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Data composite of airborne sulfur dioxide measurements in the upper
troposphere

*Hans Schlager’
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Sulfur dioxide (SO,) is a key aerosol precursor gas, however, only during recent years high-precision
in-situ data could be obtained for the upper troposphere (UT) using airborne chemical ionization mass
spectrometry. Data summaries of SO, will be presented from a large number of campaigns performed with
the research aircraft Falcon and HALO during the years 2005 to 2015 covering a geographical region
from 83°N to 65°S and 105°W to 135°E and altitudes up to 15 km. The SO, data were gridded onto a 5°
latitude by 5° longitude horizontal grid with a 1-km vertical resolution. The data composites provide
information about the SO, distribution at mid-latitudes, tropical and polar regions. Median SO,
background mixing ratios in the UT range between 10-25 ppt, however, also areas with strongly enhanced
SO, mixing ratios in the UT were observed, associated with events of new particle formation. The SO,
sources and transport pathways for these specific observations will be discussed.

Keywords: sulfur dioxide, aircraft measurements, new particle formation

©2017. Japan Geoscience Union. All Right Reserved. - AAS11-01 -



AAS11-02 JpGU-AGU Joint Meeting 2017

Temporal characteristics of CH, vertical profiles observed over Surgut
(Novosibirsk) from 1993 (1997) to 2014 in West Siberian Lowland
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We have carried out monthly flask sampling with aircraft over the boreal wetlands in Surgut and a pine
forest nearby Novosibirsk, both located in West Siberian Lowland (WSL). Vertical profiles of methane (CH,
) concentration were measured up to about 7 km since 1993 at Surgut and 1997 at Novosibirsk.
Temporal variation at each altitude of both sites exhibited increasing trend with stagnation during
2000-2006 as observed globally from ground-based measurement network (Figure). In addition to winter
maximum as seen at other remote sites in northern mid to high latitudes, a maximum was observed in
summer, particularly in lower altitudes over the WSL. Large CH, emissions from the wetlands in the WSL
likely have exceeded zonal-mean CH, loss by reaction with OH radical during summer, leading to the
summer maximum. Methane emissions from different parts of the Earth's surface, atmospheric transport,
and chemical loss produce the vertical CH, gradient and its variability. The vertical gradient at Surgut has
been decreasing; the annual mean CH, difference between 5.5 km and 1.0 km decreased from 63+9 ppb
during 1994-2000 to 37+8 ppb during 2009-2013. On the other hand, no clear decline in CH, vertical
gradient appeared at Novosibirsk. An atmospheric chemistry-transport model simulation captured the
observed decrease in the vertical CH, gradient at Surgut, when CH, emission from Europe was decreased
but increased from the regions south of Siberia, e.g., the populated Asian nations and tropical land. At
Novosibirsk, the influence of the European emission was relatively small. Our results also suggest that the
regional emissions around the WSL did not change significantly over the period of our observations.
Long-term monitoring of CH, vertical profile over West Siberia enabled us to detect variation in its
emissions from the WSL and the surrounding land regions.

F—O—K: X5V, MTERER., mIAR) PERE
Keywords: Methane, Aircraft observation, West Siberian Lowland

©2017. Japan Geoscience Union. All Right Reserved. - AAS11-02 -



AAS11-02

JpGU-AGU Joint Meeting 2017

2050 -

7.0 km

2000+

1950+

CH, (ppb)
=
©
S
IS

1850+

18007

se. Obs.

xxx Obs. (low N2O)
«. ACTM

5.5 km

Obs.

xxx Obs. (low N20)

¢« ACTM

2050 |
2000}
19501}

1900+

CH, (ppb)

1850+

1800+

.
XX x

« Obs.

Obs. (low N,0)

e« ACTM

Date (year)

©2017. Japan Geoscience Union. All Right Reserved.

- AAS11-02 -

Date (year)

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014




AAS11-03 JpGU-AGU Joint Meeting 2017

Climatological variations of tropospheric CO, over the Asia-Pacific
region observed by the CONTRAIL commercial airliner measurements
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We present spatial and temporal variations of tropospheric CO, over the Asia-Pacific region analyzed from
10 years of the CONTRAIL commercial airliner measurements. The CONTRAIL flights with the
high-frequency CO, measurements have covered large part of the Asia-Pacific region. Here we address
climatological variations of CO, from the boundary layer to the upper troposphere across the Asia-Pacific
region toward comprehensive understanding of influence of Asian surface fluxes under the varying
seasonal meteorology. Highlights of this study are summarized as follows. (1) Seasonally elevated and
highly variable CO, is observed in East Asia to the North Pacific in spring. This is likely explained by active
passage of eastward-tracking synoptic systems that sweeps the continental East Asia and uplifts the
region’ s CO, emissions up to the free troposphere. (2) The region-wide CO,, decrease is obvious across
the Asia-Pacific region and it is principally composed of CO, drawdowns originating in two distinct
regions: boreal Eurasia and South Asia. We observed seasonally largest variability of CO, in the UT north
of 40° N, likely due to heterogeneous spatial distributions of biospheric fluxes combined with sporadic
convective vertical transport over the continent. Our observations also characterized distinct CO,
depletion in the upper troposphere over South Asia as a result of strong South Asian biospheric uptakes
and confinement in the Asian summer monsoon anticyclone. The development and decay of the
anticyclone remarkably contributes to distributing CO, over the Asia-Pacific region. (3) As the cyclonic
activity decays and the monsoon anticyclone develops from spring to summer, CONTRAIL measurements
with highest data density over East Asia to the North Pacific serve as better constraints to CO, fluxes in
East Asia in spring and those in South Asia in late summer.

Keywords: Carbon dioxide, Aircraft observation, Asian monsoon
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Recent trend of atmospheric nitrous oxide isotopocules in the
Northern Hemisphere
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Nitrous oxide (N,0O) is one of the increasing greenhouse gases in the troposphere and is the most
important stratospheric ozone-depleting gas emitted in the 21st century. In the Northern Hemisphere,
sources of atmospheric N,O include human activity in Europe, Russia, Asia, and North America (e.g.,
agriculture), biomass burning (forest fires), oceans, and future climate change might cause substantial
change in such sources. Isotopocule ratios of N,O, which include not only elemental >N/™N and '®0/"®
O ratios but also site-specific SN/'N ratio in asymmetric NNO molecule, are regarded as useful
parameters to infer the origin and production-consumption mechanisms of N,O, and to estimate its
global budget. Previous studies on N,O trapped in the firn in polar ice sheet revealed the secular trend of
isotopocule ratios, but there have been only a few reports on long-term monitoring of atmospheric N,O
isotopocule ratios in the Northern Hemisphere.

We have been measuring mixing ratio and isotopocule ratios of N,O at one site in the low lattitude and
two sites in the high lattitude of the Northern Hemisphere. At Hateruma, a southwestern island of Japan
(24°N, 124°E), monthly air samples are collected into glass flasks at 46 m above sea level, and N,O
isotopocule analysis has been conducted since 1999. At Novosibirsk in the western Siberia, Russia (55°N,
83°E), monthly samples are collected at altitudes of 500 m and 7000 m by aircraft, and N,O isotopocule
data have been obtained since 2005. At Churchill, northern Canada (59°N, 94°W), surface air samples are
collected biweekly, and N,O isotopocule analysis has been conducted bimonthly since 2011.

