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SMILES L2 Product improvements in v2.X updates
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In this presentation, we will introduce about processing status of level 2 products of JEM/SMILES. Latest product v2.1 was
already released for RA researchers), and it will be released to the general users in spring, 2012.

The SMILES (Superconducting Submillimeter-Wave Limb-Emission Sounder) has 4K-cooled superconducting mixers and
had observed atmospheric spectra with high sensitivity for about half a year from Oct. 12, 2009. SMILES observes three submil
limeter bands defined as band A, B, and C. Frequency coverages are 624.32-625.52 GHz, 625.12-626.32 GHz and 649.12-650
GHz, respectively. Standard L2 products arg BCI, ClO, HNO;, CH;CN, HOCI, HO,, BrO and G-isotioes {7000, 0700,

8000) in the stratosphere.

In Sep., 2010, version 2.0 products were released for RA researchers. Objective of v2.0 product is to reduce temperatut
bias. In the stratosphere, temperature of SMILES v1.3 is 2% higher than other satellite observation like as TIMED/SABER,
AURA/MLS, and assimilated data like as GEOS-5. This is the largest issue in v1.X series since temperature is a basic paramet
which characterizes the atmospheric structure. Temperature bias may suggest biases of other products.

The new products used latest L1B 007 which includes gain nonlinearity effect of receivers. The bias of temperature in uppel
stratosphere is successfully suppressed. In addition, we stopped temperature retrieval above 40km and refer MLS temperatt
product (v2.2) with applying migrating tidal model. HCI profiles in mesosphere became constant. This feature is suggested by
Cl chemistry. V2.1 which was released in Jan. 2012 is miner update version for HOCI. HOCl lines are locateg pegr &hd
BO0O0. In this version, some parameters of these lines were changed and residual spectra were compressed. HOCI differer
between SMILES and WACCM around 30km was suppressed.
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Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES) onboard International Space Station has providec
global measurements of ozone (O3) profiles in the middle atmosphere from 12 October 2009 to 21 April 2010. We presen
validation studies of the SMILES version 2.1 ozone product in the altitude range from 16 km to 30 km using ozonesonde mea:

surements.

A total of 225 ozonesonde profiles from 33 ozonesonde stations worldwide are compared with a total of 471 coincident
SMILES ozone profiles. The agreement between the SMILES and the ozonesonde measurements is within 5% and better
higher latitudes in the altitude range from 26 km to 30 km.
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Validation of the SMILES Level 2 version 2.1 stratospheric ozone
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Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES) onboard International Space Station has providec
global measurements of ozone (0O3) profiles in the middle atmosphere from 12 October 2009 to 21 April 2010. We presen
validation studies of the SMILES version 2.1 ozone product in the stratosphere using other data sources: satellite data ar
chemical-climate models. The SMILES ozone data agree with most of other satellites data within 10- 15% at an altitude betweel
20 km and 50 km.
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Analysis of Arctic stratospheric minor gases related to ozone depletion observed witl
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Validation of stratospheric and mesospheric HCI (L2r product) measured by SMILES

o000 *o00o00YhYoooo2,o0002,0000°%
YOKOYAMA, Kengo'*, TAKESHI Manabé, YASUKO Kasatf, HIDEO Sagawa, KODAI Suzuki®

lopgoooo,?00000000,30000000
LOsaka Prefecture Universi§iNICT, 3University of Tokyo

0000000000000 0000D000O00O0OSMILES (Superconducting Submillimeter-Wave Limb-Emission
Sounder 000000000000 OO0DOO)DO00OOOOOD0OOOSS)DOO0O0ODOOOOO 20090 10000
20100 40000000O0OSMILESOO00OO (HCHODOOO (H3COH37ChoOoooooooooooooooo
0000000 3000000000000 D00O00O0 A(624.32-625.52 GHzZY H37CO O OO B (625.12 - 626.32
GHz)O H35CIOD OO0 O00OHCI DD DD 000000 oo0ooooooood

