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Outline of JEM/SMILES

- |
B The Superconducting Submillimeter-wave Limb-Emission

Sounder (SMILES) had been launched and aboard the
Japanese Experiment Module (JEM) of the International Space
Station (ISS) in Sep, 2009.

B The SMILES carries 4K cooled Superconductor-Insulator-
Superconductor (SIS) mixers to demonstrate a highly
sensitive instrument for submillimeter
limb-emission sounding.

€ Global test observation : Oct.12.
€ Operational observation : Nov. 6.

Standard products = ;
O,, HCI, CIO, HNO,, CH;CN, HO,, HOCI, BrO, 03 |sotopes

(in the middle atmosphere)



JEM/SMILES Specifications

Type

Parameters

Frequency bands

Band A (624.32 — 625.52 GHz)
Band B (625.12 — 626.32 GHz)
Band C (649.12 — 650.32 GHz)

System noise temperature

Less than 500 K

Instrumental height resolution

3.5 - 4.1 km (nominal)

Frequency resolution

1.8 MHz (FWHM)

Channel separation

0.8 MHz /channel

Observation altitude range

10 - 60 km (nominal)

Global coverage

38S - 65N (nominal)

Observation azimuth angle

-10 — 95 degree (0=north)

Processing time

53 s / scam

Integration time

0.5 s for each observation point




Brightness Temperature, K

Observation band A (091012000062)
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Frequency, GHz

e Strong lines:: O3 and HCI, Weak lines:: HOCI, HNO3, CH3CN and BrO (band A only : CH3CN,

HOCI)

e BrO line is superimposed on HNO3 lines. Other major HNO3 line is only one and it is not clearly.
So, BrO retrieval is difficalt problem. 5
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Brightness Temperature, K

Observation band B (091018000060)

B B
2009/10/17 00:53:32, S21.52 E138.83, SZA=57.3 deg
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Frequency, GHz

e Strong lines:: O3 and HCI, Weak lines:: O3-isotope and HO2 ( band B only : O1700)
e HCI signal in stratosphere is larger than signal in band A.

e Major lines are relatively isolated
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Brightness Temperature, K
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Observation band C (091012000062)
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e Strong lines:: CIO, O3-isotope Weak lines: HNO3 HO2, BrO. (band C only: CIO, 17000 )

e BrO line is superimposed on 17000 lines. But 177000 has other 7 strong lines which are
isolated from other moleculer’s lines. So, Band-C is relatively appropriate to retrieve BrO.
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JEM/SMILES Data Sets

| -
Data Type Description
RAW Unprocessed mission data at binary packets
Level O Reconstructed, unprocessed mission data at
binary packets
Level 1b Calibrated instrument radiances and related
data
Level 2 Derived geophysical variables at the same
resolution and location as the Level 1
source data
Level 3 Variables mapped on uniform space-time

grid scales, usually with some completeness
and consistency

Buissaoo.d



JEM/SMILES Data Flow

— C—
AT UOA (User Operation Area) JAXAITKSC
A\ $5 o > L1B Data Server
< EOS ——
SMILES (Experimental Operation System) L1B
‘ Raw data _ Off-line
] BlFeRHlEL . (3times/day) > !
~
Internet | | 2 Data Server JAXA/ISAS /
v / Internet
Lisers /> ! < DPS-L2 (automatically)
*DPS: Data Processing System

EDownlinked raw data from the SMILES will be received by the DPS-LO/L1 at

User Operation Area (UOA) on Tsukuba Space Center (TKSC).

BmThe DPS-LO/L1 processes the raw data consisting of house keeping (HK) data
and mission data to brightness temperature (level 1B data) in near-real-time.

BMThe DPS-L2 produces the vertical profiles of target species ca

lled level 2 data in

near real time and upload L2 product dataset 5 day after observation (TDB).
B The DPS-L2 distributes the level 2 product to users by a Web server.



Basic Retrieval Algorithm

s Optimal Estimation Method (OEM)

e Observation vector:
X:true. g€:observation noise . f : Forward Model

o OEM: deriving the results which minimize X’

% = -80Sy e Met-bx 1981 8 xY - X, |

X,:a priori, S, :covariance of a priori, S, covariance of observation noise

= Non-linear case (Levenberg-Marquardt Method)

X=X, + (S;I + KiTS;lKi + Vsa)_l {KTS;I[y - F(Xi)]_ S;I [Xi - Xa]]l

K,:Weighting function, y:Levenberg-Marquardt parameter

References for the SMILES L2 data processing

BC. Takahashi, S. Ochiai, M. Suzuki, Operational Retrieval Algorithms for JEM/SMILES
Level 2 Data Processing System, JQSRT (in press)

mK. Imai, M. Suzuki, C Takahahshi, Evaluation of the Voigt algorithms for the
ISS/JEM/SMILES L2 data processing system, ASR (in press)




Algorithm for noisy products

B Retrieval profiles of noisy products may include a priori information.