Results show that the bulk nitrogen isotope ratio (d15Nb“'k) are decreasing at the similar rate (about
-0.04%0 yr'') as reported by firn-air analysis while the N,O mixing ratio are increasing (about 0.8 ppbv yr'h)
at the three sites. This suggests isotopically light N,O sources such as agriculture are still contributing to
the increase in the atmospheric N,O. Detailed analysis of the time series reveals that year-to-year
variation of the mixing ratio and d'°N®"* has been enhanced since around 2010 at all the three sites, and
that vertical gradient of the mixing ratio and d"°>N*"* over Novosibirsk has been also variable recently.
Cause of these findings will be discussed with respect to temporal change in N,O flux and isotopic
signature of surface sources and change in atmospheric circulation including troposphere-stratosphere
exchange, with the aid of atmospheric model simulation.
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Emissions of CO,, CO, and CH, from peat forest fires on Sumatra
Island in non El-Nifo year 2013
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We observed substantial enhancements of atmospheric trace gases and aerosols (CO,, CH,, CO, PM2.5,
PM10, and black carbon) in summer of 2013, with continuous instruments onboard the NIES voluntary
observing ships sailing in the Southeast Asia region. The enhancements were observed off the east coast
of the Malay Peninsula and in the straits of Malacca along the shipping route, associated with prominent
enhancements in CO. The 6-year climatology (2008 -2013) of the monthly mean CO mixing ratios in
these areas shows the maximum in June, followed by moderate but relatively high values in following
months of July and August. Our analysis combining in-situ measurements, satellite observations, and an
air trajectory analysis showed that the observed enhancements were due mainly to the intensive biomass
burnings that occurred in the central Sumatra. We examined the quantitative relationships between the
observed CO,, CO, and CH, during the CO enhancement events. Strong correlation was found between
these gases, and the calculated emission ratios of CO/CO, suggested large contribution of peat forest
fires to the observed enhancements (CO/CO, = 135 ppb/ppm). We determined the emission factors (EF)
of CO,, CO, and CH, from the peat forest fires using the emission ratios of CO/CO, and CH,/CO,,
showing the EFs of 1722, 132.0, and 6.27 (g/kg) for CO,, CO, and CH,, respectively. These EFs were
compared with those calculated from the current emission inventory (GFED version 4S), which are 1671,
144.5, and 11.95 (g/kg) for CO,, CO, and CH, respectively. These EFs were consistent with each other
except CH,, suggesting that the EF used in GFEDA4S is overestimated for CH, from peat fires.

F—U—R:BEMRIME. RET7IT7. N T MREE
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Individual Particle Analysis of Marine Aerosols Collected over the
North Pacific and its Marginal Seas
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ASHBPOIT7OYVIVRIFIE KGRI 2RI - BEL T2 &P, ERE L TEBZEEAEXRT D &ICLY KR
ICEEAEZ%, LHALAENS, KKRIT7AVILOEFICDWTOREMIEMZEIXE W (IPCC,2013) ., &H
BTk, BREBEAFETERLAI7OVILAFICN L CEFBEMERE AW ERNRFOMEITVL. BiEIC
LK BRFDEMPEDEVERELNMITEIEEBEMNELTWVWS,

HEHREUIKH-13-7 fiiE (KFEFE : 2013/12/11-2014/2/12) . KH-14-3 Leg2 #iiiE (KFE

£ :2014/7/17-8/11) . KS-16-8 iz (BAENE : 2016/7/5-7/13) U ICMR16-06 s (R—1) >4
8 - JbiBiE 1 2016/8/22-10/5) ICHWVWTIT o7z, HELAB4 O 7OYVILRIFICH LT, EBEEFEH
BAEAVEHEHRE, TRILF—DBEXEAERE AW ETRON AT o7

AEICBVWTEIRLAEAY Y TIVEEE L TWRWBIBR FICK > T8ORU LA EDH SN TWE, —A. AX
EHICBVWTERLEZ2Y Y TILDIBTH Y TIVIEEE L TLWARWEBERI FICK > TABOESD SN TV
N BNV TIVEEEBEERRRIEICK > THRIOWU LA HEH SN T Wz, TNISHEREIROE TICHED
BRSMOFBADNREERTHZEEZAOND, BETIE. BEBFICEVWTEONAEY Y TILODHERICOW
TERETZTFETH S,
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Evaluation of satellite-based tropospheric NO, vertical column density
using MAX-DOAS observations and their integrated analysis
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BHEIE - REMBREDAABRERY. HTMAK - EREDI SATHFARE SN2 ERBIEMNOX)DEER
A THBINO,IE, MEL>EBRELKFHEIOHUTEDIARERY—H—9FE LTHEMNITLN, &
IETIE. BEDNONOREDEBAMPIOFER T —ILDEFNELALND L IICHR>TE L, LHALED
5, TONRENREAN S LBEOHREEIZ. MBHEIBTEEBEONERICEEFTDHRE, KELRADNAT
AEF>TWBZ EMERMI N (Kanayaetal, ACP2014) . ZDENFORKAERICEMRT I ENHL
M ofc. AMETIE. OMIEE > HERICT LDOMINOV27 LT LA TEHINNO, N T LIREICHE
L. DET& W BRI Z1TV. £ZNE2EBL T, BESHOREPI 7OV E L6 THE LG L
oo BEMICIZ, HAEE (35.32°N, 139.65°E) T2007-20144&E ICEHE S /-t EMAX-DOASE A # EfE & L
THW, SESUISLDOTRL—I VI A—IEBRLTHOEET Y BT EICLY, "M TR
DREADERET DN DD o7, TDZEFE. BELFDORENELLTNATFTIANKZEVWI EEZEKT
%, DOMINOV2TiE, 2R T —ILDHEWREEOHEETILTMAL LEELTHREERALTVWS, 20D
A, HHETOEHOBRICIIMRMEDERENDSEW A +RICERTES, IT7IYRT 779 —REDKEIC
BEANENHASINDZ I EICE 2T, BRI TRANRBI B EN DN o7z, MAX-DOASHSE LN, EEIC
FEWEELSGHRICEERZAZ L. GEINSORTE NS LEEITH2.2ZICHERL. MAX-DOASHS1F5
NEWRBAZLABREL S —BEIALLA, hRMAEESRABRICEML, THE=9 ) VI TOEIED
K Zedbhotz, UEDBRAHLI S, BELHABIICERTSZIET, BET—IHLLYEBENDEWVA
FSLBENBHAEET, £LhLE T, MRMEBELBUICHEL > &’ bh o/, —AT, T70OY
WIZ& DY —IL RRIRICDWTIE, cloud fractiond0.03LL FTDTF— 4 A L= & TICEBEICRNSD
E. FOEAIK. T7TAOVILOHRAEBICEY A7 ILTY XLAPOMINOIC &K 2OMIDERITIER & BEMT
HBIENDbH T,

F—7— K : remote sensing. vertical profile, aerosol
Keywords: air pollution, nitrogen dioxide, algorithm

©2017. Japan Geoscience Union. All Right Reserved. - AAS11-07 -



AAS11-08 JpGU-AGU Joint Meeting 2017

Deployment of the 4AZ-MAXDOAS system at Chiba, Japan: the
potential to investigate the spatial inhomogeneity of atmospheric
components

*AST =]

*Hitoshi Irie’

1. FEREREYE— M VIV ITHAREY Y —
1. Center for Environmental Remote Sensing, Chiba University

Ground-based observation data utilized for the model evaluation have been often obtained at sites, where
target physical parameters, such as concentration of trace gas, are thought to be homogeneously
distributed on a model grid spatial scale. However, the spatial distribution should depend on the physical
parameter. More importantly, there tends to be the lack of sufficient test regarding the spatial
homogeneity, particularly around sites, which are usually categorized as urban or suburban sites. Here, we
present the new observation system, the 4-different-azimuth-viewing Multi-Axis Differential Optical
Absorption Spectroscopy (4AZ-MAXDOAS) system. The continuous observation by the 4AZ-MAXDOAS
system has been conducting in Chiba University, Chiba, Japan (35.63N, 140,10E) since November 2014,
to investigate spatial distributions of atmospheric components such as nitrogen dioxides (NO,),
formaldehyde (HCHO), glyoxal (CHOCHO), and water vapor (H,0) on a spatial scale of about 10 km. We
found that daily 4AZ-MAXDOAS data for a 0-1 km layer show the significant spatial inhomogeneity, even
for H,O. However, the observed spatial inhomogeneity as well as the temporal inhomogeneity can be
lowered by taking averages over longer time. We found that the differences among monthly-mean NO,
volume mixing ratios for 4 different viewing directions were as small as "2 ppbv. Similarly, those
differences for HCHO, CHOCHO, and H,O were estimated to be as small as "1 ppbyv, 60 ppty, and "0.2%v,
respectively. It is suggested that for measurements made at a single site, averaging data over time can
lower effects of both spatial and temporal inhomogeneities on the estimate of the representative values
for a grid adopted by a model and for a pixel measured by a satellite instrument.

