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Plan	
  of	
  talk	
  

The	
  GEOS-­‐5	
  Data	
  Assimila3on	
  System	
  
•  Improving	
  assimilated	
  ozone	
  between	
  500	
  and	
  
50	
  hPa:	
  	
  
–  importance	
  of	
  SBUV	
  data	
  for	
  reanalysis	
  
– sensi3vity	
  to	
  background	
  errors	
  	
  

•  Assimila3on	
  of	
  radiances	
  from	
  the	
  Microwave	
  
Limb	
  Sounder	
  on	
  EOS-­‐Aura:	
  	
  
– progress	
  to	
  date	
  
–  remaining	
  work	
  



Ozone	
  data	
  for	
  reanalysis:	
  Con3nuity	
  of	
  SBUV	
  ozone	
  record	
  
1980	
   1985	
   1990	
   1995	
   2000	
   2005	
   2010	
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  7	
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  TOMS	
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EOS-­‐Aura	
  OMI	
  
7/2004	
  -­‐	
  ?	
  

NIMBUS-­‐7	
  SBUV	
  
NOAA-­‐9	
  SBUV/2	
  

NOAA-­‐11	
  SBUV/2	
  
NOAA-­‐16	
  SBUV/2	
  

NOAA-­‐17	
  SBUV/2	
  
NOAA-­‐18	
  SBUV/2	
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11/1978-­‐5/1979	
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GEOS-­‐5	
  Data	
  Assimila3on	
  System	
  
•  Atmospheric	
  General	
  Circula7on	
  Model:	
  	
  	
  

•  Horizontal	
  resolu7on:	
  flexible	
  -­‐	
  2.5°	
  to	
  ¼°	
  
•  72	
  layers	
  from	
  the	
  surface	
  to	
  0.01	
  hPa	
  
•  Parameterized	
  ozone	
  chemistry	
  (stratospheric	
  P&L;	
  dry	
  deposi7on)	
  

•  3D-­‐Var	
  analysis:	
  	
  
•  Gridpoint	
  Sta7s7cal	
  Interpola7on	
  
•  developed	
  in	
  collabora7on	
  with	
  NCEP	
  	
  

•  Observa7ons:	
  	
  	
  
•  Conven7onal	
  (surface,	
  sondes,	
  radar,	
  aircra\,	
  MODIS-­‐derived	
  winds,…)	
  
•  Satellite	
  radiance	
  data	
  (TOVS/ATOVS,	
  AIRS,	
  IASI,	
  SSM/I,	
  GOES,	
  GPS-­‐RO)	
  
•  Ozone	
  data	
  (SBUV2,	
  OMI,	
  MLS	
  retrievals)	
  

–  “Efficiency	
  factors”	
  (averaging	
  kernels	
  for	
  EOS	
  OMI)	
  
–  V8.6	
  SBUV	
  par7al	
  columns	
  

•  MLS	
  radiances	
  are	
  being	
  added	
  	
  



Ozone	
  Assimila3on	
  in	
  GEOS-­‐5:	
  	
  
Science	
  Objec3ves	
  

Constrain	
  ozone	
  in	
  the	
  Upper	
  Troposphere	
  –	
  Lower	
  
Stratosphere	
  (abundance,	
  structure,	
  variability)	
  
–  Stratosphere-­‐Troposphere	
  Exchange	
  

Separate	
  tropospheric	
  and	
  stratospheric	
  ozone	
  
columns	
  	
  

Accurate	
  tropospheric	
  ozone	
  budget	
  based	
  on	
  global	
  observa7ons	
  	
  



Transport	
  using	
  assimilated	
  winds	
  
leads	
  to	
  realis7c	
  ozone	
  profile	
  
structure	
  in	
  the	
  UTLS	
  	
  
	
  
Assimila7on	
  of	
  SBUV	
  in	
  GEOS-­‐5/
MERRA	
  does	
  not	
  show	
  this	
  ver7cal	
  
structure:	
  smoothing	
  from	
  the	
  
assimila7on	
  process	
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PV	
  contours	
  (white)	
  and	
  ozone	
  (shaded)	
  
from	
  the	
  GEOS-­‐5/MERRA-­‐driven	
  CTM	
  

HIRDLS	
  retrievals	
  
MERRA-­‐driven	
  CTM	
  
SBUV	
  analysis	
  (MERRA)	
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Ozone	
  [mPa]	
  

Assimilated	
  ozone	
  from	
  GEOS-­‐5/MERRA	
  
using	
  SBUV/2	
  data	
  	
  



How	
  can	
  we	
  take	
  advantage	
  of	
  
data	
  without	
  damaging	
  transport-­‐
induced	
  small-­‐scale	
  structures?	
  