O0o0oooOo GoOKkmOO)00oOoooD9s%I OO0 (Cho HCIDODOUODODODOoOooooooooooooooo
0000000 HCIDODOODOODOO ClooooOooo0oooooDooo0ooooooooO0 HCloDooooooo
OO0000oo0o0ooDooooooooocloxODoooooooooooooooooooooogoo

O SMILESO O O 0O O O Aura/MLS(Microwave Limb Soundelr) ACE/FTS(Fourier Transform Spectromeéter] 0 O 0O O
0)000000000HCIODDODODOODO0O000000ooo00o0ooooooD 53kmOO000 0.2ppbvD 000000
0 [S.A. Montzkaetal201T1 0 0 00O OSMILESO OO0 ADBO OO OO HCI (Level-2 Researchl 0 0 O O version
2.1.5)0 Aura/MLSO O ACE/FTSO 000000000000 DODO0O00ODAura/MLSODOOODOOOOODOOO
OOOOSMILESODOOO AOCOOOOD Aura/MLSOOOO000O0O00000 25kmO0 50kmO000O00C0O0O0O0O
010%WJ000000000000000S50kmO0000 AurayMLSOO00O0DODODOOOOOOO0OOODODOOOOOO
SMILESOOO0O0000000O000O0 3.0ppbv0000000000OSMILESOOOO BO Aura’/MLSO OO OO0
gooooooooobood

O00000:00000, HCI, SMILES
Keywords: HCI, SMILES

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]‘c‘;g{;‘sgiem

Union

AAS22-P06 go:booboboobo 00:50 210 17:00-18:30

SMILES/MLS/ACE-FTSO OO0 00000 OO0 HCI/ClyO
HCI/Cly ratios of just before the breakup of the Antarctic vortex as observed by SMILES/M

FTS

0000 oooo?%,o00000Y%Yo00o000os3
SUGITA, Takafumt*, KASAI, YASUKO?, TERAO, Yukio', HAYASHIDA, Sachiko®

l0ooOoo0o0ooo0,?00000000,%3000000
INational Institute for Environmental Studié®ational Institute of Information and Communications Technoldiygra Women'’s

University

00000000000 0O0OHCILCIONG,,ClO000000 Cyd00o0oooooooooooooooooooo
gooOoOOOOOOOOOOODOODOOOODOODODODOODOOO 300 35pphvI D0 OOOOOOOOOOOOO
OOoO0Ogz0s500000 198000 0000DO2pppNd 000 0O0OCOOO000OOCOCOOOOOOODODDOOOODO
gooooOoOo0OOOO0OOOOOOOOOO0OO0O0O00000O00C CYyOOOOHCIOOOOOOOOOOoooooo
oo0li1oo0oooooooooooo0oooooooooooobooooooooooOboooooDobooOooooDo
gooooooboooooobobobooooooooobobooooboooDobOobDobobOobobobbooo
OSMILESO O 20090 1000000 4000 HCID cloOoOOO0OO0OOOOO0O0O000oooooooooooooo
0100000000000000O0operational researcid 000000000000 OODODOOOOCOCCOOOO
OMLSOOOO ACE-FTSOOO0O00OQCCOOOODODOOO0O0OOODODOCOOOODODODOOOOOO 18knmI 00O 460 KO
O0O00o28pphv 0000 HCIODOODODOOOOODOOODOODOOOODODOOODODODOOOOODOOOOOOOO
0000000000000 000000000000000000000000000 HCIIClyOOOoOoOoOoooo
gooooOoMLSOOOOOO0O0O00000000000001100000000000000O0 HCIDOOOOO
go000O0O0O000U0O000oO0OOoOoCyoopoOoOoOoOODOOOOOOCcyODODOO HCIDODODDOOODODODOOOOO
obooobOoboooobooooboobooogoooon

goooo:gogo,0o0,00,0000004ad
Keywords: stratosphere, antarctic, polar vortex, inorganic chlorine

1/1



Japan Geoscience Union Meeting 2012 ~® ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °

