Uncertainty improvement optimized using the GMI model for Umkehr ozone profile retrieval
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records (Figure 1). The averaged bias is shown for ozone profile (panel a) and as time-dependent offset in OMPS(2012-2017), OMPS_LP(2012-2017), OMPS_NOAA(2012-2017), GMI_Merraz(2000-2016), SBUV(1982-2017), SAGEII(1987-2005) and
time series for upper stratosphere (panel b). Operational UMKo4 retrieval (upper row in panel a) and Ozonesonde(1982-2017)). 75 T Py T
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(CM, color legend indicates satellite record). The overpass satellite data are spatially (less than 200 km) and - ® OPT diff  ®SLC dif B GMI_Merra B UMK - ( a) _
temporally (within 24 hours) matched with Umkehr measurements at the station. The Umkehr Averaging e MEO' Layer8id-2hia) A 265
Kernels (AKs) are applied to smooth the overpass satellite profiles prior to comparisons. 1 10 ?8« 7 oo | =008 Linesr 02890
. . === SND_Linear -0.16%/yr
Operatlonal UMI<O4 retrleval 8 13 g Boulder Layer 3 (127 - 63.3hPa)
1 o L — , g | Ozonesonde appl!ed_ AK and de-seasona_lized (1998-2008)
g 12 - 0 = 45 Optimized Umkehr correction
) @ MLO -9 (a) O 11 = 3
" - O ) Q Yy
. 1 € - 8 10 & 10 x 2
i - : = 8
s = = -7 9 > 35
6_“ 1 O _: - — 8 U 20 - === DOB_Linear -0.32%/yr
- -6 9 ' | : | : | ' | ' i = SND_Linear -0.33%/yr
@ . - 3 2000 2002 2004 2006 2008 2010 AN N R AR
— ) i -5 = 1995 1999 2003 2007 2011 2015
03, _ . % Figure 5. (a) Instrument calibration shows the layer 8 which influenced the time-series ozone. Green dots optimized. (b) Time
D . N -4 5 series of the optimized Umkehr retrieval and ozonesonde in Boulder.
(a - =
100 - — -3 ) :
| i O P Summary and Discussion
: © - Mo 8 [ 1 The OMPS_NASA difference with all the satellites from three UMKo4 retrievals
= u . ' | ' | | ' l ' & @ OPE @=®SLC (@» OPT ol @ OPE @B SLC €@ OPT
-20 10 0 10 20 30 -20 10 0 10 20 30 e IS | " | o
UMK-CMP, difference (%) UMK-CMP, difference (%) | & o — OMPS_NASA
il - ) ‘ - 8
Standardized Stray Light correction (SLC) = . : _ ] ‘v\‘_r MILO |7
© = 3] = | .
1 - - «fp= OMPS_LP < 10 & 10 PN Y
] ] MLO "2 owps o E ] 2 ] -
i - 8 &% : 7 ! -
. 1w N - < GMI_MERRA2 o i o - 5
o 10 = E E 0 100 - & 100 - |
r—} 6 =#= SBW ] ] @
= A _ ! ]
= g _ -5 adem SAGE i i 1
g E E — 4 & SONDE R T | T l | I - T | T T l T
@ s - -20 -10 0 10 20 -20 -10 0 10 20
a 100 — — -3 UMK-OMPS, difference (%) UMK-OMPS, difference (%)
. - =2 Figure 6. The same as figure 4 but, mean difference with OMPS_NASA satellites from three UMKo4 retrieval.
: - Seasonal difference NASA OMPS from three UMKo4 retrieval
| I | I I | I I | | l |
-20 -10 0 10 20 30 -20 -10 0 10 20 30 10 UMK-OMPS UMK-OMPS SLC (% UMK-OMPS OPT (%)
UMK-CMP, difference (0/0) UMK_CMP, difference (%) \J £ 3 T T ¥ T T T T i q.i; u \ I 3 \ / T
(b) i ) . b " q & _
" BDR L8(4~2hPa) _ 5 MLO L8(4~2hPa) 0 - 81 - i
S L lib J ;
0 S alibration 0 S 7_
S — % changed O
S <@t 0 EJ ) ; "_ ——T YT XX == 0 ¢ E 6 0 I
c °: 8 e s R G ] oI
o 10 5 o 1 10 7 T 5 =1
- - g N = - S
St N H g S | @ 4 | o
W I . A, e D ALt | sl | W T || N Y : A WA PN
0 1 3"‘F'*3\=.;7-"“ iy | ,‘f (T ‘n\\ "Lﬁr' ”1 v i 1Y ¥R -30 é 10 Pubevh ¥ SW A T | J""““# o WSl M A PG 30 é . _f\o .
; : Ll indt| B 03 : ‘ 40 3 Y
: - GMI MERRA?2 = Dob o Diff « GM1_Merra? UMK  oDiff 2_ / -5 0 I
o , . : — -50 8 0 { ) { /
2000 2004 2008 2012 2016 2000 2004 2008 2012 2016 ¢ /\ 1 ,

3 5 / 9 11

Figure 1. Comparison between overpass satellites and Umkehr retrieved ozone. (a) Operational UMKo4 retrieval (upper row) and Standardized

Stray Light correction (bottom row). BDR-Boulder, CO, MLO - Mauna Loa observatory, Hawaii. Comparison periods are different depending on . _ . . Month
satellite record. The period of volcanic aerosol interference is removed for an average. (b) The time series for ozone in layer 8 (4-2 hPa) are shown Figure 7. Seasona% biases betwe.zen Umkehr in Bould.er and JPSS / OMPS satellite overpass record. ffhree. panels show results for
for Boulder (left) and MLO (right). Standardized Stray Light correction is applied to correct Umkehr record. Dobson instrument calibration dates three Umkehr retrievals: operational (left), standardized correction (middle) , Optimized correction (right). The biases are
are shown as orange dotted line. significantly reduced in case of the Optimized correction.
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Dobson Umkehr measurements are made using the information from the C wavelength pair (311.5, — understood, but the optimization using the GMI model >
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The Umkehr ozone profile processing is biased by the interference of out-of-band stray light into the " . . .
measurement (Petr lovskikh et al., 2011). The algorithm takes int nt the stray light correction @o ek 7e0 7h0 a0 eso sco  NIEPS://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/). The correction is based on GMI ozone profile data
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NSlC — N(W, Z) + dNSlC(03, P’ Z) Figure 2. Stray hght correction (N- (Chemlstry—Chmate Modelhng Imtlatlve, Morgenstern et al., to homogenize MLO Umkehr record. The
value) is shown as function of solar ~ 2017) emissions and boundary conditions. MERRA-2 uses " - ds coinside with Dobson
dN,,.is estimated from look up tables that are dependent on latitude, altitude (p), solar zenith angle (z),  zenith angle. A dashed box region is S P S By PErors O e Y o
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and total ozone (O,). Figure 2 is applied for Boulder. applied in Boulder. microwave observations, and ozone satellite measurements. R-N tables (see color legend for time periods).