So...	
  



Background	
  errors	
  
GEOS-­‐5/MERRA	
   Alternate	
  approach	
  
•  NMC	
  Method	
  
•  2-­‐D	
  lookup	
  table	
  of	
  variances	
  

and	
  correla3on	
  length	
  scales	
  
•  High	
  ozone	
  gradients	
  in	
  the	
  

UTLS	
  are	
  not	
  resolved	
  
•  Sta7s7cs-­‐based;	
  real-­‐7me	
  

dynamics	
  not	
  accounted	
  for	
  

•  Propor3onal	
  method	
  
•  A	
  possible	
  candidate	
  for	
  σ2:	
  	
  

]/[3
2 ][ molmolO×=ασ

[O3]	
  –	
  background	
  ozone	
  
α	
  –	
  specified	
  parameter	
  

•  Process-­‐based	
  	
  



HIRDLS	
  data	
   MLS	
  assim.	
  

Number	
  of	
  Iden7fied	
  Laminae	
  April	
  2007	
  

• 	
  	
  	
  	
  Some	
  of	
  the	
  laminae	
  reported	
  by	
  HIRDLS	
  may	
  be	
  spurious	
  
• 	
  	
  	
  	
  	
  GEOS-­‐5	
  DAS	
  was	
  run	
  at	
  a	
  coarse	
  resolu7on	
  (2°×2.5°)	
  
The	
  challenge:	
  get	
  with	
  SBUV	
  what	
  we	
  can	
  get	
  with	
  higher	
  resolu7on	
  limb	
  data	
  

#	
  laminae	
  1131	
   #	
  laminae	
  821	
  

UTLS	
  ozone	
  laminae	
  in	
  GEOS-­‐5	
  –	
  comparison	
  with	
  
High	
  Resolu3on	
  Dynamics	
  Limb	
  Sounder	
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HIRDLS	
  data	
   MLS	
  assim.	
  

SBUV	
  assim,	
  	
  NMC	
  errors	
   SBUV	
  assim.,	
  New	
  errors	
  

Number	
  of	
  Iden7fied	
  Laminae	
  April	
  2007	
  

• 	
  	
  	
  	
  Some	
  of	
  the	
  laminae	
  reported	
  by	
  HIRDLS	
  may	
  be	
  spurious	
  
• 	
  	
  	
  	
  	
  GEOS-­‐5	
  DAS	
  was	
  run	
  at	
  a	
  coarse	
  resolu7on	
  (2°×2.5°)	
  
The	
  challenge:	
  get	
  with	
  SBUV	
  what	
  we	
  can	
  get	
  with	
  higher	
  resolu7on	
  limb	
  data	
  

#	
  laminae	
  1131	
   #	
  laminae	
  821	
  

#	
  laminae	
  12	
   #	
  laminae	
  283	
  

UTLS	
  ozone	
  laminae	
  in	
  GEOS-­‐5	
  –	
  comparison	
  with	
  
High	
  Resolu3on	
  Dynamics	
  Limb	
  Sounder	
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500	
  hPa	
  –	
  Tropopause	
  Column;	
  assimila7on	
  vs.	
  sondes	
  	
  

MLS	
  	
  
&	
  

OMI	
  

SBUV	
  	
  
&	
  

OMI	
  

NMC	
  errors	
   New	
  errors	
  
The	
  new	
  
background	
  
error	
  scheme	
  
leads	
  to	
  
increased	
  sonde	
  
–	
  assimila7on	
  
correla7ons	
  
(N.	
  mid	
  to	
  high	
  
laltudes)	
  