©2012. Japan Geoscience Union. All Rights Reserved. ]‘c‘;g{;‘sgim
Union
AAS22-P07 00:0000000000 00:50 210 17:00-18:30
JEM/SMILESDO 0O [ 00300000

Mesospheric O3 observed by ISS/JEM/SMILES
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Observation of CIO at the lower stratosphere by JEM/SMILES
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In the chemistry of stratospheric, it is well known that the inorganic chlorine species such as ClO, HCI, HOCI, @O
Cl-atom play major role. However, precision and/or accuracy of satellite observations for the inorganic chlorine species have
been not sufficient for quantitative discussions of inorganic chlorine chemistry. In this paper, we report observed results of CIC
in the lower stratosphere by using SMILES.

ISS/JEM/SMILES realized low-noise observation at the 650 GHz frequency region by using 4K-cooled superconducting SIS
mixer. As a result, CIO was observed with high precision much better than previous observations (Aura/MLS and Odin/SMR).

Aura/MLS have been measuring CIO with a 0.1 ppbv precision at 25-50km altitude. Theoretical CIO precision of SMILES
has been reported to be about 0.01 pptv at 30 km. This value can be verified from bin-width of histogram of nighttime CIO, since
the CIO value during nighttime should be zero below 35km at the background atmosphere. We obtained actual bin-width, or CIC
random error, to be 0.015 pptv, which is slightly larger than the theoretical value. It has been estimated that the additional randor
error might come from IFQV pointing error, temperature retrieval error, or baseline fitting error.

In tropical region (N10-S10), difference between day and night profiles was 79 pptv at 25 km. This result agreed quite well
with reproductive calculated value (nearby 80 pptv) by using Chemical Transport Model (SD-WACCM). On the other hand, in
middle latitude (N30-50) during Mar. 13-25, 2010, SMILES value were 71 pptv at 22km, and 35 pptv at 19 km. These value were
significantly larger that reported as 10 pptv by airplane and balloon observation in 1986. SMILES mid-latitude value is about
3-7 times higher than the past observation, however, agrees with reproductive calculated value like as tropical region. Thes
discrepancy in the mid-latitude between SMILES and past observation can be explained partly by the historical increase of tote
Clx from 2.4 pptv in 1968 to the present value3.0 ppbv.
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Chemistry within 2009/10 Arctic polar vortex observed by ISS/JEM/SMILES
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Superocnducting Submillimeter-Wave Limb-Emission Sounder (SMILES) is a 4K cooled limb sounding instrument in the
625-650 GHz frequency region, onboard International Space Station (ISS). SMILES was jointly developed by Japan Aerospac
Exploration Agency (JAXA) and National Institute of Information and Communications Technology (NICT). SMILES operated
from Oct. 12, 2009 to Apr. 23, 2010, when sub-mm local oscillator was suddenly terminated operation by failure. SMILES mea-
sured O3, H35CI, H37Cl, CIO, HOCI, HO2, BrO, HNO3, CH3CN and O3 isotopes (17000, 18000, and O1700). Precision
(random error) of SMILES CIO product is about 0.01 ppb which is about 1/10 of Aura/MLS. SMILES measured 45 degree
leftward from ISS forward direction, which gave latitudinal coverage of SMILES, 38S-65N.

It is well known that the chlorine chemistry (ClIOx) becomes dominant when the heterogeneous processes occurred during th
polar winter season. SMILES observed O3, HCI, and CIO during 2009/10 arctic winter season, as shown in Fig. 1. HCl is abou
1.6 ppbt at outside polar vortex and it is almost entirely converted to the CIO (1.6 to 2.0 ppbt). O3 destruction has occurred a:
much as 20% (from 4 ppmv to 3.2 ppmv) after 3 weeks of heterogeneous chemical process.