*—7—F : MAX-DOAS, NO2, HCHO. CHOCHO. H20
Keywords: MAX-DOAS, NO2, HCHO, CHOCHO, H20
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Characterization of aerosols and trace gases in Phimai, Thailand using
MAX-DOAS measurements.
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We present the Multi-Axis Differential Optical Absorption Spectroscopy (MAX-DOAS) aerosol and trace
gas measurements performed in Southeast Asia, at Phimai, Thailand (15.18°N,102.56° E). Our MAX-DOAS
instrument has been operating there since September 2014. Aerosol and trace gas vertical profiles were
retrieved using the Japanese MAX-DOAS profile retrieval algorithm version 2 (JM2), a multi-component
profile retrieval algorithm based on the optimal estimation method. The components retrieved are Aerosol
Extinction Coefficient (AEC) at 357 and 476 nm and 6 trace gases (NO,, SO, O, CHOCHO, HCHO and H,
0). The MAX-DOAS data of AEC and its vertically-integrated quantity, i.e., the Aerosol Optical Depth
(AOD), were compared to those of the co-located AD-Net (Asian Dust and aerosol lidar observation
network) LIDAR (Light Detection and Ranging) and SKYNET sky radiometer measurements, respectively.
Aerosol measurements from all the three platforms showed similar seasonal variations with enhanced
aerosol loading during the dry season (October-May). This enhancement was associated with biomass
burning, which is a pronounced event in this region according to literature reports. This was further
supported by satellite observations (MODIS), which show high correlations with MAX-DOAS data with an
R? of 0.71. The seasonal variation of trace gases (NO,, 502, O3ICHOCHO, and HCHO) showed similar
patterns with enhanced concentrations during the dry season, consistent with the influence of biomass
burning. In the dry season, the CHOCHO/HCHO ratio was estimated to be 0.025+0.017, which is in the
range of the literature values reported for rural sites. The Ozone Monitoring Instrument (OMI)
tropospheric NO, data also showed similar seasonal variations but tended to be biased high by 27%. It is
thus expected that such unique results from multi-component observations with MAX-DOAS will be useful
for evaluating satellite data and models for the Southeast Asia region.

Keywords: MAX-DOAS, Aerosols, AOD
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Estimation of atmospheric ammonia distribution from GOSAT-TIR
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KGR TYVEZTIEIBEBEEDCEEY. N ATAN—ZU IR EDELA2AREBEISHIHRIhTEY., *
DOHHEIEABEEIDREDILKICHE > TRIEBMICEIMLTWS, 7Y E-T7ISBKEELMETH S -
O, OB EDRIGICE > TPM2.554MT 5 &, CCNER> THIINZICHEASEZ 52 &, iz #
BYEICRE L CERBILEZEHRELT IERE, ZIRUIHEYREERIFTTZEAMSATWS, LML, %
DAIHFTOEMIZEL., 2HIRBETCORBESGCPZTOE LA ERICTMT 22 & B LV, TFE. FEESH
BOMEARI MLEYH—DITB EIFICE Y. BRARRBOT7VEZT7ORINFEEZFAL T, 2KEESD
HOWENTREE 72 > 7=, Clarisse et al. (2009) TIZIASID T —4 A#FAWT, 7YV EZT7DRINE TOREERE
EETVEZTOIHEICEFICERTZI LT, YD TTVET7ORKEEOHEICHKIILTWS, X
7z IASIASATHTES, AIRS, CriIS&E W o 7= BRB A REERA R Y ML EVH—IL& 2T — 9 ZAVTRESED
ThhTWwd, L. oDy —PBHEHINWTWE TSy M7+ —AKEIREAHEN168 & LBEHEL
7=, EEETCOLEEAIRZA D EIIRE#TH D, /-, 1 VRV N EEZEL TYEBRZEETILICE > TH#
EINRHEFEHEHUDBERICIEEEL’H S Z EHHE I N TV S (Shephrad et al.,, 2011), SEIAWVS
GOSATIZEZEEA3IA E LEBDEDICLERTEWESD, LYERBOARY M2 6N HREELH
%, AFKKRTIEGOSATICL BTIRF— 49 2 AW KIERERES L & BITEREZEN -crz) %w‘_ FiRISIERR
D Maximum a posteriori Method (MAP;%; Rogers, 2000) &% Y. U.S. standard® 7 —THERET

774NV EEREL. TNICHRBIBEEEHENTA—S9—E Lk, PVEZT7DY NV —/\)l/L'—]_—Z_éE’*E“
AREVWEEDLDNZREB7O7 74 EKERTOT 7 4M;tGOSATT|R7 BRI SERICHET S &

THREDRBEEHE >, EMLEBTERIES Y FEBPHFERBTEVREEZRLTEY. ZOHERIEZIN
FTORELBENTH D, RRTIIDKOBIHERERT .

F—O—RN:FERVE—bEVI VT BREARS. KSBMEKRS

Keywords: satellite remote sensing, thermal infrared radiation, atmospheric minor constituents
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Temporal evolution of minor species observed with ground-based
FTIR at Syowa Station, Antarctica in 2007, 2011, and 2016
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EABRRFAIEMIC S W T, 2007E & ¥ Brukertt BIFS-120MEFTIRA ELAIFRICERE L. KFBRMEESLRICH
WEKRSHMERDOER%#To TV, BHIXEETIEAL, FTIREAIEMOKEHN R THE L TWBEIC
DHFT>TWB, INET, 2007F (F48RMLEK) . 2011F (FBE52RBLEK) . 2016F (FE57REL
Bk) DIFERDEBA1T>TE, FTIRICK 2881IL, BLXRBEBANEMICKEGANHTWE3BE~5H. &
UBB~12BIC1TY T ENARETH %, FTIRICK o TERIN ARERERATIMEM DI, O, HNO,, HCI,
CIONO, B ETH %, SEIE. INOHFTIRTHASNAAIHERS OMIC, BMEMICEFZ2FY YT
B, ROCAIBEEMLSICE BCIO, HCl, L < ATHEMIPASIC & 2CIONO,DEAIRER € TRITE
To7z, BITIEEENEALEZEHT I EHNARETHY . SOIEZDIB18kmE22 kmIZiER L THRR
RN, TORR. BHEMICSIT2LFICHE6FUDITEINSHCIEENBLV A RD B &N
Hlotz, Thid, BIMEM EZICHEIFEPSCORBICKZEDTHB, BHMEMEZICKENHIRE>TL S
SAMOMNSCIOREN LFAMD, IAFIHEICE—VICRD, TDIAELHCIBERKIFEAEELODEET
Hd, IBHFANSI0BICNFI T, CIOBREDREDE &HIC. CIONOREDEMEHCIRE DIEML A 51
2, INBLELELD) Y —NR—ICLW L DClyLIEETZ20E. ZICE>T. FEEBEICLI>TEL>TWS
ZEMHIoT, el O,RERBARMNSEDEID. 10BICREEAY AV YV ER—LIERIND, Th
5, EBEM ETZICEVWT, EBAICK > TCClYREED/IR—FT 4 > a =V I OBKFIERINADIEHENT
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Theoretical Studies of Spectroscopic Line Mixing in Remote Sensing
Applications