Upper	
  tropospheric	
  (500hPa-­‐tropopause)	
  ozone	
  
columns	
  –	
  comparison	
  with	
  ozone	
  sondes	
  

r2=0.749	
  
y=0.72x+3.17	
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r2=0.781	
  
y=0.70x+3.00	
  

r2=0.697	
  
y=0.83x+4.37	
  

r2=0.723	
  
Y=0.74x+4.41	
  



The	
  new	
  background	
  error	
  
covariance	
  model	
  substan3ally	
  
improves	
  the	
  structure	
  of	
  ozone	
  
laminae	
  in	
  the	
  UTLS	
  and	
  the	
  

agreement	
  of	
  par3al	
  ozone	
  columns	
  
with	
  sonde	
  observa3ons	
  when	
  
assimila3ng	
  par3al-­‐column	
  data	
  

from	
  SBUV/2	
  	
  

Summary	
  of	
  Part	
  1	
  



Assimila3on	
  of	
  radiances	
  from	
  the	
  
EOS	
  Microwave	
  Limb	
  Sounder	
  

•  Uses	
  the	
  MLS	
  Callable	
  Forward	
  Model	
  developed	
  
at	
  JPL	
  

•  Implementa7on	
  in	
  GEOS-­‐5	
  is	
  a	
  close	
  collabora7on	
  
with	
  the	
  MLS	
  tea	
  

This	
  is	
  work	
  in	
  progress…	
  

Results	
  presented	
  here	
  are	
  from	
  8-­‐day	
  (August	
  1	
  –	
  8th	
  2009)	
  test	
  experiments	
  at	
  2.5°	
  
resolu7on	
  	
  	
  	
  



Mo3va3on	
  
•  Future	
  reanalysis:	
  data	
  will	
  not	
  depend	
  on	
  a	
  
priori	
  from	
  older	
  versions	
  of	
  GEOS	
  

•  Opera7onal	
  analyses:	
  possibility	
  of	
  assimila7ng	
  
MLS	
  in	
  near	
  real	
  7me	
  (if	
  	
  computa7onally	
  feasible)	
  

•  Based	
  on	
  earlier	
  results	
  with	
  retrieved	
  MLS	
  data	
  
we	
  expect	
  that	
  the	
  radiance	
  assimila7on	
  will	
  
improve	
  
– Ozone	
  in	
  the	
  UTLS	
  
– Temperature	
  in	
  the	
  upper	
  stratosphere	
  	
  



Informa3on	
  from	
  MLS	
  radiances	
  
•  Contrast:	
  ozone	
  

concentra7on	
  
•  Breadth:	
  tangent	
  pressure	
  
•  Posi7on:	
  baseline/ex7nc7on	
  	
  

We	
  need	
  all	
  three	
  pieces.	
  	
  
In	
  the	
  current	
  implementa7on	
  

only	
  ozone	
  is	
  assimilated.	
  	
  
We	
  use	
  previously	
  retrieved	
  

tangent	
  pressure	
  data.	
  
Implementa7on	
  of	
  online	
  

baseline	
  retrieval	
  is	
  underway	
  	
  

Observed	
  minus	
  
simulated	
  radiances	
  



MLS	
  profile	
  v3.3,	
  82S	
  
Radiance	
  assimila7on	
  

Some	
  results	
  

Comparison	
  with	
  
MLS	
  V3.3	
  retrieved	
  
ozone.	
  	
  A	
  single	
  
profile	
  

Ozone	
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Reasonable	
  agreement	
  in	
  mid-­‐	
  and	
  upper	
  stratosphere	
  –	
  sanity	
  check	
  
passed	
  

Mean	
  MLS,	
  60N-­‐90N	
  
Radiance	
  assimila7on	
  



Equator	
  
60S	
  
60N	
  
30S	
  
30N	
  

Rela3ve	
  RMS	
  difference	
  [%]	
  

Rela7ve	
  RMS	
  difference:	
  	
  Assimila7on	
  of	
  MLS	
  v3.3	
  minus	
  radiance	
  
assimila7on.	
  August	
  	
  

Agreement	
  within	
  5%	
  in	
  mid	
  to	
  upper	
  stratosphere	
  except	
  southern	
  high	
  la7tudes.	
  
