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PREFACE

The Superconducting Submillimetéfave LimbEmission Sounder (SMILES) was
developed for use aboard the Japanese Experiment Module (JEM) on the
InternationalSpace Station (ISS) through the cooperation of the JApamspace
Exploration Agency (JAXA) and #h National Institute of Information and
Communications Technolog{NICT). SMILES was successfully launched an
H-11B rocket withanH-II Transfer Vehicle on 11 Septemb2009, was attached to
the JEM on 25 Septembeand began atmospheric observatioms1@ October
Mission objectives are as follows: (1) to demonstaateK mechanical cooler and
superconducting mixers in thenvironment of outer space for submillimeter
limb-emissionsounding in the frequency bands of 624&26.32 GHz an®49.12
650.32 GHz and (2) tglobally measureminor atmospheric constituents in the
middle atmosphere QHCI, CIO, HG;, HOCI, BrO, Q isotopes, HN@, CHCN,
etc.)to gain a better understanding of factors and processes conttbiiaghount

of stratosplkric ozone and threlaionship with climate change. Unfortunately,
SMILES observations liebeensuspended since 21 April 2010 owing to the failure
of a critical component in the submillimeter local oscillatglthough the
observation perioevas limited to aboutsix months SMILES hadbeen performing
global observations at about 100 locatioper ISS orbit, except for some
restrictions due to ISS operatioifter data processingye hadglobal and vertical
distributions ofabout 10minoratmospheric congtients related to ozormhemistry

In this document & will demonstratethe capabilityof obtaining highquality
scientific datawhich will be importantin addressing scientific issues such as the
ozonedepletionproblem, middle atmosphere chemistry witepgecialfocus on the
diurnal cycle, and the transport procémsminor speciesWe hope lhe ouput from
SMILES will demonstrateits high potential to observeninor atmospheric
constituentsn the middle atmosphere.

Masato Shiotani
Principle Investigatoof the SMILES mission team
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1. PURPOSE OF THE DOCUMENT

Researchers and scientists in atmospheric scienaasuse this document to
understand the quality and characterisgc of the data from Superconducting
Submillimeterwave Limbemission Sounder (SMILESHn the basis ofSMILES
standardevel 2 (2) productsprocessed and provided by JAXA

This productguide provides the following:

1) Descriptions of SMILE®bservatios.

2) Descriptions of théatestSMILES L2 producs.
3) Descriptions oflataformat
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2. SMILES OBSERVATION AND DATA PROCESSING
2.1. INTRODUCTION TO SMILES

The Superconducting Submillimeterave LimbEmission Sounder (SMILES) was
launchedon September 112009 as a joint project betwedhe Japan Aerospace
Exploration Agency (JAXA) and the National Institute of Information and
Communications TechnologyN[{CT), and was attachetb the Japanese Experiment
Module (JEM) @ the International Space Station (IS&) September 25009 For
details of SMILES configurationssee the SMILES Mission Plan, vessi 2.1, at
http://darts.isas.jaxa.jp/iss/smiles/docs/SMILES MP_aepelf. SMILES carries 4K
cooled SuperconductdnsulatorSuperconductor (SIS) mixers to carry out high
sensitivity measurements for submillimeter lhaimission sounding. Since the syste
noise temperare of SMILES isneaty 350 K, the sensitivity of SMILES ignuch
higher than that of similar sensors in orlsibr generalpostlaunchinformation, you
may consult Kikuchi et al(2010a, 2010b)and Ochiai et al. (2010k0me important
information onSMILES measuremeris summarizedh Table2.2

SMILES measures atmospheric limb emission from minor constitweitiiin the
submillimeterwave region from 625 GHm 650 GHzfor three specified detection
bands: 624.32625.52 GHz (Band A)625.12626.32 GHz(Band B), and 649.i2
650.32 GHz (Band C)Target species and sample spectra are shownTiable 2.1,
Figure 2.1, and Figure 2.1-. SMILES instrumens only consist oftwo AOS
spectrometers. Accordinglypbservations of Bands A, B, and C are made on a
time-sharing basis. Depending on the combination, the AOS spectrometarfdrA
may be switched