*Qiancheng Ma', Christian Boulet?, Richard Tipping®

1. Columbia University of New York City, USA, 2. Institut des Sciences Moleculaires Orsay (ISMO), CNRS (UMR8214)
and Universite Paris-Sud Bat 350, Campus dOrsay F-91405, FRANCE, 3. Department of Physics and Astronomy,
University of Alabama, Tuscaloosa, AL 35487-0324, USA

The phenomenon of collisional transfer of intensity due to line mixing has an increasing importance for
atmospheric monitoring. From a theoretical point of view, all relevant information about the collisional
effect on line shapes is contained in the relaxation matrix whose diagonal elements are the half-widths
and shifts of individual lines while the off-diagonal elements correspond to line interferences. For simple
systems such as those consisting of diatom-atom or diatom-diatom, accurate fully quantum calculations
based on sophisticated and realistic interaction potentials are feasible. However, fully quantum
calculations become unrealistic for more complex systems. Meanwhile, due to relaying on the isolated
line approximation, the semi-classical Robert-Bonamy formalism, which has been widely used to calculate
half-widths and shifts for decades, fails in calculating the off-diagonal matrix elements. As a result, in order
to simulate atmospheric spectra where effects from line mixing are important, semi-empirical fitting or
scaling laws such as the energy corrected sudden (ECS) and infinite order sudden (I0S) models are
commonly used. Recently, we have found that in developing semi-classical line shape theories, to rely on
the isolated line approximation is not necessary [1]. By eliminating this assumption, we have developed a
more capable formalism that enables one not only to reduce uncertainties of calculated half-widths and
shifts, but also to calculate the whole relaxation matrix. Thanks to this progress, one can address the line
mixing based on interaction potentials between two interacting molecules. We have applied this
formalism for Raman and infrared spectra of linear molecules [1-4], asymmetric-top molecule [5], and
symmetric tops with inversion symmetry such as the NH, molecule [6-8]. Our calculated half-widths of NH
5 lines in the parallel and perpendicular bands match measurements very well. Furthermore, the method
has been applied to the calculation of the shape of the Q branch and of some R manifolds in the nu1l
band of NH,, for which an obvious signature of line mixing effects has been experimentally demonstrated.
Similarly, the formalism very well reproduces off diagonal elements measured in some of PP doublets in
the nu4 band. In summary, comparisons with measurements show that predictions from the new
formalism accurately match the experimental line shapes.
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Seasonal and decadal variations in stable carbon isotope ratios of low
molecular weight dicarboxylic acids and related compounds in the
remote marine aerosols from the western North Pacific

*Kimitaka Kawamura'
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Oxalic and other dicarboxylic acids comprise an important fraction of water-soluble organic aerosols in
various environments. To better understand long-term atmospheric changes in the western North Pacific,
we collected marine aerosol samples in 2001-2014 on weekly basis at a remote island, Chichijima (27°
04'E; 142°13'N), which is located in the boundary of westerly and easterly wind regimes. Here we present
seasonal and decadal trends in stable carbon isotopic compositions (d'3C) of diacids dicarboxylic acids
(C,-C,;), oxoacids (C,-C,) and a-dicarbonyls (C,-C,) in the Chichijima aerosols. These compounds were
determined using gas chromatography (GC) and GC/MS techniques after BF,/n-butanol derivatization
and using a GC/isotope ratio/MS technique.

Concentrations of total diacids fluctuated in a range of 10-600 ngm'3 with winter/spring maxima and
summer minima. The maximum concentrations in winter/spring can be explained by a combination of
enhanced emissions of polluted aerosols and their precursors in the Asian Continent and enhanced
atmospheric transport to the North Pacific due to the intensified westerly winds in winter/spring. The
concentrations of diacids seemed to increase from 2001 to 2008 and then decrease toward recent years,
as supported by major ion analyses. Recent decline of diacids concentrations may be associated with the
changes in the anthropogenic emissions due to the air quality improvement in Asian countries.

Stable carbon isotopic compositions determined for 2006 showed relatively high d"3C values of oxalic
acid (-22%o to -4%o). The isotopic ratios were found to increase from winter to summer. Significant
enrichment of '°C in oxalic acid in summer should be associated with photochemical aging of organic
aerosols in the marine atmosphere, caused by kinetic isotopic fractionation during the photo degradation
of oxalic acid. We will discuss the decadal changes in the stable carbon composition of oxalic acid in
relation to the atmospheric oxidation capability in the western North Pacific.

Keywords: Marine aerosols, Oxalic acid, Stable carbon isotope ratio, Seasonal and decadal trends
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Aggregated, iron-oxide nanoparticles as a major metal atmospheric
aerosol
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Iron-oxide particles possibly contribute to climate, if they absorb light; marine environment, if they
dissolve to water; and human health, if they have toxicity. However, little is known about the influences of
iron-oxide particles in atmosphere to these important issues. This study examines iron-oxide particles by
using transmission electron microscopy (TEM) and single-particle soot photometer (SP2) from samples
collected from Tokyo, Japan as well as those from other locations. TEM and SP2 use fundamentally
different detection techniques for the iron-oxide particles. TEM allows characterization of the
morphological, chemical, and structural features of individual particles, whereas SP2 optically measures
the number, size, and mixing states of iron-oxide particles. By using both techniques, we aim to
understand the occurrence, abundance, and chemical and physical properties of iron-oxide particles in
atmosphere.

In this presentation, we mainly focus on the results by using TEM. TEM revealed that there are substantial
amount of iron-oxide particles in aerosol samples with smaller than one micrometer, consistent to the
results from SP2. These iron-oxide particles are mostly aggregates of iron-oxide particles with less than
one hundred nanometer, similar to soot particles, suggesting that they are emitted from anthropogenic
sources. They mainly consist of iron oxide although manganese, chromium, nickel, and other elements are
occasionally detected. Electron-energy loss spectroscopy (EELS) analysis shows that these iron-oxide
particles are magnetite, which absorbs light and has potential toxicity. Our results suggest that iron-oxide
particles could be abundant in the aerosols having anthropogenic sources and may have an important
contributions to climate, marine environment, and human health.

F—U— K BBEEFEMIEE. SP2. ML, RN

Keywords: Transmission electron microscope, Single-particle soot photometer, Magnetite, Tokyo
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PAHs in PM, . at high altitude in southern China: Meteorology,
Emissions and Transport

*Minmin Yang', Yan Wang', Hongli Li®
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Center

PM, . samples were collected for polycyclic aromatic hydrocarbons (PAHs) analysis from March 18 to May
20in 2012 at Mount Lushan (1165m), where is located in southern China. The sampling site was located
between the boundary layer and troposphere, an ideal site for learning the influences of long-range
transport on PAHs distributions. The volume concentrations of the measured PAHs were 6.98 ng/m?
ranged from 1.47-25.17 ng/m3 during the sampling time. The PAHs level at Mount Lushan was at a
medium level comparing to other sites around the world. PAHs mass in PM,, . were 160.24 ug/g ranging
from 63.86 to 427.97 ug/g. The predominant compounds were BbF (benzo[b]fluoranthene), Pyr (pyrene)
and BP (benzo|g,h,i]perylene). In terms of aromatic-ring PAHs distributions, 6-ring and 4-ring were
predominant, accounting for 27.9% and 24.2% of the total. It is due to that high molecular weight (HMW)
PAHs have lower volatility and easier to attach in the particles comparing to low molecular weight (LMW)
PAHs.

