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Provision	
  of	
  uncertainty	
  es3mates	
  in	
  the	
  retrieval	
  of	
  geophysical	
  parameters	
  from	
  satellite	
  data	
  is	
  fundamental	
  to	
  ensuring	
  the	
  correct	
  usage	
  of	
  the	
  data.	
  	
  
OFen	
  uncertain3es	
  in	
  remote	
  sensing	
  datasets	
  are	
  expressed	
  in	
  rela3on	
  to	
  in-­‐situ	
  observa3ons;	
  for	
  example	
  the	
  GHRSST	
  requirements	
  for	
  sea	
  surface	
  
temperature	
  data	
  are	
  to	
  provide	
  single	
  sensor	
  error	
  sta3s3c	
  bias	
  and	
  standard	
  devia3ons	
  (GHRSST	
  Science	
  Team,	
  2010).	
  	
  Uncertainty	
  is	
  inherent	
  in	
  the	
  
retrieval	
  process	
  and	
  can	
  be	
  calculated	
  independently	
  of	
  in-­‐situ	
  observa3ons,	
  enabling	
  it	
  to	
  be	
  validated	
  in	
  its	
  own	
  right.	
  	
  Several	
  different	
  sources	
  of	
  

uncertainty	
  in	
  the	
  retrieval	
  process	
  will	
  contribute	
  to	
  the	
  total	
  uncertainty	
  budget.	
  	
  In	
  general	
  terms	
  the	
  following	
  sources	
  of	
  uncertainty	
  can	
  be	
  
iden3fied	
  which	
  are	
  likely	
  to	
  be	
  common	
  to	
  most	
  geophysical	
  retrievals.	
  	
  For	
  all	
  satellite	
  observa3ons	
  there	
  will	
  be	
  some	
  degree	
  of	
  noise	
  in	
  the	
  

observa3on	
  that	
  needs	
  to	
  be	
  propagated	
  into	
  the	
  geophysical	
  parameter	
  retrieval	
  (uncorrelated	
  or	
  random	
  effects).	
  	
  Some	
  uncertainty	
  will	
  be	
  inherent	
  in	
  
the	
  retrieval	
  process	
  itself	
  and	
  this	
  will	
  be	
  correlated	
  on	
  synop3c	
  scales	
  as	
  Earth	
  surface	
  proper3es	
  are	
  retrieved	
  through	
  the	
  atmosphere	
  (locally	
  

systema3c	
  effects).	
  	
  	
  Uncertainty	
  can	
  also	
  be	
  correlated	
  over	
  larger	
  scales	
  as	
  the	
  result	
  of	
  residual	
  biases,	
  which	
  may	
  arise	
  from	
  calibra3on	
  processes	
  or	
  
brightness	
  temperature	
  harmonisa3on	
  across	
  different	
  sensors	
  (large	
  scale	
  effects).	
  	
  Finally,	
  where	
  data	
  are	
  provided	
  as	
  averaged	
  products	
  at	
  a	
  reduced	
  
spa3al	
  resolu3on	
  this	
  can	
  introduce	
  sampling	
  uncertainty	
  if	
  data	
  points	
  are	
  missing	
  due	
  to	
  bad	
  data,	
  or	
  oFen	
  in	
  the	
  case	
  of	
  visible	
  and	
  infrared	
  data	
  due	
  
to	
  cloud	
  cover.	
  	
  Here	
  we	
  demonstrate	
  how	
  to	
  es3mate	
  these	
  individual	
  uncertainty	
  components	
  and	
  construct	
  an	
  uncertainty	
  budget	
  with	
  reference	
  to	
  

sea	
  surface	
  temperature	
  (SST).	
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1.	
  Uncertain0es	
  from	
  Random	
  Effects	
  
Coefficient	
  based	
  SST	
  retrieval	
  is	
  calculated	
  
as	
   a	
   linear	
   combina3on	
   of	
   two	
   brightness	
  
temperatures	
   (BTs)	
   in	
   the	
   11	
   and	
   12	
   μm	
  
channel.	
   These	
   BTs	
   have	
   an	
   associated	
  
error	
   due	
   to	
   instrument	
   noise	
   which	
  
propagates	
   into	
  the	
  SST	
  retrieval.	
  Figure	
  1	
  
shows	
   a	
   simulated	
   error	
   field	
   propagated	
  
into	
   a	
   two-­‐channel	
   nadir	
   (N2)	
   and	
   dual	
  
view	
   (D2)	
   retrieval.	
   The	
  magnitude	
   of	
   the	
  
D2	
   error	
   field	
   is	
   greater	
   than	
   for	
   the	
   N2	
  
retrieval	
   as	
   it	
   uses	
   twice	
   as	
   many	
  
observa3ons.	
  In	
  prac3ce,	
  we	
  only	
  know	
  an	
  
es3mate	
   of	
   the	
  measurement	
   uncertainty	
  
( t h e	
   s t a nda r d	
   d e v i a3on	
   o f	
   t h e	
  
measurement	
   errors).	
   Propaga3ng	
   the	
  
measurement	
   uncertainty	
   in	
   the	
   SST	
  
retrieval	
   gives	
   a	
   value	
   dependent	
   on	
   the	
  
number	
  of	
  observa3ons	
  available.	
   Figure	
  1:	
  Error	
  and	
  uncertainty	
  propaga3on	
  

into	
  sea	
  surface	
  temperature	
  retrieval.	
  

