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5. L2 Data Processing
and Product Status

Makoto Suzuki*?
Chihiro Mitsuda™?, Takuki Sano*2, Naohiro Manago™3,
Eriko Nishimoto*24, Yoko Naito*, Chikako Takahashi*?,
Koji Imai*>, Masato Shiotani*

*1: Fujitsu FIP, *2: ISAS/JAXA, *3: Chiba Univ., *4: Kyoto Univ., *5: TOME R&D

5.0 Outline

+  Design and development before launch
— Were the L2 related activities adequate or not ? Well designed ? Within schedule ? Acceptable
processing speed ? Well-prepared for on orbit operation ? Easy to improve ? Well documented and
published ?
— Subjects
+ Sensitivity study, and design study
» Forward model: Precision and Accuracy.
* Retrieval: Setting, A priori
*  Spectroscopy
* L2 Improvement After The Launch
— Was the L2 system operated and improved appropriately, on subjects, schedule ?
— Subjects
« L2:retrieval setting, a priori, retrieval altitude, Tikhonov Regularization
+ L1B: AOS characteristics, Frequency Calibration, Non-linearity, Pointing knowledge, data flags
* Spectroscopy: Spectroscopy review using SMILES data, O3 and O3 isotope laboratory measurements
* Remaining L2 Issue
— Are the plan for the L2 improvements adequate ?

— Subjects for future improvements
* L1B: Non-linearity
» L2 v3.0: a priori modification, Tikhonov regularization to all (as many as possible) species
+ L2v3X
— Baseline fitting for unexpected AOS characteristics
— Non-Voigt line-shape calculation
* Spectroscopy: Ganmmaair, n, pressure shift, Non-Voigt line shape.

e Overall

— Are the L2 related activities performed adequately as the space agency and the science
institute ? Are the L2 related scientific results published timely ?
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5. Outline

5.1 Design and development before launch
5.2 L2 Improvement After The Launch

5.3 Remaining L2 Issue

5.4 Summary

— Are the L2 related activities performed adequately
as the space agency and the science institute ?

— Are the L2 related scientific results published
timely ?

5.1 Design and development before
launch

+ Were the L2 related activities adequate or not ?
— Well designed ?
— Within schedule ? (Schedule management, Budget, Man power/Personel)
— Acceptable processing speed ? (Algorithm, mathematics, CPU)
— Well-prepared for on orbit operation ?
— Easy to improve ?
— Well documented and published ?
» Subjects
— Sensitivity study and design study
— Forward model: Precision and Accuracy.
— Retrieval: Setting, A priori
— Spectroscopy
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L2 Algorithm

Overall requirements described in
SMILES Mission Plan (2002)

Sensitivity study and algorithm design
(2006-2009)

Pre-launch L2 system
Improvement after the launch
Remaining Issues

Characteristics specified in SMILES
Mission Plan

Detail atmospheric and instrument forward model was required.
— Random noise in spectra, < 0.5K (0.5 s integration)
* 0.01 K atmospheric forward model precision.
— Antenna pattern (Mission Plan, 3.2.4.2)
« Antenna pattern must be considered.
— Pointing knowledge (relative) (Mission Plan, 3.2.6.2)

* 0.0015° or 60 m (1sigma), which was found to be performance
limiting factor,

— Sideband Separation (Mission Plan, 3.3.2.2)

— Acousto-optic Spectrometer, Frequency Characteristics
(Mission Plan, 3.3.3.1)

— Frequency Calibration (Mission Plan 3.3.3.2)
+ as better as 30 kHz

This document is provided by JAXA.
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Figure 3.18 Effective antenna response pattern.
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Mission Plan: Antenna Pattern

Mission Plan: Image band rejection
characteristics (left), and contribution of image
band to Band C observation (right)
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(c) Image rejection characteristics in LSB. (d) Image rejection characteristics in USB.

Figure 3.28 Coupling coefficient Kj; for signal transmission and image rejection of the
SSB filter designed for SMILES. +: Exact theretical calculation for SSB filter; green
curves: least-squares fit to the exact calculation; blue curves: simplified model for SSB
characteristics of SMILES optics.
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Figure 3.31 The effect of the image contributions in Band-C.
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Mission Plan: Characteristics of Acousto-
Optics Spectrometer (left) and Spectral
Calibration Accuracy (right)
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Figure 3.33 Frequency response function of the SMILES/AOS. The typical resolution

bandwidth is 1.35 MHz.
Figure 3.34 Residuals from the frequency fit with comb generator. 1 Ch. corresponds to

approximately 0.8 MHz.

Sensitivity Analysis and
Algorithm Study

« Sensitivity analysis and Algorithm
studies have been conducted JAXA/
ISAS during FY2006-FY2008 (Mar.
2009).

 Forward Model, Inversion, and A Priori
have been studied.
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Results of Prelaunch Sensitivity Analysis.
0.01 K forward model precision and Instrument Characteristics
affect retrieval are considered as much as possible.
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Figure 1.4 Altitude coverage of the JEM/SMILES data estimated from preliminary re-
sults of simulation studies assuming 0°N standard profile for each molecular species except 0 010203 04 0'5_ 06 07 08 09 1
for C1O for which the standard profile for polar region is assumed. Refer to Chapter 4 for Error ratio [-]

more details. . . . : : .
Fig. 9. Retrieval precision of target species that can be retrieved from single-scan data.

SMILES Mission Plan v2.11 (2002) Takahashi, Ochiai, Suzuki (2010)

A priori accuracy
10° latitude bin, monthly a priori

Error at the tropics
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Fig. 5. Estimations for the influence of priori profiles in Oj retrieval (in
this case, a priori profiles are same as initial profiles). The solid red line is
the random error of O3. The other lines are additional errors between the
true profiles of O3 and the retrieved profiles of Os that are the final results
of the iteration process in the cases where the differences between the a
priori profiles and true profiles are +5%, +10%, and +50% (top: mid-
latitudes, bottom: tropics). (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this
article.)

Takahashi, Suzuki, et al. 2011
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Whole spectra fitting (instead of step-by-step or window
approach) is necessary to achieve 1% O, precision at 20 km.
Windowing may introduce >10% error at 15 km or below.

true:a priori = 2:1 true:a priori = 3:1

70 =

i Retrieval effor
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Fig. 2. Simultaneous retrieval of ozone and HOCI. The red (solid) line indicates the retrieval precision in ozone retrieval, the green (dashed) line indicates
the incremental error in ozone retrieval without HOCI, and the blue (dotted) line indicates the incremental error in ozone retrieval with HOCL. In all these
cases, the true profiles of HOCI are 100% (Right) and 200% (Left) greater than the a priori profile of HOCI. Here, the incremental error is defined as the
difference between the true profile and the retrieved profile.

Takahashi, Ochiai, Suzuki (2010)

Wind data should be provided for the retrieval. Or, 100 kHz frequency

calibration error gives equal to 50 m/s wind velocity error.

10m/s wind velocity error in the stratosphere and 20 kHz frequency calibration

error should be achieved. Meteorological data, GEOS-5, is required.
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Fig. 3. Effect of wind. The red (solid) line indicates the retrieval precision of ozone. The other lines indicate the error due to the difference between the
reference profile and the true profile of wind. (The wind velocities for the pink (fine dotted), blue (dotted), and green (dashed) profiles are 50, 10, 5 m/s,
respectively. The definition of the incremental error is the same as that in Fig. 2.