Meteorological conditions including temperature and humidity could affect the PAHs distributions.
Temperature had a negative correlation with PAHs concentrations, i.e. when the temperature was higher,
the PAHs concentrations become lower. This is due to the volatility of PAHs. Humidity had no significant
relationship with PAHs concentrations. When the wind is strong, PAHs concentrations were lower. Strong
wind would accelerate air motion, therefore PAHs were not easy to attach to particulates. Foggy and rainy
weather occured during the sampling campaign. Selected samples before and after the special weather
were analyzed. The concentrations of LMW PAHs were much higher than the HMW PAHs before fog or
rain. For the PAHs concentrations, they are lower obviously after fog and rain. This suggested that foggy
and rainy day lower pollutant levels and played a role in cleaning air.

The backward trajectories simulated by HYSPLIT (the Hybrid Single Particle Lagrangian Intergrated
Trajectory) model were mainly originated from five directions. The air mass from northwest, northeast,
southwest, southeast and east accounted for 27.9%, 9.3%, 13.9%, 7.0% and 7.0%, respectively. Figure 1
suggested that Mount Lushan was mainly influenced by air mass from northwest during the sampling. The
total concentration of PAHs were highest (11.31 ng/m?, 6.65-17.60 ng/m>) under the influence of
northwestern air mass. The PAHs levels were similar when air mass from northeast (5.08 ng/ms) and
southwest (5.03 ng/m3). When sample were originated from the sea in the east, the PAHs concentrations
were at lowest level (3.97 ng/m?).In addition, when Mount Lushan was mainly affected by northwestern air
mass, most of the PAHs species were much higher except for AnT (anthracene) and Flu (fluorene). The
concentration of AnT was similar (low level) in every sample during the sampling time and Flu
concentration was the highest when affected by air mass from northeast. Thus, the air mass from
northwest carried large amounts of pollutants to Mount Lushan and the long-range transport influenced
the PAHSs distributions.

Another important factor that affected PAHs distributions was the emissions. Ratio analysis
AnT/(AnT+PhA), FluA/(FluA+Pyr), BaA/(BaA+Chr) and InP/(InP+BP) and PCA (principal components
analysis) were used to identify the emission sources of PAHs in PM, ... It is suggested that the main
emission sources were mainly from pyrolysis of petroleum fuel (vehicle exhaust) and biomass (coal)
combustion. Many factories and highways existing in the north and southwest of Mount Lushan can well
explain the main source of the PAHs. The PAHs distributions were mainly influenced by long-range
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transport and emission sources. Temperature, wind, fog and rain could also affect PAHs distributions in
PM2.5'

We gratefully acknowledge the National Natural Science Foundation of China (21177073) and Mount
Lushan Meteorological Station.

Keywords: PAHSs distributions, Transport, Meteorology, Mount Lushan
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Variability of Mixing State of Aerosols observed at a Surface Site in

Korea in the Spring of 2016

YIE B, AR BIE®. Lee KwangYul’, Cho Hee-Joo®, Park Kihong®, 171)Il #52°
*Yuya Ozawa', Tomotaka Oizumi?, KwangYul Lee®, Hee-Joo Cho?, Kihong Park®, Nobuyuki
Takegawa®
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1. Graduate School of Science, The University of Tokyo, 2. Graduate School of Science and Engineering, Tokyo
Metropolitan University, 3. School of Environmental Science and Engineering, Gwangju Institute of Science and
Technology

I7AVILIZERE - BENRICKYMMEROBEINEZICHER 52 (IPCC 2013), Iho5OMRIFTT7AOY
wwm?ﬁﬂv%u%%tﬁ<mﬁ?5 B ICHRERIE. THERIE. AMMN TSy I h—KRY (BC) £EDLD
WEARE (REBESR. ASBESR) IKH30PT7OVIDERE - BEVWREMETZ LETEELR/NS
X—&—tt;é(Bond and Bergstrom 2006, Adachi et al. 2010), LH» L. EXKHFTBCEEALTWAB1E
BHEKE) TIVIA LTEELEFRAIZIFEAERD >z, COREROEMIZ, 77 TRIETOBCEAIR
RBRIDIEFEHEREBESNMNIT B ETH S,

AFETIE. BEICEWVWT2016FE3B 1B S4B 7HOHRBICEARKBERN AT o7, BRTIEL —Y—FiEe
HE-BEEOHTETH(LI-MS, Miyakawa et al. 2014)A"B WS N7, LI-MSIE L —H —FiARSSHEr (L) &
BEDHET (MS) 249 VT LAICHAEDLELOWFETH S, LIETIF1024nmD L —HF —HiREZFE=H W2
ZElc&Y, BCERBICEOHRFAIMERNICERIN, ARRESIRESINS, ZORY Y TILESIE
MSERICERMICEA SN, T7AYVIOLEEERINEESI NS, LIL—F—DONEOFFAIWEZZ Z &
T. BCEZRFICEOH T (RERE) ESFRVHT (AEES) DEFEMKREDITTEET S ENTE
%,

BRAEBICS WTPM R FOE BN IFHEEIE. MR AMYThHo7, EEREDTHTIIHEBIED
HHLTEY., REEADEE TIRIMBRENMBOYMBICERTEN o7, T, HERIECREBRIEDOHER - W
BEDOLHEICEVWTIEERREULORBHAZEZIRSh AN >k, ERTIMEEEROIFELE E Z0DE
RICOVWTHMAERR S,

SE Xk
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Spatial distributions and radiative effects of black carbon with MRI
Earth System Model
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AKRHFDEZL DI T7OVILVEA D KGHH ZBMEL T 2HEDOAHEFODICR L. 77 v 7 H—HRVIEKEH
HANERMICIRINL, AKEMBRTZ, CDEHTSYIA—RUDNTUES AT LICREZTRENIFERICEE
THDEREBINTWVWD, LHOLALS, REDKIEETNICEE TS Y I H—HR Y DOEBOHEPHEDNRD
HEICIK, REXRZSRFEEEIEENTWS,

[IRMEATIE. [IEARAMAMIKS AT LAETFTILMRI-FESMTICHEZ K DRRAEHRT H 2 & T, F6HES
EFIVHEETECMIPGICEIT /2 L WA= 3 VD ETFILMRI-ESM25BF L 7=, TDH T, KFERTIE,
KOKBEETIHINECHERERRT 201, 757y I h—RVICBETERRBICOVTIE, KEL3D2DH
BEEBLE, F—IC. 7539y h—RUDPBKEN SEAKUANETBRINZEHIBRE (aging) ICDWT
&, RERE—EEOBEH (1.2H) #ZHVARIRTHIDICH L. AR TIEIPEBLEERRICE D TH®E
BEARBIDZNRNIAINE—Va Vv EBATEIET, KRBREBEICHU-EBREEARIBETEDLLIICL
oo BZIC, T7OYVIOEBEEEBRRRICOWVWTIE, REEFI7OVILOBERRIC KL 28hEHE & FEKICK
ZBREBEREMIIL TR DICH L. AARTIFEERR A XSV E—2avicsWT, T70YVILAREK
BREEZRLOSSHMEREIND L OIS, SHEMEEREBELESWICIKOIKRRICLE, F=IZ, =7V
DOHIHBRRICDOWVWTIE, REIFTSv I/ hA—RY eI 7OVILERDOREEEEZERBLBVDICK L, A5
BWCIRBAKETSY I H—RVICDWTIRERETI 7OVILEDHREREESERET DI E T, REBEICLBHRK
INDBRIMRE (LY XHR) #H/H> LI IC LT,