Table 2.1-1 Major characteristics of SMILES (Ochiai et al., 2012).
System parameter Description
Frequency bands 6242671 625.8 GHz (Band A)
625061 626.38 GHz (Band B)
6490571 650.8 GHz (Band C)
Frequency resolution 1.05- 1.20 MHz (FWHM)

Number of channels 1728 for each unit of AOS
Channel separation approx.0.8 MHz

Integration time 0.47 s for each observation point
Calibration period 53s
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System parameter Description

System noise temperature 297- 380 K

Temperature resolution  0.30- 0.42 K (for line spectrum)
0.18-0.27 K (for continuum)

Beam width 0.089 deg. (V) x 0.173 deg. (H)
(FWHM)

Table 2.1-2 SMILES target species in level-2 data processing.

Band Band A Band B Band C
(624.21625.2GHz)  (625.121626.2GHz)  (649.12i 650.2GHz)
Target Species Oz O3 O3
HCI (H3'CI) HCI (H3Cl) Clo
¥000 000 HNO3
HNOs 0’00 ¥000
CHsCN HO, 000
HOCI HO,
000 BrO
BrO
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Figure 2.1-1 Theoretical precision ratios (single scan) by a priori profile
(November 2009 and Northern middle-latitude case).
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Band A (091031001356)

2009/10/31 20:07:53 S5.7 W39.5, SZA 85.3 deg, LT 17.50 at 30km

Brightness Temp., K

Os01.03)

Os

01 F CH5CN CH5CN 4
52‘4.4 62:1.6 82;.8 SZIS.O 62:‘..2 62‘5.4 62:‘..6
Frequency, GHz
20.29 km ——— 30.42km 40.34 km —
Band B {091023000002)
2009/10/23 00:01:05 $20.3 W163.6 SZA21.8 deg, LT 13.11 at 30km
T 0, T e T T T
100 [
x
4 10
E
k3]
g
8 by
& 1 b T A
‘ |
03(\12} OS[vl,v3) | l
01 |
52I5.2 62l5.4 62‘5.5 szls.a sa:;n 62:3.2 sz:;.s
Frequency, GHz
20.71 km ——  30.74 km 40.60 km ——
Band C (091031001356)
2009/10/31 20:07:53 S5.7 W39.5, SZA 85.3 deg, LT 17.50 at 30km
100 - 13000 clo
7000
o HO,
4 10}
5
2
2
£
=] HNO
Kiia H
e "1’1) . ,}L“'
I | i ? ‘
I {1
| 1k
% P sty iy Ost1v2p203)
b L L L
649.2 649.4 649.6 649.8 650.0 650.2 650.4
Frequency, GHz
20.29 km —— 30.42km - 4034 km ——

Figure 2.1-2: Samples of observed and fitted spectra (thin lines: observed,
thick lines: fitted) in each band (Suzuki et al., 2012).
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2.2. SMILES OBSERVATION

The ISS has a circular orbit with an inclination angle of §lafdis locatedat an
altitude of about400 km above the Eaih surface While it circles the Earth at 90
minutes per orbitatmospheriobservatios are being conductedhe SMILES antenna
is tilted 45 to the left from the direction of orbital motion. This design enables SMILES
to observe latudes from 38S to 65N.

Figure 2.2 shows arexample of dgpbally mapped ozone distribution 28 km on 20
March, 2010 Original observatiompoints are plottedisingwhite circles with observed
o0zone mixing ratiosWhite circleswithout color indicate missing data points rejected as
abnormal valug It was discoverethat SMILES performed observations continuously,
but wecansee that there are specific latitudes where theidagssing. This is due to
solar paddlenterferencehatoccurredwice in onecircularorbit.

The observatiorperiodwas from October 12, 2009 to April 21, 20IThe first few
weeks until November Gvere used as a trigderiod beforegoing into full SMILES
operatimal mode.During this period,the ratio d missing datawas quite high. In
addition,the AOS thermal control heatergere turned offgradually thereforeve need
to be carefubf differing characteristicen SMILES datain the trialcomparedwith the
following observation periodDetails of dataavailability, its quality, and valid latitude
range arsummarizedn Table2.2andFigure2.2

Another important aspect of SMILES observationthet SMILES can measure the
atmosphere at different locaines because of the n@ansynchronous ISS orbit. ISS
local timeprecessioriakes about two months to cover the whole teeyeforewe may
calculatediurnal variations by combining the data from the ascending and descending
nodes on the basis abne month periodpproximatelyFigure2.2-1).