B To avoid the bias from a priori, we retrieve the multi-scan data
simultaneously [Livesey,2004].

B The observation data y; (i=1~N), the weighting function K;, than reference spectra f;,
and the covariance matrix of the measurements S; are represented by :

Y1 £ K, Sy 0 - 0
Y2 f K, 0 S, 0 .
Y= ’ f= ’ K= ’ Sy = : (; . 0
Y~ fx Ky o - 0 8§,

B However, these matrixes are too large (ex. K, size: 1500x30x30 ), we
calculate K;'S K; (size: 30x30) and K;'S;(y;-f;) (size:30) for each scan
and save to reduce the load of the system.

X=a+ |_S;1 + EKITS;}Kl JLEKlTS;II ly; —f;(xy,b)] - K;TS;IIKI [a - XO]J
SKIS,K, = (KIS K, +KIS;IK, + - +KIS1Ky )

S KISy, £, (x:0)] = (S 11y, £, (5 D)+ + KESA Iy — fy (%,.,b)])

Reference:N J. Livesey and W. Van Snyder, EOS MLS Retrieval Processes Algorithm Theoretical Basis, 2004
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Error Analysis

Retrieval Precision
e Measurement error : decided by the system noise

S, =S, +K/S]K,))"'K/S;'K,(K/S]'K, +S;)™
e Smoothing error : decided by the atmospheric conditions
S, =(@S; +K/S]'K))'S;'(K/S'K, +S;))™

Forward Model parameter error
TH~T
S, = GyK,bSbeGy
- Instrumental parameter error
- Spectroscopic parameter error

- Approximation and implementation error
etc.

Forward Model parameter error << Retrieval Precision

— High accuracy algorithm is required.
12



Doppler shift & Instrument Functions

I B

EDoppler shift

Velocity of the ISS  : 8 km/s . O3-normal

Rotation of the earth : 460 m/s (on the equator) Refrieved sror ) ——

Wind : =100 m/s. (Use GMAO) opT s g

50 :_q ....... ——
E FOV Convolution : T ool
Considering the effects from tilt of ISS s Ll
Talv, z0) = __7MP[Z._ zp) - Tplv, 2)dz, 20 _f
B Fold Sidebands (Single Sideband Separator) Sooot ool ool o1 1 1o oo
T Incremental Error[2o]

_ KESB(uro — vig, z0)
Tmia‘:i [:y. ZD) -

KE5B(vpo — vip)

Talvro — vif, Tﬂ)]

Te(vLo — vig)
T

Ta(vio + vif, z0) JLSBUSE
GO
T.(vio + Vif]' "

(v, T) =

K{PB(vio + vig)
KPP (vio + vif)

B Channel Average: AOS Response function approximates as Gaussians. And Gaussian
parameters depend on channel number.

" N 2
[ Haosay (v — v5) - Tiz(i) (V. 20)dv LAy (v — v — zcij)
Taos(vj, z0) = “mm ' . Haosp(v—vj) =3 -exp | —2 : -
\L ( I j ji—"mzn HAQSEH{V — ij)db’ j—1 IL’?:_J'%,M 'i.-l-,‘?‘_j-
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A Priori / first guess

T B 000 |
Object Reference data
O, LBLRTM*1, Aura/MLS*2, CCSR/NIES*3
O, isotopes O, references with isotopic abundances for HITRAN

_|
3 HCI LBLRTM*1, Aura/MLS*2, CCSR/NIES*3
(@)
@ CIO LBLRTM*!, Aura/MLS*2, CCSR/NIES*3
(@)
O CH,CN UARS/MLS* (, Aura/MLS*2)
(¢)]
= HOCI LBLRTM*1, Aura/MLS*2, CCSR/NIES"3
% HNO, LBLRTM*!, Aura/MLS"2, CCSR/NIES3

HO, Aura/MLS*2, CCSR/NIES*3

BrO Aura/MLS*2, CCSR/NIES*3
O Temperature
<<
> H,0 NASA/GMAO'S
3 Wind
& Pressure

*1: Reference profiles used in Line-by-Line Radiative Transfer Model
"2: Monthly climatology based on measurements by EOAS-Aura/MLS
*3: Monthly climatology based on the CCMVal-REF2 run for 2001-2010 by CCSR/NIES