Fig. 2 (a) shows trajectory of observation points of SMILES (large circles) from 15:23UT to 15:47 in Jan. 23, 2009, and
CALIPSO observation points which passed north of Europe. Fig. 2(b) shows SMILES CIO vertical section. Figs. 2(c) and (d)
shows horizontaly and vertically interpolated CIO of SMILES and SD-WACCM (specified dynamics-WACCM, reproduction run
using GEOS-5 meteoroogical data), where slight difference is pbvious at the region observed in 15:38-15:40UTC at 20-22 km
Figs. 2 (e) and (f) shows those of HCI observed by SMILES and calculated by SD-WACCM, and HCI has been converted fully
to the reactive inorganic species. Figs. 2 (g) and (h) show O3 and temperature observed by SMILES.
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Mesospheric HO2 and O3 Distribution in Tropical Region Measured by SMILES and

Their Relation to Transient Luminous Event
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Sudden Stratospheric Warming event and its impact on mesospheric compositions i
2009-2010 Arctic Winter by JEM/SMILES
Sudden Stratospheric Warming event and its impact on mesospheric compositions i
2009-2010 Arctic Winter by JEM/SMILES

Mona E. Mahanli*, Daniel Kreyling, Hideo Sagawh Isao Muratd, Yasumasa KasabaYasuko Kasdi
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1Tohoku University2National Institute of Information an Communications Technology (NICT)
Tohoku University?National Institute of Information an Communications Technology (NICT)

The final target of this research is to find out the potential response of the atmospheric compositions affected by Sudde
Stratospheric Warming (SSW) in the upper stratosphere and mesosphere. A SSW is a dramatic middle atmosphere event whe
the polar vortex of westerly (eastward) winds in the winter hemisphere abruptly (i.e. over the course of a few days) slows dowr
(Minor warming) or even reverses direction (Major warming). During such events, the polar stratosphere exhibits a warming of
tens of degrees over a few days and polar mesospheric cooling has also been observed during SSWs. Over the past deca
satellite instruments have observed the impact of SSW events on minor constituents like carbon monoxide (CO), ozone (03
nitrous oxide (N20) and water vapor (HO2). It is now clear that SSWs are dynamical disturbances affecting the entire middle
and upper atmosphere, in addition to perturbing the tropospheric circulation (Kvissel, O.-K., et al., 2011).

We investigated the impact of SSW in the strato/mesosphere using newly obtained data with SMILES (Superconducting sub
Millimeter Limb Emission Sounder). SMILES is a highly sensitive radiometer with a few to several tens percent of precision
from upper troposphere to the mesosphere. SMILES was developed by the Japanese Aerospace eXploration Agency (JAX/
and the National Institute of Communications and Technology (NICT) located at the Japanese Experiment Module (JEM) on
board the International Space Station (ISS). From October 2009 to April 2010, SMILES has successfully measured the vertice
distributions and the diurnal variations of various atmospheric species in the latitude range of 38S to 65N.

The analysis of temperature and ozone for the SSW during 1st January - 31 March 2010 was performed. Ozone increasir
from January to March in the stratosphere has been confirmed. In the mesosphere, the diurnal variation structure of ozone w
illustrated due to the variation in SMILES solar zenith angle. Night time ozone enhancement in the mesosphere has already be
approved during this period, with respect to the temperature. SMILES observation approved the occurrence of SSW event in th
end of January 2010 and the end of March 2010. SMILES observation of latitudinal, diurnal and seasonal variation of ozone ir
the mesosphere will be investigated in detail with the focus on discovering the impact of SSW on the mesospheric temperatur
and minor constituents such as O3, HCl and HO2.

O 0 00 0O : sudden stratospheric warming, SMILES, atmospheric compositions, ozone, mesosphere, diurnal variation
Keywords: sudden stratospheric warming, SMILES, atmospheric compositions, ozone, mesosphere, diurnal variation

1/1



Japan Geoscience Union Meeting 2012 @ ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]agg‘sgimc

Union

AAS22-P13 go:booboboobo 00:50 210 17:00-18:30

000-000000000000000000000000000000 _ _
Predictability variations in a stratosphere-troposphere coupled system associated wit

winter polar vortex conditions
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Predictabilities of sudden stratospheric warming (SSW) events have been examined by the use of operational ensemble or
month forecast data produced by the Japan Meteorological Agency (JMA) (e.g., Mukougawa et al. 2005; Hirooka et al. 2007)
However, they are case studies limited to a few SSW events.