MRI-ESM2% FHW T, 2008-2015FDHARICDOWT, EtEAEZEREL . AFERTIE, KEFKEIFHT10
km (TL159) . $AEFREKEILS80E (LiK0.01hPa) & LT, BEMAIRIBEBEKEEASZ 2BRHE.
107 CBEETIERBELAFERIERLAW)

ETIEERKR b E - fRZEMEER E DB AIT o 72, BB O EICEVWTIK, EROZEEBEEZA W
FETIE. BRASNAT Sy I h—RVBEEABANIEL., EHELCEBRIZIENTERN >ZDICH
L. MRI-ESM2TlE, 72 v 7 h—RVREDEHELOBRMEIELELE, £, EOEELEEEEH
WAETETIE, L5 - hEmiBh T o v I h—RVBEZBREMLZDICH L. MRI-ESM2TIE. &E
PHEOBRMEIAALLE, ThODETIRERBREBEAEDLELERNS, BETOT S v IH—KRYD
FHETERDZ LETIE. TEBEIPEETHDIDICHT L, LB - AT RBEHRDO TSy 7 h—KRVBE%ER
H3LETIF. BERRICES T 7O0VILOEELEARIEELREREEZRALT I ENTBINT,

ARLIRICE T BEHRFEEDT Y 7 A—R VY OEZERFRE D EHELLE T A, RARTIE. K0.2W
miEHESNE, £ REOFHEEFAVEETVSERREDQLEEA DS, TS5y I h—Ry OBEER®
FAE. AEERICHEI L Y IMRICEVIA0%IBERL. ZEBEOHRRICL Y HN20%IEKRT 2 EHNREBE
nr=,
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Frost flowers and sea-salt aerosols over seasonal sea-ice areas in
north-western Greenland
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Sea-salts and halogens in aerosols, frost flowers and brine play an important role in atmospheric
chemistry in polar regions. Sea-salt fractionation proceeds on new and young sea ice. For that reason,
sea-salt ratios in sea-salt particles (or aerosols) released from sea-ice areas differ from those of bulk
seawater ratio, because of sea-salt fractionation on frost flower and in brine. Sea-salt fractionation can
engender modification of aerosol hygroscopicity, which is closely related to phase transformation,
heterogeneous reactions, and abilities of cloud condensation nuclei and ice nuclei. To elucidate the
atmospheric impact of fractionated sea-salt particles, and their relation between sea-salt particles in the
atmosphere and frost flowers on sea ice, one must ascertain their (1) chemical properties (e.g.,
concentrations, ratios, and pH) of frost flowers and brine, and (2) the physical and chemical properties of
aerosols (e.g., size distribution, constituents, and mixing states) above seasonal sea ice with frost flowers.
In spite of the importance, simultaneous observations and measurements of aerosols and frost flowers
over seasonal ice areas with frost flower appearance have not been reported for polar regions.
Simultaneous sampling and observations of frost flowers, brine, and aerosol particles were conducted on
several types (fresh - aged) of sea-ice and frost flowers around Siorapaluk in north-western Greenland
during December 2013 —-March 2014. Sea-salt constituents in frost flowers were determined with ion
chromatograph (IC). Br- and iodine (I" + 10,") were analyzed with IC-MS and ICP-MS, respectively.
Individual aerosol particles were observed and analyzed using SEM-EDX.

Results show that water-soluble frost flower and brine constituents were sea salt constituents (e.g., Na*, Cl
, Mg2+, and Br’). Concentration factors of sea-salt constituents of frost flowers and brine relative to
seawater were 1.14-3.67. Sea-salt enrichments of Mg?*, K, Ca®*, and halogens (CI', Br, and I) in frost
flowers were associated with sea-salt fractionation by precipitation of mirabilite (Na,SO, 10H,0),
hydrohalite (NaCl 2H,0), and sylvite (KCI). Comparison between sea-salt ratios in brine and frost flower
implied that precipitation of mirabilite and hydrohalite proceed in slush layer and then the residual brine
were migrated vertically onto frost flowers in our research conditions. Molar ratios of sea-salts (Mg2+/CI', K
*/CI', Ca®*/ClI’, and Br/CI") changed gradually with aging and growth of frost flowers and sea-salt
fractionation under colder conditions. Furthermore, sea-salt fractionation was associated with not only
surface air temperature but also sea-ice thickness which related to heat conduction from seawater. In
contrast to Br- enrichment in frost flower with the aging, changes of I/CI  ratio in frost flowers, however,
were not clear. lodine release from frost flowers might be more likely to proceed relative to Br release.
Aerosol number concentrations, particularly in coarse mode, were increased considerably by release from
the sea-ice surface under strong wind conditions. Sulphate depletion by sea-salt fractionation was found
to be slight in sea-salt aerosols because of heterogeneous 8042' formation on sea-salt particles. Mg was
enriched in coarse and fine sea-salt particles collected on sea-ice area. Mg in sea-salt particles was in the
form of MgCl, and MgSO,. Strong Mg enrichment might be more likely to proceed in fine sea-salt
particles. Mg enrichment in sea-salt particles was enhanced under colder conditions. In addition,
ikaite-like and mirabilite-like particles identified in the atmosphere only near new sea ice are close to the
sea-ice margin. Thus, lkaite-like and mirabilite particles might be released from initial sea-ice before
freezing over, and Mg-rich sea-salt particles might be released from sea-ice surface with frost flowers.
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Estimation of sulfate aerosol sources during an intensive field
campaign in October-November, 2015 at Cape Hedo, Okinawa
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Air quality in Asia is a major regional-to-global environmental problem, and under such circumstances,
several collaborative international experiments have been conducted over the western Pacific region. To
investigate the transformation of aerosols during long-range transport (LRT) is necessary for promoting
our understanding of regional air pollution and climate change. An intensive observation campaign at
Cape Hedo, Okinawa, Japan (CHAAMS) was conducted from late October to early November 2015. The
location of CHAAMS is suitable for capturing the atmospheric pollutants via LRT. During this period,
sulfate (8042') was the dominant aerosol component, and the air quality model can capture the observed
meteorological conditions and 5042' variation. By using the air quality model with the tagged tracer
method, the sources of high 8042' concentration were estimated. On October 27, when the westerly wind
was dominant, the main source was anthropogenic SO, emissions in China. On November 1, when the
northerly wind prevailed, the impact of volcanoes in western Japan was significant and the conversion
ratio from SO, to 8042' was lowest, at less than 70%, due to the faster transport. During the latter part of
the campaign, the northerly to easterly winds were prominent, and the impacts of Korea, Japan, and ship
to SO42' observed at CHAAMS were also obvious. On November 4, when the contributions from Korea,
Japan, and ship were the highest, the conversion ratio was also the highest, at greater than 95% due to
long-range transport. The modeled sources of volcanoes and ship emissions corresponded well with the
observed coarse-mode SO42' and V/Mn ratio, respectively. It was demonstrated that the mutual evaluation
of sources from model and observations enable to estimate 5042' sources with higher confidence.

F—7— N BRE RERTS5. KKREET . REHRX
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Modeling the Long-Range Transport of Particulate Matters During
Winter in East Asia using NAQPMS and CMAQ

*Zhe WANG'

1. Kyushu University

Two regional chemical transport models (NAQPMS and CMAQ) were used to simulate several episodes of
high PM, . concentration observed in January 2015 over China and Japan. Simulation results from both
models reasonably explained observed PM, . levels, as well as the variation observed within three sites in
both China and Japan. Some bias existed between these models due to differences in frameworks,
including model domains, horizontal resolution, vertical layers, and emissions.