28km 03 1day 20100320

Figure 2.2-1 Measurement points for a day.
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Table 2.2-1 Irregular data from SMILES L2 product.

. Data Ratio of Latitude
Period Event un-useable
number coverage

scars
2009/10/12 11/06 amost amost
normal normal

2009/10/12 23 AOS thermal control - - -

heaters turned on.

Trial period normal

2009/10/24 26 Some AOS thermal - - -
control heaters turned on
2009/10/27 AOS thermal control - - -
heaters turned off.
2009/11/19 11/24  ISSyaw maneuver normal normal opposite
(Atlantis docking) direction
2009/11/30Q" 12/15 ISS solar paddles stoppe normal high normal
just in front of SMILES
IFOV
2010/02/10 09:00  ISSyaw maneuver normal normal opposite
- 2010/02/123:59 (Endeavour docking) direction

2010/02/24 00:00  Troublewith ISS/JEM low (10% of normal normal
- 2010/03/05 15:00 communication system  normal

level)

2010/04/07 11:00 ISSyaw maneuver normal normal opposite
- 2010/04/17 11:59 (Discovery docking) direction
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Figure 2.2-2 Observation numbers per day for Bands A, B, and C. Gray
regions show total observations; blue regions show available numbers
after discarding abnormal scans such as those due to field obstacles
indicated by L1B information (L1B 008).
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Figure 2.2-3 Latitude and time series of local time
at SMILES observation points.

2.3. SMILES GROUND DATA SYSTEM

Data observed by SMILE® multiplexed with datarom other JEM experiments.
Multiplexed datds downlinked fromthe ISS through geostationary data relay satellites
to ground receiving stationSMILES datais processedrom RAW datato LO dataat
the User Operation Area at JAXA/TKSC SMILES LO datais provided to the
DPSLO/L1 DataProcessingystemfor theSMILES Ground Data System.

LO datais converted into calibrated limb spectral radiance using calibrationimata
the LO/L1 data processing systeBRSL0/L1). Anomalous dat#s checked anflagged
before processing.Ancillary data such as tangent altitude and position of the
observatiorarecreated and added as a part of L1 data produttdatais transferredo
the L2 Dataprocessing systefDPSL2) via the networkand converted int@2 data
which consiss of concentration profiles of targeted gases, temperature and pressure.
StandardL2 data processing performedat JAXA/ISAS.
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Figure 2.3-1 SMILES ground data system.

2.4. RETRIEVAL ALGORITHM

In this document we only describe brief informatioh the SMILES retrieval
algorithm. It is based orthe optimalestimation methodollowed by Rodgers(1976,
1990, 2000. The detaik of theretrieval algorithmfor the DPSL2 can be foundn
separatetechnical paper (Takahashiet al.,, 200, 201). In the v2.2 updateof the
SMILES L2 productthe Tikhonov egularizationmethod level 1 (Doicu et al., 2010)
has been implemented in combination hwthe optmal estimation rathod for the
retrieval of Q, HCl and HNQ (Manago et al., 2013)n the v3.0 updateand latera
combired useof the optmal estimation methodndthe Tikhonov regularizatiormethod
level 2 has beerapplied forthe retrieval of all speciesSee SubsectioB.6 for brief
product releashistoryand moredetails in Appendix A.1

2.5. A PRIORI DATASET

For operational L2 processing, we prepared 7 sets of a priori data calculated from 5
data sourcesncluding satellite data, reanalysis data, and output from chemistry
transport modelsTable2.5-1, Table2.5-2).
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Table 2.5-1 A priori datasets.

Data set

Description

Climatology

Aura/MLS

Monthly average for 2002007 from EOSAura/MLS v2.2
[Froidevaux etal., 2008] Latitude bin is 10 degrees, ai
daytime and nightime sets were prepareseparatelyfor
05,CIO, HOCI, HG,, BrO.

UARS/MLS

Monthly average for 1992994 from UARS/MLS. Latitude
binis 10 degrees.