Takahashi, Ochiai, Suzuki (2010) 14
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Elliptical Antenna Pattern requires 2D IFOV integration, 2D IFOV
integration with 1° roll precision should be implemented.
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Fig. 4. Error due to inclination of antenna scan axis. The red line (solid) indicates the retrieval precision of ozone. The other lines indicate the error due to
the inclination of the antenna scan axis. The inclinations of the antenna scan axis in the aqua blue dashed-dotted, pink (dotted), dark blue, and green
(dashed) profiles are 15°, 10°, 5", and 1°, respectively. The definition of the incremental error is the same as that in Fig. 2. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)

Takahashi, Ochiai, Suzuki (2010)

Antenna pattern including far field affect retrieval. 0-90 km far field is included

Fig. 3 Two dimensional (Elevation, Azimuth) SMILES

antenna pattern.

Fig. 4 One dimensional antenna pattern in elevation axis
without antenna motion (dark), and with antenna motion
(light).

Suzuki et al., (2011)

forward model calculation to achieve 0.01 K forward model precision. But only 5 far
field rays must be included to achieve this precision.
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Fig. 5 Averaged retrieved profiles (red: moving antenna, blue: fixed antenna), relative difference normalized to a priori
of L2 ver. 1.3 O; (upper left), temperature (upper right), HCI (lower left) and BrO from SMILES Band A (lower right).
261 observations are averaged in Oct. 12, 2009 at equatorial region N10-S10.

Suzuki et al., (2011)
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Line selection applied to choose 2000-3000 lines per
band, 80% of lines are out of band contribution. Weak
lines less than 0.01 K are neglected.

Ozone
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Fig. 5. Error due to line selection. The red (solid) line is the retrieval precision of ozone, and the green (dashed) line indicates the incremental error in
retrieved ozone due to line selection. The definition of the incremental error is the same as that in Fig. 2.

Takahashi, Ochiai, Suzuki (2010) .

Forward model: frequency grid: For each AOS spectral bin, 54
(AOS1) and 49 (AOS2) frequency grids must be considered with
0.2 MHz step <+2.4 MHz from AOS center, and 0.4 MHz step at
2.4-8.0 MHz, to achieve 0.01 K radiance precision.

Grid pitch of integration of AOS response function
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from center sensitivity step from center sensitivity step
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Difference of brightness temperature due to grid correction in integration
of AOS response function (integration step: 0.2MHz, integrated range: -40.0 FY2009 FIP progress report to

- 40MHz) JAXA (Mar. 2009)
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~900 frequency grids
are carefully selected
to achieve <0.001K
forward model error by
the interpolation at the
all 12,000 spectral bins
(100 kHz sampling) in
the retrieval system.

Takahashi, Ochiai, Suzuki (2010)
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Fig. 6. Residual error due to frequency selection. Top: spectrum of band A abtained by using equal frequency step of 0.1 MHz, middle: spectrumgof band A
obtained by using unequal frequency steps produced by our algorithm, and bottom: residual error.

A fast Voigt function algorithm was
developed for the L2 forward model

1000

T
Region 0

100 ¢
Region 1
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X

0.1

Fig. 2. The five regions in the x—y plane (region 0: Lorentz approximation;
region 1: Gauss-Hermite quadrature 2 points; region 2: 4 points; region 3:
5 points; and region 4: 7 points, respectively). The regions 1-4 are
originally relevant for Humlicek’s approximation of the Voigt profile
function.

Table 1

Maximum and standard deviation of relative error between Armstrong’s
and other algorithms for the narrow and the wide range.

Algorithm ~ Narrow range Wide range

€max Esid €max Esid
This work 938 x 107 131x 107  252x 107  7.88x 107
Humlicek 488x 107 120x 107 841x 107  3.09x10°°
Hui 105x 107 115x10*  1.03x10°  1.80x 1077
Table 2

Computing time in seconds for the narrow and the wide range.

Algorithm Narrow range x10° (s) Wide range x10° (s)
This work 0.128(3) 0.150(3)
Humlicek 0.627(2) 0.586(4)
Hui 0.136(3) 0.375(2)
Armstrong 3.26(3) 2.435(2)

Imai, Suzuki, Takahashi (2010)
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Spectroscopic studies for SMILES
carried out by Prof. Amano et al.
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Fig. 2. Pressure dependence of line broadening of the 625.371 GHz line of Os. Error bars indicate 1o limits. F!gs 2. The Lorentzian widths I' and the Gaussian widths I' of the Fig. 3. Typical line profiles measured for the H*Cl J = 1-0, F= 2.5~
H®Cl J=1-0, F=25-15 transition for the oxygen-gas effect, 1.5 transition in the Ny-broadening experiments is reproduced.
obtained by modified Voigt profile analysis, are plotted versus O, Displayed are transmittance spectra, which are the transmission
pressure. To compare with the theoretical Doppler HWHM, the - intensity divided by the background (incident) radiation. The open
Gaussian widths are presented here as the HWHM., ic., (In2)"” I's. circles represent observed values and the solid lines are the best-fit

O 3 , p re s S u re b ro a d e n | n g . The I'g value decreases with the increase of pressure, and are smaller Galatry profiles determined by the LS analysis.

than theoretical value calculated for the temperature. The error bars
for the width indicated are one standard deviation estimated by the
Yamada and Amano (2005 protle it rocsdure. The horsonal o ars indit the pressure

changes during the measurement. Table 1

Table 1
Halfwidth parameters of BrO

e w277 G w017 otz HCI, freq., pres. broadening, galatry contraction.
o OWTe) d o (7t ’ Morino and Amano (2005).

N2 324 (5) 0.76 (5) 320(7) 0.84 (7)
0: 233 (6) ~093 (7) 241 (6) ~0.70 (7)

70 is the pressure broadening coefficient at 296 K, and n is the temperature dependence exponent.

Pressure broadening of BrO
Yamada et al. (2003)

21

L2 Prelaunch Algorithm satisfied Mission Plan requirements. Even though
calculating 10* times detailed forward model compared simple model (simulation
studies for SMILES), JAXA L2 processing system performed real times basis (L2

processing time is about same of the observation time)

|| JAXA (Feb. 2009)

Antenna Pattern Yes
Image band
Rejection

Acousto-Optics
Spectrometer
response
function

Out of band lines Yes

Whole spectrum
fitting

Yes

Yes

Yes

22
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L2 system

JEM/SMILES Data Processing System for Level 2

7 Control and Check
by System Operator

L1B Data Servet

Browse by
System User

Notification of Failure
and Report by E-mail

Backup Server

Internet

L2 Job processing

Operation Management Server (Xeon3.16GHz x4, 4}213Mem, RedHatEL5 32bit) SMILES L2 Data Sarver
(Xeon2.66GHz x4, 4GBMem)
L1B data ‘ Scheduler ‘ ‘ Log Man. ‘ System Validation and (Debian5 64bit)
Transporter Watch Evaluation
Create Products
Job Management ‘ ‘ DB Man. ‘ Uploader
| -
Di
General Product
Job Assign- Processing nodel-5 (Xeon3.16GHz x8, 8GBMem, Debians 64bit) Research Product
ment L2 Job processing SMILES Infomation
1TB)
[
[
i 7,8 (Xeon2.93GHz x8, 8GBMem, Debian5 sum)