The	
  lower	
  stratosphere	
  is	
  expected	
  to	
  improve	
  once	
  online	
  retrieval	
  of	
  “ex7nc7on”	
  
is	
  implemented	
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Summary	
  

•  Background	
  error	
  covariances	
  maxer!	
  A	
  new	
  
scheme	
  improves	
  the	
  representa7on	
  of	
  the	
  
assimilated	
  UTLS	
  ozone	
  in	
  GEOS-­‐5	
  	
  

•  The	
  MLS	
  Callable	
  Forward	
  Model	
  has	
  been	
  
incorporated	
  in	
  GEOS-­‐5	
  for	
  band	
  7	
  (ozone)	
  
– Preliminary	
  tests	
  show	
  agreement	
  with	
  MLS	
  V3.3	
  
within	
  5-­‐10%	
  in	
  the	
  middle	
  and	
  upper	
  
stratosphere	
  

•  Work	
  in	
  progress	
  



backup	
  



§ 	
  	
  Interpolate	
  to	
  theta	
  (only	
  above	
  260	
  hPa)	
  

§ 	
  	
  Average	
  profiles	
  in	
  2°	
  la7tude	
  bands	
  

§ 	
  	
  Determine	
  lamina	
  boxom	
  and	
  top	
  

§ 	
  	
  Apply	
  thickness	
  and	
  magnitude	
  criteria	
  
	
  
§ 	
  	
  Lamina	
  must	
  be	
  coherent	
  across	
  3	
  mean	
  
profiles	
  

Lamina	
  Iden3fica3on	
  With	
  EOS	
  
HIRDLS	
  	
  O3	
  Data	
  

	
  High	
  Resolu7on	
  Dynamics	
  Limb	
  Sounder	
  
• 	
  	
  	
  	
  Infrared	
  sounder	
  	
  	
  
• 	
  ~1	
  km	
  ver7cal	
  resolu7on	
  
• 	
  	
  	
  capable	
  of	
  resolving	
  laminae	
  



Ozone	
  [mPa]	
  

MLS	
  v3.3	
  analysis	
  
Radiance	
  analysis	
  

The	
  MLS	
  v3.3	
  analysis	
  
(assimila7on	
  of	
  
retrieved	
  MLS	
  ozone)	
  
exhibits	
  oscilla7ons	
  in	
  
the	
  tropical	
  lower	
  
stratosphere	
  –	
  even	
  in	
  
the	
  zonal	
  mean.	
  
	
  
These	
  are	
  not	
  seen	
  in	
  
radiance	
  assimila7on	
  

Lower	
  stratospheric	
  zonal	
  mean	
  profile	
  at	
  the	
  equator	
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sigma= 11.7402; mean= 30.8589
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sigma= 5.58231; mean= 21.8645
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Lamina	
  magnitude,	
  April	
  2007	
  

sigma= 11.8469; mean= 26.1478

0 20 40 60 80
Depth (% of max)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

P(
D

ep
th

 (%
 o

f m
ax

))

sigma= 7.35642; mean= 23.9646
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σ=11.7	
   σ=11.8	
  

σ=5.6	
   σ=7.4	
  

PDFs	
  of	
  (Max	
  ozone	
  -­‐	
  Min)/Max	
  [%]	
  for	
  each	
  iden7fied	
  lamina	
  
Bexer	
  representa7on	
  of	
  the	
  magnitude	
  low	
  ozone	
  laminae	
  with	
  the	
  new	
  background	
  errors.	
  

HIRDLS	
  data	
  

SBUV	
  assim.,	
  New	
  errors	
  SBUV	
  assim.,	
  NMC	
  errors	
  

MLS	
  assim.,	
  

Magnitude	
  [%]	
   Magnitude	
  [%]	
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Representa3on	
  of	
  the	
  UTLS	
  ozone	
  –	
  comparison	
  
with	
  High	
  Resolu3on	
  Dynamics	
  Limb	
  Sounder	
  