CCSRINIES

Monthly average bCCMVal-REF2outputfor 200:2010from
CCSR/NIES CCMAkiyoshi et al.2009, 201Q]Latitude bin is
10 degrees, and hourly sets in local time were preparedsfc
ClO, HOCI, HQ, BroO.

SD-WACCM

Monthly average for same monfrom SD-WACCM CCM
[Kunz et al., 20f1nudgedwith GEOS5. Latitude bin is 1.8
degrees, and hourly sets in local time were prepared fc
parameters.

Nearest data

GEOSS5

Reanalyssdatapr oduced by NASZA/DE
[Rienecker et al, 200§ included Aura/MLS @ and
Temperature The gid is 2.0 deg latitudex 2.5 deglongitude
with 3-hour intervak; closest time and location data is us
with 4-point spatial interpolation.

SD-WACCM

CCM Simulationsfrom SD-WACCM nudgedwith GEOS5

(not includng Aura/MLS). The grid is 1.9 deg latitudex 1.25
deglongitudewith 0.5-hourintervak; closest time and locatio
dataon the grids used.

AURA/MLS

Gridded data for same dayfrom Aura/MLS v2.2
Latitudelongitude grid is ) x 5.0 degreesclosest locatior
data is used with-point spatiainterpolation
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Table 2.5-2 List of a priori dataset.

data Climatology data Nearest data
Aura UARS CCSR SD- GEOS5 SD- Aura
IMLS IMLS INIES WACCM WACCM  /MLS
O3 a - w -
HCI a - w -
ClO a - Vg =
HNO3 a = Vg =
CHz:CN = Vg a
HOCI - G w -
HO- - a Vg -
BrO - a Vi -
Temp. - - - U - ra
Pres. - - - wa -
Wind - - wa -
H.0 - - - V! -

(-: existing data /i : used data in v2.4 processingr/: used data in v2.processiny

2.6. PRODUCT RELEASE HISTORY

We have updated our L2 product almost ev@rymonthsin the first several years
afterthe launch. The following descriptions are brief summaries for each verfsiba
L2 products. See details Appendix A.1

Hereafter, in th® digit number in thelescriptionfor each versiofXXX -YY-ZZZZ0,
XXX 0 shows thd_1B dataversion numberflYY 0 showsthat ofa priori datasets, and
fizZZZ0 showsthat of L2 retrieval algorithms.

A v1.0 (00506-0024): for retrieval test(released 23/02010)
V1.0is atest processing version order to check L2 processing algorithm
designed before laungfakahashi et al., 2010
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v1.1 (00506-0032): for mappingess (released 19/02010)

Pointing data wasnprovedto increaseéhe amount ofiseful data antb create
gridded data.

v1.2 (00506-0150):algorithmupdate | feleased 15/02010)

We includel experimentatorrectionfactors in theAOS response functiofone of
the instrumentdiunctions), resultingthat retrievedemperaturegreeswith
TIMED/SABER to suppress internal inconsistency between receiver

v1.3 (00606-0200):algorithm update Il feleased 02/03011)

This version ighefirst update in L1Borocessinglgorithms(For detaik, see level 1
Product Release Notes (Ver.0p&creening conditioaduring solar paddle
interferencearewell defined, so abnormal valudsaring sich conditiors can be
properlyselected.

v2.0 (00708-0300): major updatéeleased 04/12011)

ThelL1B version was updated to vé07by introducing noflinearity correction.
This reduced the bias of stratospheric temperature, resultangBivh decreasm Os
at peak height levels well ather improvements L2 productgMitsuda et al.,
20117).

v2.1 (00708-0310): improvemesttoHOCI (released 16/02012)

Thiswas a minor update to aito improveHOCI by reiinvestigating line data
aroundHOCI. We have released thigrsion of the data tihe public (05/032012)
v2.2(007-09-0400): algorithm update

Retrieval height range was-mevestigatedn orderto obtainproper results in the
uppermesasphereand the lower thermosphere, and smoothing ofétreeved
profiles was taken into account using ffikhonov Regularization metho(RM).
v2.3 (00709-0402):status flagupdate

Screening conditiomwerere-evaluated, and the useful data rate ingsrovedby
around30-50 %

v2.4 (00811-0502): a priori profile updat@eleased3/07/2013)