Data Server
(Xeon 3.0GHzx4. 6GBMem, Debian6, 64bit)

Storage Devi
(Brigad-3 12FA,
RAID10, 12TB)

Support Server
(Xeon3.16GHz x8, 4GBMem, Debian5 64bit)
Develop New Algorism

0

103

23
L2 System CPU Configureation
Operati | Calc. Calc. Backup Web Dev. RAID RAID Working L2 UPS
on Mgt. | Node Node PC Server Support | (typel) (type PC Switch
(type A) | (type B) 1)

Type HP HP HP HP HP HP Plat’Hom | Brigad- HP dc7900 HP APC

Proliant Proliant Proliant Proliant Proliant xw8600 | e 3 12FA ProCurve | SmartU

DL360G5 | DL360G5 | DL160G6 | ML350G5 | ML350G5 | €T TrusRAID PS1500
Model 1u 1u 1u Tower Tower Tower 3uU 3U Desktop 1u
Number | 1 5 3 1 1 1 2 1 3 2 5
CPU Xeon Xeon Xeon Xeon Xeon Xeon Core2 Duo

L5460 L5460 L5570 E5430 E5430 L5460 E7300

3.16GHz | 3.16GHz | 2.93GHz 2.66GHz 2.66GHz 3.16GHz 2.66GHz
Core 4 8 8 4 4 8 2
Memory | 4GB 8GB 8GB 4GB 4GB 4GB
Power 2 2 1 1 2 1 2 2 1 1 1
HDD 72GBx2 72GBx2 160GB 72GB 1TBx2 500GB + 7TB 12TB 250GBx2

(SAS) (SAS) (SATA) (SAS) + (SATA) + 1TBx3 (SATA) (SATA)

+4.5TB 178 1.5TB (SATA)

N/W intra, prvl, prvl, intra internet intra, intra

prvl, 2 prv2 prv2 prvl, 2
oS RedHat5 | Debian5 | Debian5 | Debian5 | Debian5 | Debian5 Vista
Other equipments:

19inch rack x 3, Rack mountable console display, Blu-ray drive (for data backup)
24
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Forward model

L1BE Data
Tilt of 155 Tangent Alt.  Geometry Info. Measured Data
Antenna pattern{![)} --- Altitude offset

...--- Profiles

Make 1D Antenna F'attr-_-rn

Antenna pat. 1D

-- Spectroscopy Data

- Frequency Grids

Radiative Transfer

E e mnem amn s T 0 Inclination of scan axis
e Wind

---------- LOS velocity

.......... AOPT Temperature

" Sideband Separator

---------- AOS channels
" AOS response func.

Output items: -
-5 pE-ttl‘l.i m M e e S e e e R L S e H
- Weighting function (WF)

Forward model is one of the most important part to
determine the accuracy and its computing cost

Inversion model

* Optimal Estimation Method + Tikhonov
Regularization Method

— Observation vector y =f(x)+¢
(x : true, € : observation noise , f : Forward Model)

— Deriving the results which minimize 7

# =[y-f(x}]T S, [y-f{x]]+[x—x,]TSd[x—xu]H:r[x—xu]T L'L[x-x,]
(x, : apriori, 5, : covariance of a priori, 5 covariance of observation
noise,

a: regulization factor, L: Regulization matrix |

* Non-linear case [Levenher Marquardt Method)
X, =X P{g +(al’L)" +K'S K, +18; }EHK’S x)]+8 [x-x,]+(aL'L| | [x-x ]}

(K; : Weighting function, vy : Levenberg-Marquardt parameter )
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A prlorl dataseto exist, : v1.0, @: v2.4
Climatology
Aura/ UARS/ | CCSR/NIES | WACCM4 WACCM4 Aura/
MLS? MLS? ccms ccm4 CTM® MLS?

o0 O O O O O

HCl (1) ® ® ®
clo Ce ® ® O
I ee O O ®
o : o
(1o ° O O
B o e O @
Il o e ® ®
O ® ® (1) ® @
B o ® ® o0 O ®
| Wind | O O o0 O
Il o O O (1] O

*1: Monthly average for 2005-2007 by EOS-Aura/MLSv2.2 / *2: Monthly average for 1992-1994 by UARS/MLS / *3: Monthly
average on the CCMVal-REF2 run for 2001-2010 by CCSR/NIES CCM /  *4: Monthly average for same month by WACCM4 CCM
nudged with GEOS-5 / *5: Near-realtime analyses produced by NASA/GMAOQ’s GEOS-5 DAS included Aura/MLS O3 and Temp 27 *6:
CCM Simulations by SD-WACCM nudged with GEOS-5 (not included Aura/MLS) / *7: Gridded data for same day by EOS-Aura/MLS

v2.2
! ' 0o,
100 . 20km H37CI H |
{ o —— o /
g- | 30 km M\ |' l‘
] g |
gol~ Al [\ ]
"] | 40 km
I 3 | 18000
e "'°°T HNO, \’\U\
E 1? i, ‘/‘ ‘ ' : o3(v2)
2 TH SRS 1t
™ |
& | l HOCI -
‘ CH,CN Band A Os1,3 \
0.1 CH,CN  CH,.CN an BandB | o,
B 1 4 3 624.32-625.52 || $25.12-626.32 GHz
e A G . " " i
=) e T 650 L msy ey ey €52 €254 656 258 €260 682 %4
Frequency, GMr Frequancy, Gz
BandC|| § p| pect
1000 000  CIO | 649.12-650.32.GHz || ampie Spectra
Band A:
e} e There are strong 03, HCl lines and HOCI, CH3CN
£ lines.. BrO/HNO3 are worse than other band’s
(7] X
[ profiles.
3 Band B
2 HNO, ® There are same O3 line and other HCl lines. HO2, 03
z Ll isotopes are observed.
g’ ' e 01700 lines are located wing of HCl and outside of
m useful frequency, it is more difficult than other
isotopes..
0.4 ; . O350 O""(‘”’s”z) : Band C e
6402 ol 60s 6405 6500 6502 €504 e There are strong CIO lines and O3 isotopes, BrO and
Frequency, Giz HNO3, HO2 are observed.
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L2 Processing data for each band

Blue: processed / Grey: not

Check N Normal operation
> — — - - processed—>

A 1500 Fout
1000 | . a7
(AOS1) 500 |- | 1| o, H7CI T,
0 L L = . HOCI, CH4CN,
A oy (HNO3, BrO)
(AOS2) 500
0
B 1500 O,, H3®CI, T,
1000 .
HO,, 8000
500 . 25 )
(AOS2) 0 0700
c 1388 1 CIO, BrO, HNO,,
(AOS1) 500 HO,, 8000,
0 7000, (O3)
10/01 11/01 12/01 01/01 02/01 03/01 04/01
Stopping observation date Trouble of
ISS communication system

addle
e Since SMILES has only 2 recef)ivers, SMILES observed 2 bands simultaneously.
e In addition, band B and C were observed same receivers. So, band A was observed by
different receives due to band combinations.

e Number of nominal observed scan was about 1630 per day, howevr, one of retrieved scan was 1400. A few
percents of scans are not retrieved regularly due to calibration error in brightness temperature. Since the field of
view of antenna is near the ISS solar paddles, interferences with the paddles caused this error.

