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Talk	  Outline	  

o  I	  will	  focus	  on	  the	  long-‐term	  ozone	  record	  from	  the	  
backscaSer	  ultraviolet	  series	  of	  satellite	  
instruments	  (TOMS/SBUV)	  

o  Decades	  of	  effort	  by	  a	  team	  of	  scien*sts	  turned	  
this	  series	  of	  measurements	  into	  a	  well-‐calibrated	  
long-‐term	  data	  set	  

o  The	  ozone	  measurement	  problem	  is	  now	  focused	  
on	  	  the	  search	  for	  recovery	  and	  its	  aSribu*on	  

o  Con*nuing,	  well-‐calibrated	  ozone	  measurements	  
will	  be	  necessary	  to	  test	  the	  response	  of	  
stratospheric	  ozone	  to	  the	  Montreal	  Protocol	  
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Merged	  Ozone	  Data	  Set	  Produced	  from	  30+	  Years	  of	  	  
TOMS	  and	  SBUV	  Measurements	  

o  BackscaSer	  ultraviolet	  instruments	  
(TOMS	  and	  SBUV)	  have	  been	  
measuring	  the	  total	  column	  
amount	  of	  ozone	  con*nuously	  
since	  1978.	  

o  	  Instruments	  have	  absolute	  
calibra*on	  uncertain*es	  that	  can	  
be	  evaluated	  during	  measurement	  
overlap	  periods.	  

o  	  The	  merged	  self-‐consistent	  data	  
shown	  have	  been	  used	  in	  many	  
studies	  of	  ozone	  trends	  and	  effects	  
of	  solar	  cycle	  forming	  an	  important	  
part	  of	  the	  evalua*ons	  by	  the	  
UNEP/WMO	  Ozone	  Assessment.	  

N7 TOMS

N7 SBUV

Backscatter Ultraviolet Satellite Instruments

1980 1985 1990 1995 2000 2005 2010
Year

N18 SBUV/2

EP TOMS
OMI

N17 SBUV/2
N16 SBUV/2

N11 SBUV/2
N9 SBUV/2

2015 202019751970

N4 BUV

N19 SBUV/2

Total Ozone (60oS-60oN) Area-Weighted Mean

1970 1980 1990 2000 2010
Year

270
280

290

300
310

Oz
on

e (
DU

)

1979	   1984	   2001	   2011	  



Stolarski	  11/7/2011	  Int	  Year	  of	  Chem	  

First	  Presenta*on	  of	  
Anomalously	  low	  Ozone	  

Concentra*ons	  from	  TOMS	  
Measurements	  (IAGA,	  1985)	  

Bhar*a,	  P.K.,	  Heath,	  D.F.	  &	  Fleig,	  A.F.	  (1985,	  August);	  Observa(on	  of	  anomalously	  small	  ozone	  
densi(es	  in	  south	  polar	  stratosphere	  during	  October	  1983	  and	  1984.	  (Paper	  presented	  at	  the	  
Symposium	  on	  Dynamics	  and	  Remote	  Sensing	  of	  the	  Middle	  Atmosphere.	  	  5th	  Scien*fic	  Assembly,	  
Int.	  Assoc.	  of	  Geomagn.	  and	  Aeron.	  (IAGA),	  Prague	  Czechoslovakia)	  

Similar	  figure	  later	  appeared	  on	  the	  cover	  of	  the	  
Journal	  of	  Chemical	  Educa*on	  (May,	  1987)	  
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Ini*al	  Measurement	  of	  the	  Yearly	  	  
Progression	  of	  the	  Ozone	  Hole	  

•  Discovered	  in	  ground-‐based	  measurements	  
at	  Halley	  Bay,	  Antarc*ca	  [Farman	  et	  al.	  1985]	  

•  Geographical	  extent	  determined	  from	  TOMS	  
satellite	  measurements	  [Stolarski	  et	  al.	  1986]	  
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Elonga*on	  and	  Rota*on	  of	  Ozone	  Hole	  As	  
Vortex	  Responds	  to	  Meteorological	  Varia*on	  

TOMS	  
measurements	  
showed	  rota*on	  
of	  the	  Antarc*c	  
spring*me	  
minimum	  in	  
ozone	  and	  that	  it	  
followed	  the	  
rota*on	  of	  the	  
polar	  vortex	  
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Global	  Ozone	  Trends	  

•  The	  ozone	  hole	  is	  quite	  obvious	  and	  easy	  
to	  detect	  	  
	  once	  you	  understand	  that	  the	  unexpected	  low	  values	  of	  
ozone	  are	  not	  an	  instrumental	  ar*fact	  

•  Trends	  around	  the	  rest	  of	  the	  globe	  are	  
smaller	  and	  more	  difficult	  to	  detect	  	  
	  thus	  requiring	  careful	  aSen*on	  to	  calibra*on	  
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Ozone	  Trends	  Panel	  Report:	  1988	  

TOMS	  Ozone	  Measurements	  
Normalized	  to	  Ground-‐Based	  
Measurements	  
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Trends	  derived	  from	  TOMS	  data	  

o  Drim	  corrected	  using	  “pair-‐
jus*fica*on”	  method	  
(Herman,	  et	  al.,	  JGR,	  1991)	  

o  Sta*s*cally-‐significant	  
trends	  in	  Antarc*c/
Southern	  mid-‐la*tudes	  

o  Also	  significant	  trends	  in	  
northern	  mid-‐la*tudes	  in	  
winter/spring	  

o  Using	  data	  through	  1990	  

from	  Stolarski	  et	  al.,	  GRL,	  1991	  
V6	  Data	  
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o  SBUV	  incorporates	  6	  more	  wavelengths	  than	  TOMS	  
	  allowance	  for	  profile	  shape	  dependence	  of	  total	  ozone	  

determina*on	  

o  SBUV	  algorithm	  uses	  *me-‐independent	  a	  priori	  	  
 No	  aliasing	  into	  trend,	  more	  noise	  in	  individual	  profiles	  

o  TOMS	  uses	  complex,	  *me-‐dependent	  a	  priori	  
 less	  individual	  profile	  noise,	  beSer	  daily	  mapping	  
 less	  appropriate	  for	  long-‐term	  trends	  