Retrieval setting weremodified to improveOs profiles in the lower thermosphere.
v3.0(118-12-0602): algorithmupdateand L1B data modification (released
15/11/2013)

Biasdata for some speci@gere suppled. Mdified L1B data (v118)vere introduced
andthe inversion modeklas updated

v3.1 (118-12-0602): systematic update

Missing data due to errocecurredn data processing werecovered




JEM/SMILESL2 Product Guide for¥.2

A v3.2 (118-12-0702): algorithmupdate(released 0/04/201F
Smoothing parameters and a prior errors used in the inversion ymedeadjusted
to suppresgheoscillationof retrievedprofiles.
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3. LATEST UPDATES FOR SMILES L2 PRODUCTS
3.1. SUMMARY OF ALGORITHM UPDATES

In therecentproduct(v3.2), the followingpointshave been improved in comparison
with v2.4 product In Section 3.3nformation abouthe averaging kernelsf v2.4 and
v3.2 is provided In Appendix A.1lyou may sealdails about the updatesd earlier
Versiors.

A Bias data for ClO, BrO and HONight-time bias data for ClO, BrO, Hfare
includedas ancillary data. See the Product Guide (v2.4) for details of retrieval
method of the bias.

A Calibrated brightness temperatukeyel 1B processing)L1B product has some
problems about the correctionmdrtlinearity in brightness temperature calibration.
In secondatest L2 product (v2.4) the latest L1B product (vO@&s usedbut we
found thatdifferences of Oz and HClprofilesbetween the AOSs increased,
especially in the data observed in October200ereforewe produced another
L1B product (v118) in which brightness temperature is same as sktestlL1B
product (vO07). The v3.8nd later versions weproduced based on L1B v118
product.

A Improvement ofriversion modelln v2.4, Os, HCI, HNO; hadbeen retrieved with
the combination of Optimal Estimation method (OEM) and Tikhonov
Regularization method (TRM) Level 1, while othpesies had been retrieved with
only OEM. Forthev3.2 product, combination of OEM and TRM level 2 is applied
for retrievd of all species. In additiorpecause oHNOs (band C) profilesvith
oscillationsaffecing BrO profiles larger regularization factors are applied.

A The followings have been modified in the inversion meldwith introduction of the
TRM:

T Altitude grid forretrieval is set to 2.5km for all species.

T Altitude correlationof OEM is set td0.01kmfor all species.

T Climatology data of SBVACCM is used as a priori data for all parameters
except meteorological values. (Seble2.5-2)

I The integralvalueof averaging kernel within +5km of target altitude grid
has been adoptest he cr i terion for deter mi

ni

ng
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with whose threshold set to 0.6séfs can screen the useful altitude range

wi t h
products.

t h e2Pmreadisiori<e r0idoa

fwh i

ch is not

A Modification in the product formatnformationValueLimited is newly added to the
product HDF field, which means tlr@egralvalueof averaging kernel around-43

km of target altitude gridSeeTable 4.4-2)°
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Figure 3.1-1 Relative difference between HCI profiles in L2 v2.4 and v3.0.
(left: 2009/10/15 and 10/17, right: 2010/03/31 and 04/01. The upper panels
for HCI, and the lower for O3. See Imai et al., (2013) for the calculation

method of the difference.

3.2.

USEFUL DATA

Theamountsand rati® of useful data for 8.2 are shown in Table 3-2

changed
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Table 3.2-1 Useful data for v3.2

Number Ratio (%)
A B C A B C
v3.2 136003 99253 144658 85.49 78.21 81.47

3.3. PROFILE DIFFERENCES BETWEEN V3.2 AND V2.4

3.3.1 O3

SMILES observes ozone by detecting strong absorptiors ahe625.37GHz with
Bands A and B, and the wirgyof absorption line at 647.8GHz and 650.8GHz with
Band C. Band C is suitable for measuring ozone tiesiropopause because thene
few strong lines in the ban&inceonly spectrum data above k@ areconsidered in
the presenversion oftheretrieval process3and C hasfew advantage The signato-
noise ratio of ozone lirsadetected wittBands A and Bis highest among any absorption
lines measured bthe SMILES spectroscopy system; theoretical random error is lower
than 1% #athe altitude of 20 50 km.