In this study, intraseasonal and interannual variations in predictability of temperature inside the polar vortex in the northern
hemispheric winter are investigated for seven winters of 2001/02 to 2007/8 by the use of the JMA forecast data. The ensembl
one-month forecast is performed every Wednesday and Thursday from a control initial condition and several couples of perturbe
conditions with both signs. In total, 26 or 50 ensemble members are taken for a week with a time-lagged (one-day) ensembl
technique. The seven-winter period includes four SSW events and some minor ones.

Several measures on the predictability of the ensemble forecasts are introduced to study the predictability variations associat
with dynamical conditions of the polar vortex, which are related to SSW events or vortex intensification events. Predictability
limit is defined using the root mean square error as the time when it first surpasses one half of the climatological standard dev
ation in winter for a statistical analysis of its seasonal variation. On average, the predictability limit in the stratosphere is longer
(about 10 days) than that in the troposphere (about 5 days). Its seasonal variation is large in the middle stratosphere; relative
long in early and late winter, whereas relatively short in midwinter.

The occurrence of some SSW events is well predicted by a large part of the ensemble members with a lead time of one wee
or so, whereas that in some other cases is more difficult to predict. We also have some examples of the predictions of an SS!
event but no realization in the real atmosphere: the real world is in the other tail of the probability distribution of the ensemble
forecasts of an SSW event. The occurrence or non-occurrence of such extreme events is discussed with probability distributic
functions that have large non-Gaussian nature.

00000:00000,00000,0000,00000000000
Keywords: stratospheric circulation, predictability, sudden warming, ensemble one-month prediction
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e molecular diffusion process in the stratosphere

Evaluation of th
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It has been shown that the gravitational separation effect can be detected in the stratosphere from nitrogen, oxygen, and arg
isotopic ratios and Ar/N2 ratio observed by balloon experiments. The gravitational separation has a possibility to be a new trace
of stratospheric circulation. In this study, theoretical model simulations are performed to validate an existence of the gravitationa
separation in stratosphere, as well as to evaluate the magnitude of isotopic discrimination of the atmospheric major componen
driven by molecular diffusion including the thermal diffusion. 2-D model of the middle atmosphere, SOCRATES, used in this
study has a high altitude domain up to 120 km and includes molecular diffusion process above the mesosphere. In an origin:
setting of SOCRATES, the thermal diffusion is calculated only for hydrogen atom in the mesosphere. We expanded a model do
main affected by the molecular diffusion process to the stratosphere, and calculated the ratio of 3202 and 3402 concentration
The molecular diffusion flux is calculated by applying a theory in Banks and Kockarts (1973). Thermal diffusion factor for the
mixture of 3202 and 3402 is assumed to be 0.01 by considering the value previously reported in Grew and Ibbs (1952). W
repeated model simulations with and without ordinary molecular diffusion and/or thermal diffusion, and compared the distribu-
tions of oxygen isotopic ratios. As a result, it is concluded that the magnitude of gravitational separation in stratosphere will be
significant enough to be detected by the isotopic measurements. However, simulated magnitudes of the gravitation separation ¢
considerably smaller than observed values. Possible effects of the thermal diffusion on isotopic ratio will be also discussed.
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We have conducted continuous monthly ozonesonde observations and campaign intensive observations with a few-day interv
every winter at Hanoi (21N, 106E), Vietham since September 2004. By using the obtained data, seasonal and subseasonal ve
ations in ozone mixing ratio (OMR) are investigated and the cause of the variations are discussed. A relative standard deviatio
(RSD), which is defined as a standard deviation divided by the mean value, is employed to evaluate the amplitude of variation i
order to eliminate the rapid increase of the mean OMR with height.