2.	
  Uncertain0es	
  from	
  Locally	
  Systema0c	
  Effects	
  
Uncertain3es	
  from	
  locally	
  systema3c	
  effects	
   (LSE)	
   in	
  SST	
  are	
  
inherent	
   in	
   the	
   retrieval	
   system	
   and	
   are	
   correlated	
   over	
  
synop3c	
   scales.	
   Figure	
  2	
   shows	
  uncertain3es	
   from	
  LSE	
   for	
  a	
  
coefficient	
   based	
   retrieval	
   as	
   a	
   func3on	
   of	
   the	
   atmospheric	
  
total	
   column	
   water	
   vapor	
   (TCWV).	
   	
   For	
   the	
   two-­‐channel	
  
retrieval,	
   the	
  uncertainty	
   increases	
  with	
  TCWV	
  and	
   is	
  higher	
  
for	
  larger	
  viewing	
  angles.	
  
For	
   a	
   three-­‐channel	
  
r e t r i eva l	
   t he	
   s ame	
  
difference	
   between	
   the	
  
forward	
  (cyan)	
  and	
  nadir	
  
(green)	
  views	
  is	
  seen	
  but	
  
the	
   overall	
   uncertain3es	
  
are	
   lower,	
   peaking	
   at	
  
~20	
   kg	
   m-­‐3	
   TCWV.	
   	
   The	
  
dual	
   view	
   retrievals	
   give	
  
the	
   lowest	
   uncertain3es	
  
from	
  LSE.	
   Figure	
  2:	
  Uncertain3es	
  from	
  LSE	
  as	
  a	
  

func3on	
  of	
  TCWV	
  and	
  view	
  angle.	
  

3.	
  Sampling	
  Uncertainty	
  in	
  SST	
  
Sampling	
   uncertainty	
   arises	
   in	
   reduced	
  
r e s o l u 3 o n	
   d a t a	
   w h e r e	
   s om e	
  
observa3ons	
   are	
   unavailable,	
   for	
  
example	
   due	
   to	
   the	
   presence	
   of	
   cloud.	
  
Figure	
  3	
  shows	
  sampling	
  uncertainty	
  for	
  
observa3ons	
   over	
   5x5	
   pixel	
   domains	
   at	
  
1	
   km	
   resolu3on	
   as	
   a	
   func3on	
   of	
   the	
  
percentage	
   of	
   clear	
   sky	
   pixels	
   and	
   the	
  
standard	
  devia3on	
  of	
  the	
  SST.	
  	
  The	
  plots	
  
show	
   that	
   sampling	
   uncertainty	
   cannot	
  
be	
  modeled	
  by	
  applying	
  a	
  random	
  mask	
  
as	
   uncertain3es	
   using	
   observed	
   masks	
  
are	
  significantly	
  higher.	
  

Figure	
  3:	
  Sampling	
  uncertain3es	
  across	
  5x5	
  pixel	
  
domains	
  for	
  random	
  and	
  observed	
  cloud	
  masks.	
  

F i gu re	
   4	
   s hows	
   s amp l i n g	
  
uncertainty	
   modeled	
   for	
   a	
   range	
  
of	
   SST	
   standard	
   devia3ons.	
   	
   The	
  
polynomial	
   fit	
   corresponds	
   to	
   25	
  
and	
   100	
   pixel	
   domains	
   (blue	
   and	
  
red	
  lines	
  respec3vely).	
  	
  At	
  low	
  SST	
  
standard	
   devia3ons	
   (<	
   0.4	
   K)	
   a	
  
single	
   fit	
   is	
   sufficient	
   to	
   describe	
  
sampling	
   uncertainty	
   for	
   domain	
  
sizes	
  of	
  0.05-­‐0.1°.	
   	
   For	
   regions	
  of	
  
higher	
  SST	
  variability	
  domain	
   size	
  
is	
  more	
  important.	
  Figure	
  4:	
  Sampling	
  uncertainty	
  modeled	
  as	
  a	
  func3on	
  of	
  

SST	
  variability.	
  

4.	
  Valida0ng	
  Uncertainty	
  Budgets	
  
Where	
   uncertainty	
   budget	
   es3mates	
   are	
   derived	
   within	
   the	
  
retrieval	
   scheme	
   these	
   can	
   be	
   validated	
   independently	
   using	
  
in-­‐situ	
  observa3ons.	
  	
  Figure	
  5	
  shows	
  a	
  valida3on	
  of	
  single	
  pixel	
  
uncertain3es	
  for	
  1	
  year	
  of	
  AATSR	
  matchup	
  data,	
  comprised	
  of	
  
components	
   from	
  uncorrelated	
  and	
   locally	
   systema3c	
  effects	
  
for	
   N2	
   and	
   D2	
   retrievals.	
   	
   The	
   retrieved	
   uncertainty	
   should	
  
follow	
   the	
   1:1	
   line	
   when	
   ploged	
   against	
   the	
   standard	
  
devia3on	
   of	
   the	
   retrieved	
   minus	
   in-­‐situ	
   SST	
   difference.	
   	
   A	
  
lower	
   limit	
   to	
   this	
   rela3onship	
   is	
   found	
   below	
   a	
   retrieval	
  
uncertainty	
  of	
  
0.2	
   K	
   due	
   to	
  
uncertain3es	
   in	
  
t h e 	
   i n -­‐ s i t u	
  
measurement.	
  

Figure	
  5:	
  Single	
  
pixel	
  uncertainty	
  
budget	
  valida3on	
  
for	
  N2	
  and	
  D2	
  
retrievals	
  for	
  2005	
  
matchup	
  data.	
  