The \alidation of Oz data inthe v2.1 productwas done by compason with
satelliteborne data, CTMs (SWWACCM and MIROC3.2CTM) and ozonesonde data
(Imai et al., 2013a, 2013bit was found that ik dataagree within 10% difference in
the stratosphere an®0% difference in the mesosphereln addition, the diurnal
components oDz agreewell with the resul of SD-WACCM and MIROC3.2CTM.
These results have been used in the analysis of diurnal variation of stratosplderic
mesospheric ozon&akazaki et al2013.

Figure 3.31 andFigure 3.3-2 show the difference between v2.4 and2/fr sample
profilesand averaging kernels
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Figure 3.3-1 Sample profiles and averaging kernels for Os (daytime, band
A). Left: An aqua line shows aretrieved profile in all altitude and a blue line
shows a retrieved profile in useful range. Error bars show theoretical
retrieval precisions. A gray line shows a priori profile and shaded region
shows range of a priori error. Right: Colored lines show the averaging
kernel and a black line shows integrated averaging kernel.
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Figure 3.3-2 O3 (nighttime, band A) as in Figure 3.3-1.
3.3.2 HCL

For HCI, SMILES detected ¥CI with Band A and B°CI with Band B. Since the
absorption line iBand B is stronger than that Band A, retrieval results froBand B
have better sensitivitgt higher altituds.
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Figure 3.3-3 HCI (band B) as in Figure 3.3-1.
3.3.3 CLO

As CIO can be detected withighestsensitivity inBand C,the difference in single
profiles between daytime and nighitne can be distinguishedeeFigure3.3-4). Suzuki
et al.(2012 reported that CIO v1.2 agreesth Aura/MLS v2.2 in the stratosphei@lO
v1.3profiles had been compared with grotimased millimetewave spectrometer data,
and it was reported th#éte agreenentwas goodat altitudes of up to 40km (Kuwahara

etal., 201
Figure 3.3-5 shows the averaging kernels of v2.4 data for daytand Figure 3.3-6
for nighttime. According to thseresuls, t he profi |l es sapte70iusabl e

km for both daytime and nigtiime, and sensitivitys high in that altitude range.

In the lower altitude region (<35 kmbdhe SMILES CIO product shows nighime
bias. CIO valus should bezero below 35 km, but it showesbias due to instrumental
effects (Suzuki et al., 2012). This bias can be corrected by subtractingtimghtzonal
mean value, as alreadiemonstratedn the case of BrO (Stachnik et,a2013).Since
the bias valugchange seasonally and with latitude, it is recommenkdatcorrecton
should be done imonthlybasiswith a10° latitude binThese may be related to the fact
that SMILES AcousteOptic Spectrometer characterist®re changed afte©ctober
23, 2009 when laser diode temperature egkanged.
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Figure 3.3-4 Examples of CIO spectra (November 2009 and mid-latitude).
Thick lines show L2 spectra and thin lines show L1B (observed) spectra.
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Figure 3.3-5 CIO (daytime, band C) as in Figure 3.3-1.
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Figure 3.3-6 CIO (nighttime, band C) as in Figure 3.3-1.
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3.3.4 HNOs

HNOs can be detected witBands A and C, but there is calibration errdueto the
line being positioned at the observation banBamd C, and there is some erdueto
the spectral wing of HCI iBand A.

(v2.4) (v3.2)
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Figure 3.3-7 HNOs (band C) as in Figure 3.3-1.
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Figure 3.3-8 HNOs (band A) as in Figure 3.3-1.

3.3.5 HOCL

HOCI can be detected wiBand A, but its spectral line is positioned at the shoulder
of excited Q and Q isotopes(SeeFigure 3.3-9). ThereforeHOCI retrievalis affected
by s line parameter and calibration esan the lower stratosphereln the v3.2
retrieval processSD-WACCM climatological datais adopted asa priori profiles
instead ofCCSR/NIES climatological data
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Figure 3.3-9 Example of HOCI Spectrum at 40km.

(v2.4) (v3.2)

Figure 3.3-10 HOCI (daytime, band A) as in Figure 3.3-1.

(v2.4) (v3.2)

Figure 3.3-11 HOCI (nighttime, band A) as in Figure 3.3-1.






























































