Based on the model results and the synergetic aerosol observations in Fukuoka, Japan, three types of LRT
of air pollutants were observed. The first episode showed increased fNO,” concentrations relative to fSO42'
(type N), indicating the importance of NO; LRT in winter. The second episode showed fSO42’
concentrations, which were ~3.4-fold greater than fNO; (type S). The third episode showed high dust
concentrations mixed with anthropogenic pollutants (type D), indicating that the LRT of dust was also
important in winter, as well as spring.

Both models reasonably explained variations in aerosol components during episodes N and S. Simulated
spatial distribution variations indicated the outflow of fSIA from continental Asia to western Japan,
consistent with the corresponding PM,, . peak at Qingdao and over Japan. During episode S, RH was
significantly higher than episode N, therefore, SO42' formed quickly due to aqueous-phase reactions
under high RH conditions.

During episode D, mineral dust transported from continental Asia was quickly transported to downwind
regions, stagnating over the south of Japan for three days (See Figure). Measurements showed high cNO,’
concentrations and high cNO,/fNO; ratio during episode D. These findings were well reproduced by the
NAQPMS model after considering heterogeneous reactions on dust particles, which indicates the
importance of heterogeneous processes for the LRT of dust and anthropogenic pollutants over East Asia.
During this period, both models underestimated fSO42' levels, indicating that current models may miss
certain emissions of SO, and mechanisms promoting the conversion of SO, to SO,

Keywords: Secondary inorganic aerosol, Dust, Air quality model, Long-Range Transport, East Asia
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Joint retrieval of aerosol optical depth and surface reflectance over
land using geostationary satellite data

*Yong Xue'?, She L'*, Mei L3, GuangJ® CheY", FanC' XieY"
*Xue Yong1'2, L She'* L Mei®, J Guang3, Y Che'* C Fan'* Y Xie'*

1. RADI Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences. 2. Department of Electronics,
Computing and Mathematics, College of Engineering and Technology, University of Derby, 3. Key Laboratory of
Digital Earth Science, Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences. 4. University of
Chinese Academy of Sciences

1. RADI Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, 2. Department of Electronics,
Computing and Mathematics, College of Engineering and Technology, University of Derby, 3. Key Laboratory of Digital
Earth Science, Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, 4. University of Chinese
Academy of Sciences

The Advanced Himawari Imager (AHI) aboard Himawari-8 geostationary satellite provides high-frequent
observations with big coverage, multiple spectral channels, and high spatial and spectral resolution. With
these characteristics, the AHI data have significant advantages to monitor the air quality and estimate the
aerosol properties. In this study, AHI data were used to develop an algorithm for the joint retrieval of
aerosol optical depth (AOD) over land and land surface bidirectional reflectance. Instead of constructing a
Look-Up-Table (LUT) and pre-estimating the surface reflectance to retrieve the AOD, the atmosphere
properties and surface bidirectional reflectance were retrieved simultaneously using an optimal estimate
method. The algorithm uses an Earth-atmosphere model, which couples the atmospheric radiative
transfer model and surface bidirectional reflectance factor (BRF) model. Utilizing the character that the
surface reflectance properties are much more stable than atmosphere aerosol, our retrieval is based on
the two basic assumptions: the surface bidirectional reflective properties is invariant during a short time
window while aerosol properties (e.g. AOD, AE) change. Optimal estimate method is employed to
calculate the AOD and surface BRF. Detailed analysis and validation about the retrieval results were
conducted using ground-based measurements (AErosol RObotic NETwork (AERONET) sites) and satellite
product (MODIS C6 aerosol product). The validation of the AOD with AERONET measurements shows a
high correlation coefficient: R2=0.81, RMSE=0.13, and about 80% AOD retrieval results within the
Expected error (EE) of (0.20*AODAERONET £0.05). The retrieved AOD were also compared with MODIS
Collection 6 AODs and it shows high consistency. All comparison and validation demonstrated that the
algorithm has the ability to estimate hourly aerosol optical depth with high accuracy over land.
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Long-term trend of springtime tropospheric ozone at Mt. Happo,
Japan, 1998-2016
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SRE AV Vi, HEKEE(E. SRBBEESLUVARREEL2EZAS LT, REEELAMEKIADVEDOTH
%, BEHTEOE. R7ITHOLORIERMEOHHIFRBIIEML TS Y., FICHFEIZZOHRTEHERAKR
OHHETHZEEZLNTWVWD, REDHEICL Z2WHRBZBIELERN S LEET — 9 DEFTICEDCHKE
DOHETIE. FEISOERBEMOHHENTILEFY LTWBAREENTRINTWS, £, FIBYED
HHEL T TR, [UROEEEWRB AV Y ORELEEROIEELERO—DOTHY . BENMSTFR
BEOSIERINASEEICHEEEZ, BRENODORAEZEZLEIEZ LV BERIBESINTVS, AHEK
Tld, 1998FEMN 52016 FEDEFGEAT—9 15, REEABNONFRBRTOESEHABA Y Y ORBPEH
ICDWTIRR B,

NERRICBIFZESAY VIEEIX, 1998FEN 52007FICHIF TRBICEMLE T, ThIFEFXREIC
S HERENSDA Y VEIBRGEHEHEDOEMICE2EDEEZIONDE, Z0%. NFERRICBIIZA YV VERE
BREIZVDERAI FHEWTE Y, 2008F E2012FICIEZEARE CEAP LTV, BIHERUVRRT — 9 DEM
Mo, ZOZEDOKREZRAVVRERDIE. ThETNERZBERICL>-TELEEZEZ SN, —DBHDER
iE. [IRGOEHCLZ2HFERRBIArSDEFSDRPTHZ, BAODROATEFLOTERENKI L. F
Ny NSREEZOK[IIEREMIBEML RIS, AAZORANSERESZ I E T, FETPREB,NSDFEERIEANARE
BAEEINPLTCARY, BRSNS AVVEEER A>TV ENHRINE, $I—DDERIE. &
EERZEIMSDA Y VEIREHFHEDRD TH D Z ENRBI N,

F—T—R:iAVY
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Sources and effects of atmospheric nitrous acid in the marine
boundary layer

*Likun Xue', Qiaozhi Zha? Liang Wen', Tao Wang?, Wenxing Wang'
1. Shandong University, 2. The Hong Kong Polytechnic University

Nitrous acid (HONO) is an important reservoir of hydroxyl (OH) radicals in the atmospheric boundary
layer. However, its sources are still not well understood. As few HONO observations have been performed
in marine areas, we conducted measurements at two coastal sites, Tuoji Island in North China and Hong
Kong, to investigate the sources and effects of HONO in the marine boundary layer. Compared with urban
sites, HONO concentrations were low in marine sites. However, they were still significantly larger than that
could be explained by the mechanisms in photostationary state (PSS). Through case study, results have
indicated an interesting phenomenon that HONO may be produced faster on sea surface than on land
surface. And further studies should be carried out to confirm this finding. In addition, HONO plays an
influential role in atmospheric oxidative capacity and air quality in coastal regions.

