,	
  Sep,	
  Dec)	
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Daily Mean Differences 
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Ø  M13	
  differences	
  show	
  linle	
  dependence	
  on	
  scene	
  BT,	
  except	
  for	
  coldest	
  scenes	
  
Ø  M15	
  and	
  M16	
  show	
  clear	
  scene	
  BT	
  dependence	
  of	
  differing	
  magnitude;	
  Further	
  invesGgaGons	
  

are	
  underway,	
  including	
  signal	
  dependence	
  of	
  the	
  CrIS	
  calibraGon	
  uncertainty,	
  VIIRS	
  SRF	
  OOB	
  
effects,	
  and	
  VIIRS	
  comparisons	
  with	
  IASI	
  and	
  AIRS.	
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Scene Temperature Dependence 
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Time	
  Gridding	
  
	
  
	
  



Example	
  of	
  CTP:	
  Weighted	
  Monthly	
  Mean	
  

Key	
  QuesGons	
  
•  When	
  is	
  a	
  day	
  of	
  observaGons	
  not	
  worth	
  averaging?	
  	
  
•  What	
  is	
  the	
  minimum	
  threshold	
  of	
  observaGons	
  necessary	
  to	
  make	
  up	
  an	
  

average	
  for	
  that	
  day?	
  	
  
•  Is	
  there	
  an	
  objecGve	
  method	
  with	
  which	
  to	
  calculate	
  a	
  staGsGcally	
  

significant	
  CTPm?	
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days
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CTPm	
  =	
  weighted	
  monthly	
  mean	
  of	
  cloud	
  top	
  pressure	
  (CTP)	
  
CTPd	
  =	
  daily	
  mean	
  of	
  high	
  CTP	
  (≥	
  440	
  hPa)	
  
obsT	
  =	
  total	
  instrument	
  observaGons	
  per	
  grid	
  point	
  per	
  day	
  
obsC	
  =	
  total	
  high	
  cloud	
  observaGons	
  per	
  grid	
  point	
  per	
  day	
  



Example	
  of	
  CTP:	
  Weighted	
  Monthly	
  Mean	
  

Suggested	
  Answer	
  
	
  
The	
  necessary	
  total	
  number	
  of	
  observaGons	
  in	
  a	
  grid	
  box	
  in	
  one	
  day	
  will	
  be	
  determined	
  
objecGvely	
  by	
  the	
  criteria	
  

	
  	
  
	
  Nobs	
  ≥	
  M(Nobs)	
  	
  -­‐	
  	
  1.5	
  σ(Nobs)	
  

	
  
where	
  	
   	
  M(Nobs)	
  =	
  mean	
  of	
  daily	
  obs	
  for	
  month	
  =	
  	
  
	
  

	
   	
  	
  	
  
	
  σ(Nobs)	
  =	
  standard	
  deviaGon	
  of	
  daily	
  obs	
  for	
  month	
  about	
  mean	
  

	
  
This	
  includes	
  93%	
  of	
  a	
  Gaussian	
  distribuGon	
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Total	
  number	
  of	
  observaGons	
  per	
  snapgrid	
  point	
  for	
  August	
  

Total	
  MODIS	
  observa'ons	
  per	
  1	
  deg	
  cell	
  for	
  1-­‐31	
  Aug	
  



Number	
  days	
  with	
  observaGons	
  per	
  grid	
  cell	
  in	
  August	
  
(all	
  days	
  included)	
  	
  



Number	
  days	
  with	
  observaGons	
  per	
  grid	
  cell	
  in	
  August	
  
(only	
  days	
  where	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  are	
  included	
  per	
  grid	
  cell)	
  

€ 

obsT ≥m −1.5σ



Mean	
  high	
  CTP	
  for	
  August	
  2009	
  
(all	
  days	
  included)	
  



Mean	
  high	
  CTP	
  for	
  August	
  2009	
  
(low	
  obs	
  days	
  excluded)	
  



Example	
  2:	
  
Comparing	
  CTPs	
  from	
  VIIRS	
  and	
  MODIS	
  
	
  
	
  





DayGme	
  MODIS-­‐c6	
  average	
  high	
  CTP	
  



DayGme	
  VIIRS	
  average	
  high	
  CTP	
  



DayGme	
  difference:	
  MODIS	
  minus	
  VIIRS	
  



Conclusions	
  
•  STG	
  offers	
  a	
  fast,	
  transparent,	
  and	
  simple	
  
procedure	
  for	
  accumulaGng	
  level	
  3	
  data	
  

•  	
  STG	
  is	
  instrument	
  (sounder	
  or	
  imager)	
  and	
  orbit	
  
(geo	
  or	
  leo	
  or	
  other)	
  independent	
  

•  STG	
  space	
  and	
  Gme	
  intervals	
  can	
  be	
  easily	
  
adjusted	
  	
  

•  STG	
  enables	
  radiance	
  or	
  derived	
  product	
  
intercomparisons	
  

•  Global	
  satellite	
  data	
  are	
  processed	
  on	
  the	
  fly	
  as	
  
research	
  needs	
  arise	
  

	
  



Extra	
  Slides	
  













How	
  to	
  determine	
  uniformity	
  given	
  two	
  different	
  approaches	
  
Sounder	
  FOV	
  

Imager	
  pixel	
  

Grid	
  cell	
  

TradiGonal	
  colocaGon	
  method	
  

STG	
  method	
  

Imager	
  pixels	
  are	
  colocated	
  to	
  sounder	
  FOV.	
  	
  
Uniformity	
  test	
  consists	
  of	
  tesGng	
  the	
  imager	
  standard	
  deviaGon	
  within	
  each	
  FOV	
  for	
  
falling	
  below	
  a	
  certain	
  threshold.	
  This	
  is	
  all.	
  If	
  the	
  scene	
  is	
  uniform	
  	
  

When	
  I	
  compare	
  the	
  STD	
  of	
  
different	
  grid	
  cells,	
  I	
  compare	
  
their	
  variance	
  	
  