e  SMILES measured many useful scans which exceed 1200 per day on most days during operation period though
irregular data loss like the solar paddle stopping in front of SMILES field of view (2009/12/01 — 15), and
trouble of communication system of ISS/JEM (2010/02/25 — 03/05). 29

v1.0 (005-06-0024) L2 results example. Kikuchi et al. 2010
O; and HCI: quite acceptable. Others: need further studies.
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Figure 8. Comparison of coincident SMILES and MLS ozone profiles on 12 October 2009 at northern BrO VMR, ppt Precision, %

high latitudes: (a) the mean profiles for SMILES (blue) and MLS (red). (b) the differences between the

SMILES and MLS profiles in mixing ratio, and (c) the percentage differences.
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Figure 9. An example of HCI profiles from SMILES and a comparison with that from ACE-FTS: Figure 10. Examples of the retrieved and a priori profiles for (a) BrO and (b) HO,. Left: Marks and
() two profiles from SMILES on 12 October 2009, (1) at 5.1°N and 166.5°E (blue), (2) at 7.7°N and horizontal bars indicate retrieved values and one standard deviation in red. and those for the a priori pro-
168.4°E (green), and one profile from ACE on 13 October 2009 at 5.2°N and 170.7°E (red) within f(l) .obtf bars hc! csate e‘l © Ed, vsa ues and one standa d,dse ation in | ed, and those for the 3500 pro
24 hr and a distance of 500 km, (b) the differences between the SMILES and ACE profiles in mixing ile in blue. Right: S, total error; Sm, error; Sn, error.

ratio, and (c) the percentage differences.
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L2 v1.1 validation trial: O,

Suzuki et al 2010 (ISPRS Conference Paper)

ACE-FTS MLS

.
7

Figure 2. Example of Oy coincidence; ACE-FTS ver.2.2 (Red)
and SMILES (Blue) at latitude 66.0° and longitude 77.5°W on
Nov. 13, 2009, profiles (left), absolute difference (middle), and

relative difference (right). Two SMILESprofiles are compared

MLS profiles.
with 1 ACE-FTS profile.

Figure 5. Statistics of 75 O; coincidences with 31ACE-FTS
(ver.2.2) observations at the 55°N-65°N latitude region.

region.

Figure 3. Example of O3 coincidence; SMILES (red) and o
AURA/MLS ver.2.2 (Blue) at 30.9°S and 143.2°E on Oct. 23,
2009, similar to Figure 2. One SMILES profile is compared to 5

MIPAS (IMK)

? 2
( -

L I‘

Figure 4. Example of O3 coincidence; MIPAS-IMK (red) and
SMILES (blue) at 67.0°N and 101.5°E on Oct. 12, 2009, similar
to Figure 2.

Figure 6. Statistics of 61 O coincidences compared with 284 ~Figure 7. Statistics of 110 O; coincidences compared with 52
AURA/MLS (ver.2.2) observations at the 55°N-65°N latitude ENVISAT/MIPAS (MIPAS IML ver.40) observations at the

55°N-65°N latitude region.

31

L2 v1.1 validation trial: HCI

Suzuki et al 2010 (ISPRS Conference Paper)

ACE-FTS

Figure 8. Example of HCI coincidence with ACE-FTS, at the
event same as Figure 3.

Figure 10. Statistics of HCI coincidence comparison with ACE-
FTS at the 55°N-65°N region.

MLS

A 7
el LU S

5 >

Figure 9. Example of HCI coincidence with AURA/MLS, at the
event same as Figure 4.

Figure 11. Statistics of HCl coincidence comparison with
Aura/MLS at the 55°N-65°N region.

32
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5.2 L2 Improvements After the Launch

Was the L2 system operated and improved
appropriately, on subjects, schedule ?

Subjects

— L2: retrieval setting, a priori, retrieval altitude, Tikhonov
Regularization

— L1B: AOS characteristics, Frequency Calibration, Non-linearity,
Pointing knowledge, data flags

— Spectroscopy: Spectroscopy review using SMILES data, O3 and
O3 isotope laboratory measurements

33

Summary of released v1.X series

v1.0 (005-06-0024): for retrieval test (2010/01/23 release)

— Used L2 processing algorithms is designed before launch
(Takahashi et al., 2010, Imai et al. 2011).

— To keep data quality, no-error-flag L1B data were only
processed (ratio of processed scan is 55%)

v1.1 (005-06-0032): for mapping test (2010/04/19 release)

— To increase processed data, we cope with lack of orbital
information from Star Tracker Camera which is one of the
reasons of L1B error-flag. ( 55 -> 85 % )

v1.2 (005-06-0150): for turned model test (2010/09/15 release)

— Include turned AOS response model to reduce internal
inconsistency.

v1.3 (006-06-0200): for status flag test (2011/03/02 release)
— L1B data screening flag updates, etc.

34
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Major improvements in v1.X Series:
Reducing internal inconsistency

70 T T T T - T
via/ f 7
Relative Differences of so | V1S ] - —f 1
4 + N _I_
Temperature (left) E ol .1 V1.2 ] I \.\, i
3 N\ N\
and O, (right) profile g
between band A measured AOS1 g 40 - T [~ T
and band B measured AOS2, -
single scan i 7 i ]
Temp. 0O
20 1 1 il 1 1 1 L a8 1 L
20 10 0 10 20 20 -10 0 10 20
(B-AV/A, % (B-AY/A, %

* InV1.1, Temperature, O3 and HCl had 10% difference between band A measured
AOS1 and B measured AOS2. in V1.2 suppress them due to response function

turning.
*  SMILES has 2 acousto-optic spectrometers (AOS) and those response characteristics
have been modeled with triple-Gaussian model obtained by ground test data.

— We included turning factors to response function. It’s factor have been adjusted
that retrieved temperature agrees with SABER. As the results, differences between
band A measured AOS Unit 1 and band B measured AOS Unit 2 became a few

percents from 40km up to 60 km.
* In after versoin, we use new response functions obtained by orbit data. 35

Major improvements (2/2):
Screened data sample

flag updates (BrO,31km, C, 2010/01/03-24)

* Invl.2, error flag of FOV
interference couldn’t reject
unusable scans and in v1.3 can V1.2
due to L1B flag updates.

* There are 2 difference L1B
products, L1B and L1B_rev. L1B is
produced from only 1 data, and
L1B_rev is produced from target
scan and around 6 successive LO O
data in order to reduce the error
from receiver drift. V13

* In L2 processing, L1B_rev is
basically used. However, FOV

interference flag in L1B_rev
indicated interference information

only for target data, not include
for around data. O
e New L1B 006 include it. In L2 v1.3,
we can reject unusable scans . Local Time 36

Latitude

Latitude
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Summary of released v2.X series

v2.0 (007-08-0300): for non-linear correction test (2011/0ct/03
release)

— Used New L1B data v007 (including preliminary non-linear
corl%lelction, ochiai et al. 2012) to improve temperature
profiles.

V2.1 (007-08-0310): L2 algorism update (2012/Jan/12 release)
— Miner version up to improve only HOCI profiles.
— Itis the first public-release version.
v2.2 (007-09-0400): L2 algorism update (2012 June, Internal release)

— Update retrieval algorithms and a priori profiles to improve
mesospheric profiles.

v2.3 (007-09-0402): L2 algorism update (2012 Nov., Internal release)
— Miner version up to improve status flag.
— used in paper of Stachnick et al. (ACP)

V2.4 (008-11-0502): L2 algorism update (2013 Jan., Internal release)

— Update a priori profiles to improvements in mesospheric
profiles.