CCM

*4: CH,CN reference profiles based on measurements by UARS/MLS
*5: Near-realtime analyses produced by NASA/(%L\{IAO’S GEOS-5 DAS
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Retrieval Precision:Day (LT12:00)
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0, HCI ClO CH,CN HNO, HOCI HO, BrO 000 "000 O'700 Temp

e a priori profiles HOCI, BrO: CCSR/NIES, CH,CH: UARS/MLS, others: Aura/MLS (40N/March)
e Standard deviation of a priori : 100 %

e Measurement altitude : 0-80km, 2km, Retrieval Altitude: 4-85km, 3km
15



80

10

60

90

40

30

20

10

Retrieval Precision:Night (LT0:00)

Oy

e a priori profiles HOCI, BrO: CCSR/NIES, CH,CH: UARS/MLS, others: Aura/MLS (40N/March)
e Standard deviation of a priori : 100 %

HCI

CIO CH,CN HNO,

HOCI

HO,

BrO

18000

17000 0700 Temp

e Measurement altitude : 0-80km, 2km, Retrieval Altitude: 4-85km, 3km
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Retrieval Results
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Spectroscopic parameter error (HCI)

00 | 00
Before the Correction After the Correction
Residual error Residual error
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The residual errors are reduced
below 30 km
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Frequency [Hz] Frequency [HZz]

B Residual errors are 3 K around HCI lines at several heights. Below
30km, these errors are large around HCI lines, not other lines.
B Change HCI line parameters
 include pressure shift effect
» change temperature dependency of pressure broadening
parameter
18



Doppler Shift by Earth's Rotation Rate

I I
Before the Correction After the Correction
Residual error Residual error
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The residual errors are reduced above 50 km
and comparable with thermal noise.
-10 1 1 1 1 1 _ | | | | |
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Frequency [HZz] Frequency [Hz]

B SMILES antenna viewing direction is from north-northwest to east.
These errors occur when direction is north-northwest (azimuth < 0 deg)

B Effect of Earth rotation rate is estimated by L1B data processing. So we
request correction.

19



Summary

B The DPS-L2 is working as expected. The
observation data can be retrieved with minimal loss.

B There are still some systematic errors in retrieval
results. We will continue the following estimation
and improve the level 2 data.

- Accuracy of determining tangent heights

- Error source of the frequency shift
(Frequency calibration, Wind, etc)

- Line shape for other molecules

etc.
20



Algorithm for noisy products

B To avoid the bias from a priori, we retrieve the multi-scan data
simultaneously [Livesey,2004]. i.e. The observation data y, (i=1~N),
the weighting function K, than reference spectra f;, and the covariance
matrix of the measurements S,; are represented by :

Y1 £ K, Sy 0 - 0
Y f K, 0 S, 0 .
N A e
Y~ fx Ky o - 0 8§,

B However, these matrixes are too large (ex. K size: 1500x30x30 ), we

calculate K;'S K; (size30x30) and K;TS;(y;-f;) (size:30) for each scan

and save to reduce the load of the system.

X=a+ |_S;1 + EKITS;}Kl JLEKlTS;II ly; —f;(xy,b)] - K;TS;IIKI [a - XO]J
SKIS,K, = (KI'S;IK, +KIS;IK, + - +KIS1K, )

1

S KISy, £, (x:0)] = (S 11y, £, (5 D)+ + KESA Iy — fy (%,.,b)])

Reference:N J. Livesey and W. Van Snyder, EOS MLS Retrieval Processes Algorithm Theoretical Basis, 2004
21
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After the Correction
Residual error
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Doppler Shift by Earth's Rotation Rate

Residual error

10 T T | T
20 km ——

30 km
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After the Correction
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D The residual errors are reduced above 50 km
and comparable with thermal noise.
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Doppler shift & Instrument Functions

EDoppler shift
Velocity of the ISS : 8 km/s
Rotation of the earth

E FOV Convolution :
Considering the effects from tilt of ISS

Zmazx

Ta(v, zp) = [ P(z, z) - Tp(v, z)dz,

B Fold Sidebzﬁds (Single Sideband Separator)
[KEASB(VLO — Vif, %0) Ta(vro — vig, 30)]

Tmia‘:i [:V- ZD] -
KE5B(vpo — vip) Te(vro — vig)

T

[ KYSB(upo + vif)

KPP (vio + vif)

Ta(vio + vig, 20)
TC(VLO + Vi.f}

1 4+ a(T)? + 2a(T)cos (%
7 .