We	  Now	  Use	  SBUV	  Rather	  Than	  
TOMS	  for	  Trend	  Detec*on	  

O3(meas)	  =	  α	  O3(actual)	  +	  (1-‐α)	  O3(a	  priori)	  

dO3/dt	  (meas)	  =	  α	  dO3/dt(actual)	  +	  (1-‐α)	  dO3/dt(a	  priori)	  

(P.K.	  Bhar*a,	  presenta*on	  at	  EGU/AGU,	  Nice,	  France,	  2003)	  
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What	  determines	  the	  requirements	  for	  
calibra*on	  maintenance?	  

•  Ini*al	  issue	  was	  detec*ng	  trend	  consistent	  with	  
CFC/chlorine	  changes	  

•  This	  was	  followed	  by	  search	  for	  slow-‐down	  and	  
leveling	  off	  of	  trend	  

•  Now	  looking	  for	  sta*s*cally-‐significant	  increase	  

•  ASribu*on	  is	  a	  more	  difficult	  problem	  
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What	  is	  the	  aSribu*on	  problem?	  

o  EESC	  (measure	  of	  ODSs)	  
projected	  to	  decrease	  at	  about	  
1/3	  the	  rate	  of	  increase	  during	  
1980s	  leading	  to	  recovery	  
(increase)	  of	  ozone	  

o  GHGs	  cool	  stratosphere,	  
slowing	  down	  rates	  of	  ozone	  
loss	  reac*ons	  (thus	  increasing	  
ozone)	  

o  Both	  lead	  to	  more-‐or-‐less	  linear	  
increase	  in	  ozone	  predic*ons,	  
thus	  difficult	  to	  separate	  



Stolarski	  11/7/2011	  Int	  Year	  of	  Chem	  

The	  Post-‐CFC	  Ozone	  Layer	  
	  What	  will	  the	  stratospheric	  ozone	  layer	  look	  like	  amer	  CFCs	  have	  been	  removed?	  

•  Greenhouse	  gases	  cool	  
the	  stratosphere	  

Results	  from	  GEOS	  CCM	  
2065-‐1980	  

F.	  Li	  et	  al.	  ACP	  (2009)	  
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Net	  result	  is	  a	  column	  ozone	  
increase	  at	  mid	  to	  high	  
la*tudes	  and	  almost	  no	  
change	  near	  the	  equator	  

Results	  from	  GEOS	  CCM	  
2065-‐1980	  

F.	  Li	  et	  al.	  ACP	  (2009)	  
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Fit	  to	  deseasonalized	  ozone	  *me	  series	  
EESC	  +	  Solar	  
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Fit	  to	  deseasonalized	  ozone	  *me	  series	  	  
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Merged	  Ozone	  Data	  Set	  Produced	  from	  30+	  Years	  of	  	  
TOMS	  and	  SBUV	  Measurements	  

o  BackscaSer	  ultraviolet	  instruments	  
(TOMS	  and	  SBUV)	  have	  been	  
measuring	  the	  total	  column	  
amount	  of	  ozone	  con*nuously	  
since	  1978.	  

o  	  Instruments	  have	  absolute	  
calibra*on	  uncertain*es	  that	  can	  
be	  evaluated	  during	  measurement	  
overlap	  periods.	  

o  	  The	  merged	  self-‐consistent	  data	  
shown	  have	  been	  used	  in	  many	  
studies	  of	  ozone	  trends	  and	  effects	  
of	  solar	  cycle	  forming	  an	  important	  
part	  of	  the	  evalua*ons	  by	  the	  
UNEP/WMO	  Ozone	  Assessment.	  
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What	  I	  have	  not	  discussed	  

o  Importance	  of	  process	  studies	  driven	  by	  
measurements	  of	  the	  variety	  of	  other	  molecules	  
important	  to	  determining	  the	  sensi*vity	  of	  ozone	  to	  
ODSs	  (e.g.	  ClO,	  NO,	  NO2,	  ClONO2,	  HCl,	  OH	  and	  many	  
more)	  

o  The	  important	  role	  of	  ground-‐based	  data	  that	  can	  be	  
calibrated	  on	  demand	  

o  The	  role	  of	  high	  ver*cal	  resolu*on	  satellite	  
measurements	  of	  the	  ozone	  profile	  
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Conclusions	  

•  Measurement	  of	  future	  ozone	  change	  is	  the	  ul*mate	  
test	  of	  our	  predic*ons	  

•  PaSerns	  are	  important,	  but	  changes	  are	  small:	  need	  
precise	  measurements	  with	  well-‐maintained	  
calibra*on	  history	  
–  Mul*-‐decadal	  effort	  on	  the	  part	  of	  measurement	  teams	  

•  Independent	  measurement	  systems	  provide	  cri*cal	  
corrobora*on	  of	  results	  

•  Measurement	  of	  other	  cons*tuents	  demonstrate	  
mechanisms	  and	  test	  processes	  and	  how	  they	  are	  
incorporated	  into	  global	  models	  