— used in paper of A. Smith et al. (submitted to JGR)

37

L2 v2.0

Obijective: ACE, MLS, SABER vs. SMILES v1.3
SMILES: band B, N40-N50,

W RGCL R G CICIUIGRIEN AcE: t<sh, r<500km

MLS, SABER: t< 1h, r < 300

— Temperature in v1.3, km

(ACE, MLS and SABER) £ 60 | : l )
— Since three data are consistent, this ¢ '
difference may be SMILES’s bias. g
2 o 4 4L}y k

— We recognized that this bias is the
largest issue in v1.X series. Temperature
is a basic parameter which
characterizes the atmospheric 20
structure. Temperature bias influence
other products. L

e 55- km : noinformation

* 50-55 km : 5 % lower 80 | ﬁ?ggzg — B
e 20-50 km : 2 % higher SABER1.07 ——

(Altitude selection: S/Sa < 0.5)

than other satellites

-10 -5 0 5 10 00 05 1.0

— We try 2 approaches to archive this Averaging Kernel
objective. OTHER-SMILES/SMILES, %

38
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Big impacts of non-linearity correction

Averaged profiles and standard deviation for observation

ri
pe O; (daytime, B) HOCI (daytime,

V2.0 A
V1.3

O; and HCI have strong lines in SMILES’s bands. These molecules
decrease by 5-10 %.

Since HOCl’s lines are located in O3 wing, the profile shape is
changed.

39

Updates of line parameters

We start re-check of line parameters.

Preliminary updates were included in v2.0 (O, line)
— We changed 03 position and pressure broadening parameter, residuals are reduced.

— We also changed positions of 18000 lines in band C, and fixed bug abog{?r%gﬁgg&(GHz)

grids. It improved 18000 profiles in high altitude.
40

This document is provided by JAXA.



112 JAXA Special Publication JAXA-SP-13-008E

V2.0: Correcting Temperature profiles

'(_3.o'inpidence result : SABER vs.

/ Light blue line:
not enough information
T D and return near a priori

—10 —5 o 5 10 profile

(SABER-SMILES) /SMILES*100

* SMILES temperature agree with SABER up to 50 km (difference within
1%) , and difference is within 2 % in mesosphere.

— 2% positive bias in upper stratosphere, and 5% bias in mesosphere is suppressed. They are major issues in v1.3 and it
is very good result.

* We can achieve v2.0 objective, to improve temperature profile.
— Next, we check other products..

€ T SMILE
S il | SYT-RE
s F 5 : = ]
© r ]
3 " .
< 60 - E Coincidence condition:
C ] difft<1h
C ] r <200 km
40 |- ] latitude : S35-S25
:_. _: Dark blue line:
C ] enough information
20 - from observed spectra

4

(preliminary) HCI systematic error analysis

Estimated impact of some systematic uncertainties,
like as to a priori, line parameter, and retrieval algorithms

\‘ I Retrieval algorithm error
70 I~ ’ . ncuicval GI\JUIIUIIII cHew

| 03 apriori error (20%)
|

60 - \ .

i

‘ 3 Retrieval algorithm
‘ o error

‘ Temp. apriori error (2-5K shows difference

50 |-

'i
wind apriori error (20m/s)  between

4
|
40 \ i .
\ o . o true profiles and
\ O3 gamma error (5%) unperturbed run.

30 ] ] HCI gamma error (5%) This error associated
-0.4 -0.2 0.0 0.2 0.4 with retrieval
diff. (ppb) formulation
and settings.

* HCl has about 0.2 ppb due to only a priori and line parameter’s
uncertainties.

* Inaddition, HCl error induced by HCl’s y,, error is constant in mesosphere.
This shows that SMILES’s results might have bias since profile is constant.

* We prepare to estimate another error factor like as radiometric calibration
error, other spectroscopy and evaluate HCl systematic error. 42
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Improvement in HCI products

Profile i i
HCl (B) % Relative diff o . , . Dqta trer'1d
80 L7 o \ 0 <
o V20 T
| 35
V1.3
_&® | [ i
§ & g
2 < y 0
2 ; L/ g a0
<% /. @0
» L »
”_’/ a priori 25
2 S — (1)v2.0 0 .
— (2v1.3 | [ EPUEOTPE DSRINIANS ] i e il |
0o 1 2 3 7 V5o s s L BRI e e e
HCI VMR (ppb) 100 <{(2)141))41) Year
¥ These figure show HCl case. X This figure shows HCI data trend by WMO
Line formats are same as previous figures. report.

* HCl decrease 5% in stratosphere, and 15% in mesosphere.

— And We can see one improvement in this version.

* HClin mesosphere (50-75km) become constant (This feature is suggested by Cl chemistry.)
and its value is 3.0 ppb.

— However, it is necessary to judge this value carefully. ( validation results -> Imai et al. (Poster) )

Approach (1/2): for mesosphere

e Referring more appropriate temperature

e SMILES does not measure O,

emission lines for temperature . 1.0
retrieval, but used other strong lines, 10l H¥CL 3
05 and HCl [ —— /|
3an . 0. [
* However, in mesosphere, since A\ % i)

widths of the lines are equal to the
frequency resolution of the
spectrometers, information of
temperature profile is not obtained
enough.

* Inaddition, O; and HCl mixing ratios
are “variables” and need to be

Brightness Temp
ey
e
¥
/

retrieved simultaneously with

temperature. It becomes that ‘1" i Band
temperature retrieval is more R ae e @ el o AE_;
difficult. Fraquercy, Gt

® So, in v2.0, we stopped temperature retrieval and referred more appropriate

temperature in mesosphere. »
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Approach (1/2): for mesosphere (cont.)

A priori: GEOS5

In v1.3, GEOS-5 data used as a priori profile
in all altitude range.

MLS + GSWM

A priori: GEOS5

N N

Refer a priori

In v2.0, GEOS-5 data is used as a priori profile in
stratosphere and MLS data is used in mesosphere.

® |nv2.0, MLS temperature was chosen as a priori profiles in mesosphere
because of data quantity and quality, and we refer it from 40 km to 90 km.

e MLS observation covered with SMILES’s observation periods, altitude, and latitude. Data
guantity are enough to make grid data in 1 day. We can refer same day’s data. And data

accuracy is < 10 K up to 90 km.

5
® Additionally, in order to express migrating tides, Global Scale Wave Model was incIudec?.

Approach (2/2): for upper stratosphere

* Including gain non-linearity in L1B (Ochiai et al., 2011)

® @Gain nonlinearity is scaling
parameter of brightness
temperature. V1.3 use L1B 006 and

this L1B neglected gain nonlinearity.

New L1B 007 included this effect

measured in pre-lunch system tests.

® Right figure shows samples of linear and

nonlinear spectra, and difference.

¢ [f neglect gain nonlinearity (v1.3
case), brightness temperature
around narrow O3 and HCl lines are
overestimated. This may cause
positive bias.