KESBUSB(, )

B Channel Average: Considering channel dependence

Ymax
S Vman

Haospy (v — Vi) - Tniwgiy (V. 20)dv
omer Haosm (v — vj)dy '

Taos) (v, 20) =

JVman

N, A UV — Vs — 10 _)2
Haosa (v — vj) =Z—-5’ - exp (_2( j § . ) _

w; ;

T

i/ T/2

j—1 W

: 460 m/s (on the equator)
Wind : =100 m/s. (Use GMAO)
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L2 Product dataset

Data: profile, precision, location, time, status....
1file/ day /molecule (11MB /day )

Data format: EOS-HDF (version 5)

- Compatible format with Aura/MLS

¢ @ HDFEOS

¢ @03

o~ ) ADDITIONAL
¢ @ SWATHS

SMILES_L2_O3_A_003-04-0008_20091012.he5

SMILES

¢ ‘@ Data Fields

B Apriori

B AprioriError

B AveragingKernel
[ Baseline0

B BaselineOPrecision
) Baselinel

MLS-Aura_L2GP-03_v02-23-c01_2009d285.he5

¢ @ HDFEOS

o- £ ADDITIONAL
¢ @ SWATHS

¢ @03

Aura/MLS

¢ ‘@ Data Fields

) Convergence
) L2gpPrecision
B L2gpValue
) 03

) O3Precision

B Quality
M Cratiic




Retrieval Results

Height, km

-
100 100
80 80
60 £ 60
£
40 g 40
20 20
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O3-normal (vmr) HCI_17 (vmr) ClO_56 (vmr)

100 g o

- apripri

retreval

2009.10.12

Height, km

Latitude 13.6 [deg]
Longitude -5.3 [deg]

Local time 15:20

Solar zenith angle 90[deg]

BrO_16 (vmr)
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Doppler Shift by Earth's Rotation Rate
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Residual error
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S The residual errors are reduced above 50 km
and comparable with thermal noise.
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Algorithm for Noisy Product

m To avoid the bias from a priori, we retrieve the multi-scan data simultaneously

[Livesey,2004]. i.e. The observation data y, (i=1~N), the weighting function

K., the reference spectra f,, and the covariance matrix of the measurements
S,; are represented by :

Y1 L K, Sy 0 - 0
Yy, f, K, 0 Syl 0 :

= , f=| 71| K= s S =| . .
A S IS T
Y~ fy Ky 0 - 0 Syl

m Toreduce the load of the system, we calculate below matrices and vectors,

Ki'S,K; and K;TS,(y;-f;,) foe each scan and save, because the size of these
matrices and vectors are small.

Reference:N J. Livesey and W. Van Snyder, EOS ML%getrieval Processes Algorithm Theoretical Basis, 2004
JCK Joint Conference May 26-28, 2009



Brightness Temperature, K

SMILES Level 1B Data — Band A

C——
band A (091012000062)
2009/10/12 03:22:14, N23.30 W173.83, SZA=55.8 deg
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Brightness Temperature, K

SMILES Level 1B Data — Band B

band B (091018000060)
2009/10/17 00:53:32, S21.52 E138.83, SZA=57.3 deg
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Brightness Temperature, K

SMILES Level 1B Data — Band C

band C (091012000062)
2009/10/12 03:22:14, N23.30 W173.83, SZA=55.8 deg
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JEM/SMILES Data Flow
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BDownlinked raw data from
the SMILES will be received
by the DPS-LO/L1 at User
Operation Area (UOA) on
Tsukuba Space Center
(TKSC).

BMThe DPS-LO/L1 processes
the raw data consisting of
house keeping (HK) data
and mission data to
brightness temperature
(level 1B data) in near-real-
time.

BMThe DPS-L2 produces the
vertical profiles of target
species called level 2 data in
near real time and
distributes the level 2 data to
data users by a Web server.



Pressure Broadening Parameters
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Earth's Rotation Rate

Residual error
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Doppler shift & Instrument Functions

EDoppler shift
Velocity of the ISS : 8 km/s

Rotation of the earth : 460 m/s (on the equsz
Wind : =100 m/s.

E FOV Convolution :
Considering the effects from tilt of ISS

Zmazx

Ta(v, zp) = [ P(z, z) - Tp(v, z)dz,

B Fold Sidebzﬁds (Single Sideband Separator)
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B Channel Average: Considering channel dependence
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Outline of JEM/SMILES

 —  —
B The Superconducting Submillimeter-wave Limb-Emission Sounder (SMILES) had

been launched and aboard the Japanese Experiment Module (JEM) of the
International Space Station (ISS) in Sep, 2009.
B The SMILES carries 4K cooled Superconductor-insulator-Superconductor
(SIS) mixers to demonstrate a highly sensitive instrument for submillimeter limb-
emission sounding.
® Nominal latitude coverage: 38S - 65N
® Observation number : 1600 / day (105 observation / orbit, 15.5 orbit / day)
® Observation band number: 3 (band A, B, C)

Standard products
O,, HCI, CIO, HNO,, CH,CN, HO,, HOCI, BrO, O, isotopes
(in the middle atmosphere)

JEM/SMILES
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