In the lower and middle stratosphere (above about 20 km height), a clear seasonal variation is found with larger values in sprin
and summer and with smaller values in winter which is consistent with the well-known features of seasonal variation shown by
previous studies.

A seasonal cycle with a winter minimum and a spring-summer maximum is also found in the UTLS region (10—20 km) with
the larger RSD of 20-30%. Backward trajectory analysis shows that the winter minimum is due to the low OMR air mass trans-
port form the tropical troposphere. This feature is commonly seen through the UTLS region in winter. On the other hand, the
variation from spring to summer seem different between above and below the tropopause level at around 17 km. Below the
tropopause level (upper troposphere around 14 km), the OMR peaks in late spring (May). This peak is consistent with the ai
mass transport from the mid-latitude stratosphere to the deep troposphere due to tropopause foldings. Above the tropopause le
(lower stratosphere around 18 km), the OMR peaks in summer (July to August). This peak seems to be caused directly by th
anti-cyclonic circulation associated with the Tibetan High, which is different from the upper tropospheric increase due to the
tropopause folding. In mid-summer, the well-developed tongue-shape structure with high OMR air masses moves over Hano
As a result, the maximum OMR is considered to appear at around 18 km height in summer over Hanoi.

In the lower troposphere, the OMR has a clear maximum in March to April at about 3 km height. The maximum seems to
propagate downward from 3 km height to the surface ozone maximum in May. The relation with surface ozone enhancemer
due to biomass burning is suggested, although the feature with downward propagation is inconsistent with the surface source.
tropopause folding is another candidate for producing the spring ozone maximum at 3 km.

Subseasonal variations in OMR show large amplitude in the UTLS region (around 15 km) and in the boundary layer (below
1 km) with the RSD of larger than 40¥%, which is comparable to that of mean seasonal variation of OMR. It is shown that the
OMR variations in the UTLS region during the every winter campaigns have a negative correlation with the meridional wind.
This relation indicates that the low OMR observed at Hanoi has been transported from the equatorial region, which is confirmec
by backward trajectory analyses. This result supports the interpretation that the OMR winter minimum in UTLS is caused by the
low OMR air mass transport from the equatorial region where the mean ozone concentration is low.

The mean OMR values during the winter campaigns suggest an existence of significant year-to-year variability in OMR at
Hanoi. In January 2006, the convective center accompanied by the anti-cyclonic circulation as Rossby response moved westwa
due to the La Nina condition, which result in the more frequent arrival of low OMR air masses transported from the equatorial re-
gion to Hanoi. There is a possibility that a similar large-scale circulation change associated with the ENSO variation can strongly
affect the ozone and other quantities over Hanoi.

Keywords: ozone, Stratosphere troposphere exchange, Indochina Peninsula, tropopause folding, Rossby wave breaking, biom:
burning
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Analysis of an Extratropical Cyclone and Tropopause Inversion Layer using a Meso-scale

Model
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Chemical Reactions in the Stratosphere Induced by Transient Astronomical lonizing Ever
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A proposal of the SPARC Reanalysis/Analysis Intercomparison Project (S-RIP)
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Available global reanalysis data sets (8 currently) will be investigated for the major middle atmospheric diagnostics under the
collaboration between the SPARC community and the reanalysis centers. The purposes of this project are to have a good comrr
nication platform between the SPARC community and the reanalysis centers, to understand the current reanalysis products, a
to contribute to future reanalysis improvements in the middle atmosphere region. The project will have three major components
(1) the management team which deals with the overall coordination including the SPARC-reanalysis center connection, (2) th
scientific working group which suggests the diagnostics covered and has the responsibility for editing and writing the final report,
and (3) all SPARC-related researchers who make the data analysis, write journal papers, and contribute to the final report. Tt
project will hold two or three dedicated workshops, where analysis results are discussed among the SPARC community and tf
reanalysis centers, and produce the final report as a SPARC report, which reviews the then past and near-future publications. T
project duration is expected to be 3-5 years for the first phase. This project will be officially proposed at the SPARC SSG meeting
in February 2012.
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