Brightness Temp. (K)

ABrightness Temp. (K)

rev 091216000963

250

150

100}

50

200f -

ot

linear Tangert altitude (STT): 29.1

S W

nonlinear 0,
H3CI

7

Lt

linear - Nonlinear [\

\
‘
I \
¥ \ \
I 4
y

62440 62460 62480 62500 62520 62540

Frequency (GHz)
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V2.1: Minor update version for HOCI

adm, 2000011/09 2359 N334 E39.4 5201379 R26

10 LB

s A
05 A ARV AL A

o i mvf’ '\ N M\/\} 1
i WA A

L1B-[with —_—
B . . L1E-{withowt HOCH
625.02 625.04 625.06 62508 625.10 2512 62514
Residual Spectra around the HOCI line
band A, AOS2 (N=69) averaged for 1day(2010/04/01), Des, lat S45-S35.
11 ]
0 I\
\J‘_\r'
-1} §
-2 X

1 -

0 D\ e
—1f J
-2t 1 1 1 L 1 =

625.02 625.04 625.06 62508 625.10 2512 62514

V2.0
V2.1
waccm

We prepare minor version up

fOI‘ H OCI. Sample spectrum of HOCl is shown in upper
figure.

HOCI is located near O,,, 3 and
13000. In minor update ’
version, parameters of these
lines are changed.
— Residual spectra is
compressed.

— This version will be released in
winter. 41

V2.2: improve mesospheric profiles

Retrieved and a priori profile (03, night) in v2.1 and v2.2
2009/10/17 01:27:56 (N6.48 W18.71 sza 172.64 deg.)

j Noisy?

Smooth !

In v2.2, new retrieval algorithms, Tikhonov Regularization Method is applied
for 03, HCl and HNO3 to smooth profiles and range of retrieval altitude is
expanded for O3, HCl and HO2. System return smooth profiles up to 95 km.

48
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V2.3: Status flag updates

Screening example (03, bandA, S10-
N10)

Ratios of useful data (status flag=0)

Al C

WP 63.0 622 293
VPl 942 93.9 816

[ppm]
* In V2.3, some past conditions like L1B quality and L2 convergence
parameter are eased and new conditions are add.
— standard deviation of residual spectra normalized noise spectra

— Maximum HCI difference between zonal mean profile and single profile
normalized standard deviation (25-80km). Since seasonal and diurnal
variations of HCl is smaller than the other smiles products, HCI difference is
suitable as a profile quality index.

» Ratios of useful data in each bands are more than 80%, and

almost of noisy scan are rejected .
49

V2.4: mesosphere profile updates

Average of all daytime profiles (sza<85°)  Upper 80km, SMILES O3

some instruments(left) and SMILES v2.3, v2.4 proﬁles v2.2 is not

(right) consistent with other
instruments data like

SMILES SABER, ACE... (Smith et al.

22 4 2012).

* Inv2.4, some retrieval
settings ( a priori profiles
and error and retrieval
altitude range) are changed
to reject error due to a
priori profile because a
priori profile upper 75 km is
outside of useful range of
MLS 03.

* Inv2.4, 03 has sub-peak

around 90 km.

Left panel : Smith et al., 2012, Submitted to JGR, 50
figure 12. “SMIILES” is SMILES v2.2.

0.0 1.0 0.0 1.0 [ppm]
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v2.4: Impact of L1B v008, Frequency Calibration.

Ozone
) (——r———r—meg ) =7 R ——— ~— 70 =
= [ - = ey - —~—
g 1 s90sn e ) 5' 2 e ' 60
: TR e
. R E «
s gy 3
i & £ 30
§ e 2 - <
3 . 106 0eutn f 20
“ = 7; ,;.,;.:;--.wl;er. e nw ® = M o= .':.. v..,nw-,' e 10
. . . R 0 Il Il Il Il Il
L1B v008 (red) is more stable in frequency calibration (3 00001 0001 001 0.1 1 10 100
kHz) compared to previous L1B ( ) (£30 kHz). The Incremental Error [%]
sma ”er freq uency jitter shou |d give sma | | er LZ ra ndom lid) line indicates the retrieval precision of ozone. The other lines indicate the error due to the difference between the
ile of wind. (The wind velocities for the pink (fine dotted), blue (dotted), and green (dashed) profiles are 50, 10, 5m/s,
error. (Left: AOS 1’ R|ght AOSZ) incremental error is the same as that in Fig. 2.

Frequencies are also changed as much as 100 kHz (left
ch900 of AOS1, left). After the L2 v2.0 we have been
using O3 frequency different from JPL catalogue, based
upon latest laboratory measurement by Dr. Ozeki.

51
1.0-2.4: Spectroscop
v1.0- y

| | [ ]
Table 5 updated line parameters
. . Parameters L2 v1.3 v2.0 Reference
O, and O, isotopes: line o )
. - Yo (MHz/hPa 624371.112 624371.223 Ozeki private communication
frequenCIes have been - n;) (preliminary results)
2.258 2.3078 HITRAN2008
updated based upon 0.77 0.78 HITRAN2008
SMILES’s own laboratory HCI
- Line position 625901.603 625901.6584 Colmont et al., 2005
work after Fhe launch (Ied (MHz) 625918.756 625918.6975
by H. Ozeki, Toho u.). 625932.007 625932.0081
. . Yo (MHz/hPa) 257 2.541 MLS Forward model ATBD (v1.0)
If fundlng WI" beo - }’10 0.73 0.723 MLS Forward model ATBD (v1.0)
available, Prof. Ozeki will H#7C1
’ - Line position 624964.374 624964.3694 Colmont et al., 2005
extend spectroscopy (MHz) 624977.821 624977.8013
624988.334 624988.2821
Work fu rther. - Yo (MHz/hPa) 2.57 2.541 MLS Forward model ATBD (v1.0)
- n 0.73 0.723 MLS Forward model ATBD (v1.0)
H Cl0
Other speCtroscoplc - Line position 649445.040 649445.250 Oh and Cohen, 1994
parameters have been (MH2) 649451.170  649451.072
- 18000
re‘"ewed carefu"y by L2 Line position 649137.611 649137.132 Ozeki private communication
team and Prof. Ozeki and (MHz) 649137.611 649137.132 (preliminary results)
. 649149.603 649152.038
his colleagues. 649152.601 649152.038
52
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5.3 Future works

* We plan new version v3.0 in this summer.

— Update non-linear correction in L1B to reduce
difference in receivers.

— New a priori, SD-WACCM a priori

— TRM to other noisy molecules is applied and use new
a priori data WACCM climatology is used. Profiles
retrieved TRM depend on shape of a priori profiles.

— Non-Voigt line shape.
— Bias correction of BrO, CIO, HO,.

 Future works.

— Baseline issue caused by the AOS characteristics (over power RF
inputs).

— Gamma-air, temperature exponent (n), pressure shift.

— any other ...

53

V3.0: Improvements of a priori, SD-WACCM a
priori (if necessary and appropriate).

apriori BrO 007-08-Y300,C (100401, sza>95deg)

Error at the tropics 90 T T T T 90 T T T T 20
70 D 2z ] i
P ;)_ 801 R 80 |- — E 80|
i —_—
60 k... - 70 g 70 g 701/
o | \
= E 60 | 60 R 60 |
£ |
50 £ s0 ! 50 |- 50/
2 |
E qop < 40 | 20 ol
3 |
g e 30 30k 30
=1 | \
= %0 “ Lo i
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0
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20 - 8 16 24 4 8 12 16 20 4 8 12 16 20
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10 < Retrieval algolithm error 90 r r T 90 T T T

03 apriori error (20%)
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Fig. 5. Estimations for the influence of priori profiles in O; retrieval (in
this case, a priori profiles are same as initial profiles). The solid red line is 50 50
the random error of Os. The other lines are additional errors between the a0 40
true profiles of O3 and the retrieved profiles of Oj that are the final results
of the iteration process in the cases where the differences between the a 30 30
priori profiles and true profiles are +5%, +10%, and £50% (top: mid- 20 i 20
latitudes, bottom: tropics). (For interpretation of the references to colour ) ) )
in this figure legend, the reader is referred to the web version of this 1910 5 0 5 10 mo 4 8 12 16 20
article.) diff. (ppt) std. (ppt)
. .. . ..
03 a priori impacts to 03_ L2 v2.0: a priori impact to Band C BrO.
. . . g .
Takahashi, Suzuki et al. 2011 03 and BrO have significant impact.

(unpublished internal work)
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V3.0: Tikhonov regularization (TRM) to other species.

Hybrid OEM + TRM technique, i.e. a variation of Tikhonov L, + L, (similar to MLS
ATBD), gave smooth profile, without suffering altitude range or residual increase.
It can be applied to all other species. (currently, for 03, HCI, and HNO3)

Tikhonov L, was used, L, + L, method may be applied in future.

smoothing by TRM

N4 1)y K% (OEM+TRM)
Co(X) = (X —Xa)" 87" (X — Xa)
+ (x—x%a) LTS, 'L (x — xp) ranee

Sr-+ “variance-covariance
almost same

matrix” of regularization !
residual

Similar result can be obtained with HCl and HNO3
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V3.0: SMILES L1B vs. L2 Forward calculation shows
non-negligible W-shape residual, which should be
explained by the non-Voigt line shape.
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Galatry and Speed-Dependent Voigt function

« Voigt function: Gaussian and Lorentzian.

» Galatry function: Narrowing of Doppler width by molecular
collision.

« Speed-Dependent Voigt (SD-Voigt)

® \Voigt Function

» Convolution Fourier Transfer of Gauss / Lorentz

function
V(x) = F(e(t)
at?

@ = exp <ix0t - yt— T)

® Galatry Function
» Dicke narrowing
2(1- pt— —pt
® = exp (ixot— yt — g ( d ﬁzexp( d ))>

® Speed-dependent Voigt Function
» Considering speed-dependence of collision width

. o?t?
exp (ont — (y — 1.5y,t) — m)

(14 y,t)15 57

Q=

Galatry and SD-Voigt, impacts to O, retrieval are small but
different. High altitude (> 50 km) systematic difference from Voigt
function may exist.

Noise at higher altitude can be removed by introducing TRM (from v2.2).
Impact to daytime ozone:
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Galatry and SD-Voigt: L2 impacts summary

Product Band Galatry SD-Voigt

O3 (day) A +0.2% 30~40km | —0.2% 20~30km
O3 (day) B —0.2% 10~20km | —0.2% 20~30km
O3 (day) A +0.5% 50~80km | +0.5% 50~80km
O3 (day) B +0.5% 50~80km | +0.3% 50~80km
O3 (night) A +0.2% 30~40km | —0.3% 20~30km
O3 (night) B —0.2% 15~25km | —0.3% 20~30km
O3 (night) A +0.5% 50~80km | +0.3% 50~80km
O3 (night) B +0.4% 50~80km | +0.2% 50~80km
HCI A —0.3% 15~25km | -0.8% 15~25km
HCI B —0.2% 15~20km | -0.4% 15~20km
Temperature | AB | —0.1K 20~40km | +0.1K 20~40km
HOCI (day) A +1% 30~40km | —1%  30~40km
HOCI (night) A +2%  30~40km | —3%  30~40km
CHs;CN A +3% 10~40km | +6%  10~30km
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Galatry and SD-Voigt: Impact to CPU time and
the Physics Issue.

* Test L2 code is ready, and increase of
CPU time will be negligible.

* The final issue will be which physics
we want to use to calculate forward
model, Galatry or SD-Voigt ?

— Need consultation to spectroscopy people.

— Laboratory measurements to verify, if
possible.
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V3.0: Bias correction information for BrO, CIO, HO.,.

L -

|msmeeenes e | wio Bias
NZSNED, LT 06 » L1 Correction
E »
H !
; . / :
- e
" i
0 s *0 15 2 b3
BeO VMR (ppt)
Stachniketaly, - . .
V23 SMILES 10421314180 with Bias
o dadymean beasd 1012.1027) : -
N25-140, LT11.-06 vau correction
; b =] m 40 T T 7 T
é - SLS 23SEP; Q]l 3‘4N 164?1\ \ \ \\‘ \
; 2 ’/‘ SMILES V .30(12()0"‘\\‘\\ ‘\‘
X J o sr ‘ s
- /‘a , /“J/\)/
15 . - 1, ’
0 s R 1
. . . BeO VMR uvﬁ 1
BrO Diurnal variation revealed large B
- - - = 251 4
night time bias.
Bias changed versions to versions. T 1
Bias changed among latitude bins 77 S /zf,af;"ik etal.
(and probably seasonally). s N ‘ ‘
0 5 10 15 28 25
BrO VMR (ppt) 1

Future: Baseline issue caused by the AOS
characteristics (over power RF inputs).

SMILES ver005-06-0150, band C (20091012, lat 0.0, LT 16.0, N=36, Des )

80 14

75 20km ] 18 aokm |
The AOS baseline was found to sk Pt g T |
be distorted by the high RF = I . B i
signal during the lower tangent <ol a e ok x] oo
height atmosphere (i.e. cloud or & 22" i W] oof et
ground). ¥1,c|!\w mkrlm : 143 — ‘

=I5kl Il e A 2}
The green residual in the figure 2 SV I S
must be flat at 30, 40, and 50 o 2 ‘ 1
km, but there are actually not. %_oo‘.:jfv'u-m\_,wﬂ:w,,-dmw_,,uu.h\,,n;» R

-1.0

G4§.2549,4649.6649‘3650.0650,2 _1'0549.2649.4649.5649‘8650.0650.2

This behavior was reproduced
exactly after observing the Fig. 6. Averaged spectra and residual spectrum (green: L1B,

room temperature calibration brown: L2 forward .model.calculatmn) of Bal:ld C on. Oct. 12,
t t dob ti f 2009 at the equatorial region (£5°), descending orbit, for the

arget and observation o tangent height 20 km (upper left), 30 km (lower left), 40 km
space. (upper right) and 50 km (lower right); Number of sample is 37

Suzuki et al. 2012
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Future: Pressure broadening.

Pressure broadening parameters and their

temperature exponent can alter tangent

altitude ~500 m easily, which can provide 5-10% O3 and HCI change.
Accurate pressure broadening knowledge of O3 isotope will be necessary.

03 Lorenaizian halwidth

Table 5 updated line parameters

123

Parameters L2 v1.3 v2.0 Reference
.05 - = 0s
SMILES ATBD 7, (MHz/hPa) 624371112 624371.223 Ozeki private communication
MASTER n, (preliminary results)
FAMADA ! 2.258 23078 HITRAN2008
004 b MLS ATBD 0.77 0.78 HITRAN2008
o, JPLOG-axparimant H%Cl
I -h::'“h-,_ JFE'?"E“‘*"I‘ - Line position 625901.603 625901.6584 Colmont et al., 2005
- — ITRAMNGA (MHz) 625918.756 625918.6975
aga | _""‘-H-.._______h_ HITRANCS 625932.007  625932.0081
e, 7, (MHz/hPa) 257 2.541 MLS Forward model ATBD (v1.0)
= -% — - n 0.73 0.723 MLS Forward model ATBD (v1.0)
= | | H3701
B - Line position 624964.374 624964.3694 Colmont et al., 2005
0.02 | | (MHz) 624977.821 624977.8013
624988.334 624988.2821
Yo (MHz/hPa) 2.57 2.541 MLS Forward model ATBD (v1.0)
n, 0.73 0.723 MLS Forward model ATBD (v1.0)
ool | 1 [cio
- Line position 649445.040 649445.250 Oh and Cohen, 1994
(MHz) 649451.170 649451.072
18000
ot — = L - e — - - - Line position 649137.611 649137.132 Ozeki private communication
180 180 200 220 240 280 280 304 (MHz) 649137.611 649137.132 (preliminary results)
Tomg., K 649149.603 649152.038
649152.601 649152.038

Currently we have been using HITRANOS8 for O3 and MLS ATBD for HClI, since it gave

agreement of tangent altitude.

Pressure broadening tuning through satellite/ground based validation looks very hard.

We expect improved laboratory measurement, but it must be extremely difficult.
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Future: Pressure Shift (1/2)

* From v1.0 to v2.4, we
considered pressure
shift of O; and HCI
only. Theoretical
pressure shifts have
not been applied to
other lines. This can
be primary reason of
large systematic
error at lower
altitude.

80
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Future: Pressure Shift (2/2)

70

& o 60 | o
- 1] LI -
— .
ﬁ_ 458 50
2 208
E 200 E
& ¥ _ ) =, 40
= =y e = Mommalized Haliwidths g
3 E Normalized Shifts R
E 1 -] ¥ =
o L <
g T oo . .
a 2 Q08 EL\: L 20
E 013 . ™ -'i'_r:"y ] -
o T o 5w 10
5 Q18 ..--.:-___.I‘= I
430 H
5 i 0 I I I I I
a0 oz o on oa 10 13 14 Y 0.0001  0.001 0.01 0.1 1 10 100
Differential Pressure (Torr) Incremental Error [%]
Fig.3. Effect of Wind. The red (solid) line indicates the retrieval precision of ozone.
The other lines indicate the error due to the difference between the reference profile
: Broaden . r - and the true profile of wind. (The wind velocities for the pink (fine dotted), blue
Figure 3. Bre and shift of HOC1 "Qr branch transitions near 630 GHz. (dotted), and green (dashed) profiles are 50, 10, 5 m/s, respectively.
HOCI, pressure broadening and 50 m/s == 104 kHz

shift at 630 GHz line. (Drouin 2005).
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5.4 Conclusions

SMILES L2 prelaunch research and development had been carried out, within
schedule under given human resources and budget.

— Early L2 data showed acceptable results expected from the SMILES
specification.

* Many characteristics of SMILES instrument have been implemented to the L2
forward model.

* Retrieval scheme, atmospheric forward model, a priori data set,
meteorological data, have been prepared adequately for the SMILES launch.

Extensive updates of L2 system have been conducted since the SMILES
operation.

— Many instrument issues have been pointed out from L2 team.

* Tangent point knowledge, Frequency calibration, AOS frequency
characteristics, Non-linearity correction, flag.

— Acceptable L2 products v2.1, 2.2, and 2.3 have been released to general
public, and several validation works, scientific application have been
already submitted or published to journals.

Plan for v3.0 updates was defined and it can be processed within 3-4
months.

— a priori updates, TRM to all possible species, Non-Voigt line shape, Bias
correction.
Basic research for future updates (after v3.0) has been conducted.
— AOS baseline abnormal temporal baseline change.

— Lihn$ frequency, Gamma air, their temperature exponent, and pressure
shift.
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L2 related publications

16 papers published (including 3 Spectroscopy, 2 Science), 7-8 other papers have been

submitted already. Outline of v2.1 was only published in SPIE, we need detailed algorithm
description paper. (There are 10-20 IGARSS, SPIE and ISPRS papers, | could not count.)

The list only shows 11 papers by core L2 team, not including foreign group or spectroscopy.

Stachnik, R. A, L. Millan, R. Jarnot, R. Monroe, C. McLinden, S. Kuhl, J. Pukite, M. Shiotani, M. Suzuki, Y. Kasai, F. Goutail, J. P. Pommereau, M. Dorf, and K. Pfeilsticker,
2013, “Stratospheric BrO abundance measured by a balloon-borne submillimeterwave radiometer”, Atmos. Chem. Phys., 13, 3307-3319, doi:10.5194/
acp-13-3307-2013.

Sakazaki, T., Fujiwara, M., Mitsuda, C., Imai, K., Manago, N., Naito, Y., Nakamura, T., Akiyoshi, H., Kinnison, D., Sano, T., Suzuki, M., and Shiotani, M., 2013, Diurnal
ozone variations in the stratosphere revealed in observations from the Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES) on board the
International Space Station (ISS), J. Geophys. Res. Atmos., 118, doi:10.1002/jgrd.50220.

Mizobuchi, S., K.Kikuchi, S.Ochiai, T.Nishibori, LSano, K.Tamaki, and H.Ozeki, 2012: In-orbit Measurement of the AOS (Acousto-Optical Spectrometer) Response Using
Frequency Comb Signals, IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, 5 (3), 977-983, DOI:10.1109/JSTARS.2012.2196413.
Suzuki, M., Mitsuda, C., Kikuchi, K., Nishibori, T., Ochiai, S., Ozeki, H., Sano, T., Mizobuchi, S., Takahashi, C., Manago, N., Imai, K., Naito, Y., Hayashi, H., Nishimoto, E.,
and Shiotani, M., 2012: Overview of the Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES) and Sensitivity to Chlorine Monoxide, ClO. IEEJ
Transactions on Fundamentals and Materials, 132, 8, 609-615, doi:10.1541/ieejfms.132.609.

Takahashi, C., Suzuki, M., Mitsuda, C., Ochiai, S., Manago, N., Hayashi, H., lwata, Y., Imai, K., Sano, T., Takayanagi, M., and Shiotani, M., 2011: Capability for ozone high-
precision retrieval on JEM/SMILES observation, Advances in Space Research, 48, 6, 1076-1085, doi: 10.1016/j.asr.2011.04.038.

Kikuchi, K., Nishibori, T., Ochiai, S. , Ozeki, H., Irimajiri, Y., Kasai, Y., Koike, M., Manabe, T., Mizukoshi, K., Murayama, Y., Nagahama, T., Sano, T., Sato, R., Seta, M.,
Takahashi, C., Takayanagi, M., Masuko, H., Inatani, J., Suzuki, M., and Shiotani, M., 2010, Overview and early results of the Superconducting Submillimeter-Wave Limb-
Emission Sounder (SMILES), J. Geophys. Res., 115, D23306, doi:10.1029/2010JD014379.

Koji Imai, Makoto Suzuki, and Chikako Takahashi (2010), Evaluation of Voigt algorithms for the ISS/JEM/SMILES L2 data processing system, Advances in Space Research,
doi: 10.1016/j.asr.2009.11.005.

Takahashi, Chikako, Satoshi Ochiai, and Makoto Suzuki (2010), Operational Retrieval Algorithms for JEM/SMILES Level 2 Data Processing System, Journal of
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