Keywords: Nitrous acid (HONO), Sources, Effects, Marine boundary layer
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Assessment of Sensitivity of Tropospheric Ozone Production to NO_
and VOCs Emissions Using WRF/Chem Model for Megacity Delhi

*Medhavi Gupta', Manju Mohan'

1. Centre for Atmospheric Sciences, Indian Institute of Technology Delhi, Hauz Khas, New Delhi, India

An increase in ozone build up in the recent years has been witnessed in Delhi, the capital city of India
which is a cause of alarm due to the detrimental effects of ozone on public health. Regular monitoring of
ozone concentrations revealed that an increase of 6 g m™ from 2009 (35.3 g m™>) to 2012 (41.5 wgm
%) was recorded (Gupta and Mohan, 2015) in Delhi and in summer 2015, exceedance of O, levels ranged
from 92% - 97%. Tropospheric ozone is produced by a cycle of reactions involving two basic pollutants
NOx and VOCs. Chemical regional transport models such as WRF/Chem are used extensively for modeling
of ozone concentration. As ozone production has distinctive daytime and nighttime chemistry, Gupta and
Mohan (2015) recommended that for Delhi model implementation shall be made for policy decisions
cautiously with due consideration to the magnitudes of ozone levels. In order to implement control
strategies it is conducive to understand whether the study area is NOx or VOC limited. This study focuses
on the WRF/Chem model to simulate ozone concentration for megacity Delhi during summer conditions
for three consecutive years. To understand the role of VOC and NOx in ozone formation model simulated
VOC to model simulated NOx ratios were studied through scatter plots. Ozone production is considered
to be VOC limited at low VOC to NOx ratio i.e. less than about 4 to 1 and for high ratio greater than about
15 to 1 the region is classified as NOx limited. There are various sources that contribute to VOC emissions
such as vehicular pollution, refueling stations, industrial hubs, diesel generator sets etc. In Delhi overall
about 26 to 54% of VOCs are due to the emissions from diesel internal combustion engine (Srivastava et
al., 2005). Srivastava et al. (2005) reported source contribution to total VOC for a traffic junction in Delhi
as 43% from diesel exhaust, 24% from gasoline, 19% from evaporative and 14% from other sources. As
the ozone production is VOC limited for megacity Delhi, WRF/Chem model can be further used to apply
control strategies. The response of reduction in VOC emissions from transport sector on ozone
production can be modeled in order to formulate effective mitigation measures involving both VOC and
ozone reduction.

References:

Gupta, M., Mohan, M., 2015. Validation of WRF/Chem model and sensitivity of chemical mechanisms to
ozone simulation over megacity Delhi. Atmospheric Environment 122, 220-229.

Srivastava, A., Sengupta, B., Dutta, S.A., 2005. Source apportionment of ambient VOCs in Delhi City.
Science of the Total Environment 343, 207-220.
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Seasonal and interannual variations in the atmospheric Ar/N, ratio
observed at five ground based stations in Japan
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*Shigeyuki Ishidoya', Yasunori Tohjima? Kazuhiro Tsuboi®, Shohei Murayama', Yosuke Niwa®,
Hidekazu Matsueda®

1. EERMKESHERN. 2. BLREMFAM. 3. [IRARMN
1. National Institute of Advanced Industrial Science and Technology (AIST), 2. National Institute for Environmental
Studies, 3. Meteorological Research Institute

Atmospheric Ar/N2 ratio is a unique tracer to detect the spaciotemporally-integrated air-sea flux or ocean
heat content (OHC), since the variations in surface Ar/N2 ratio are driven by air-sea Ar and N2 fluxes
principally due to changes in solubility in seawater. The relative temperature dependence of the solubility
of Ar is larger than that of N2, so that the atmospheric Ar/N2 ratio increases with increasing ocean
temperature. We have started systematic measurements of the Ar/N2 ratio by using a mass spectrometer
(Ishidoya and Murayama, 2014) at Tsukuba (36°N, 140°E) and Hateruma Island (24°N, 124°E), Japan since
2012 and at Cape Ochi-ishi (43°N, 146°E), Takayama (36°N, 137°E) and Minamitorishima Island (24°N,
154°E), Japan since 2013. Not only clear seasonal Ar/N2 cycles with summertime maxima were found at
all stations, but also clear interannual variations were seen from the 5-years data at Tsukuba and
Hateruma; gradually increased from 2012 to the begenning of 2015 and did not show a significant
increase/decrease since then. The seasonal amplitudes and appearances of maxima and minima of the
Ar/N2 cycles were larger and earlier, respectively, at coastal stations at Hateruma, Ochi-ishi and
Minamitorishima than those at inland sites at Tsukuba and Takayama. The peak-to-peak seasonal
amplitudes were in the range of 15-45 per meg, which were comparable to or larger than those reported
by past studies (Keeling et al., 2004; Cassar et al., 2008). The interannual variations of Ar/N2 ratio at
Tsukuba and Hateruma were generally in phase with those in the global OHC reported by NOAA/NODC
(updated from Levitus et al., 2012), which suggests our observational results reflect wide-area averaged
information of ocean temperature.

Acknowledgements

We thank staff of Global Environmental Forum (GEF) and Japan Meteorological Agency (JMA) for their
work to collect the air samples at Hateruma and Ochi-ishi stations (GEF) and Minamitorishima station
(UMA).

References

Cassar, N. et al. (2008) An improved comparison of atmospheric Ar/N2 time series and paired
ocean-atmosphere model predictions. J. Geophys. Res., 113, D21122. DOI: 10.1029/2008 JD0O09817.
Ishidoya, S. & Murayama, S. (2014) Development of high precision continuous measuring system of the
atmospheric 02/N2 and Ar/N2 ratios and its application to the observation in Tsukuba, Japan. Tellus B,
66, 22574, http://dx.doi.org/ 10.3402/tellusb.v66.22574.

Keeling, R. F. et al. (2004) Measurement of changes in atmospheric Ar/N2 ratio using a rapid-switching,
single-capillary mass spectrometer system, Tellus B, 56, 322-338.

Levitus, S., J. I. Antonov, T. P. Boyer, O. K. Baranova, H. E. Garcia, R. A. Locarnini, A. V. Mishonov, J. R.

©2017. Japan Geoscience Union. All Right Reserved. - AAS11-25 -



AAS11-25 JpGU-AGU Joint Meeting 2017

Reagan, D. Seidoyv, E. S. Yarosh and M. M. Zweng, World ocean heat content and thermosteric sea level
change (0-2000 m), 1955-2010, Geophys. Res. Lett., 39, doi:10.1029/2012GL051106, 2012.

F—T— K KKHPAr/N2LE, BFirRE. THEH. F4XH

Keywords: atmospheric Ar/N2 ratio, ocean heat content, seasonal variation, interannual variation

©2017. Japan Geoscience Union. All Right Reserved. - AAS11-25 -



AAS11-26 JpGU-AGU Joint Meeting 2017

B3 - “EIERFRELICK 2 RKCO,RELEEM D DERRHEEEDRF
Estimation of CO,, contributions from fossil fuel consumption based on
the atmospheric O, and CO, continuous measurements
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Atmospheric carbon dioxide (CO,) concentrations observed in urban areas and the surroundings often
show short-term elevations on a time scale ranging from several hours to a few days. These variations are
considered to be attributed to the CO, emissions from biotic activities and burning of fossil fuels.
Partitioning the contribution rate between the individual CO, sources would be useful to reduce the
uncertainty of the CO, emissions estimated from atmospheric inversion calculations. The ratio of oxygen
(0,) consumption to CO, emission for fossil fuel burning (-0,/CO,) ranges from 1 to 2, depending on the
elemental composition of the fossil fuel. The average —0,/CO, exchange ratio for the fossil fuel consumed
in Japan is more than 1.4 while that for land biotic process is 1.1. Therefore, the difference in the
exchange ratios could allow us to determine the contributions from the individual sources. In this study,
we started a continuous observation of the atmospheric CO, and O, concentration at Tsukuba in February
2015, and evaluated the individual contributions of the biotic and fossil fuel-derived emissions to the
short-term CO, variations based on the observed —AO,/ACO, changing ratios. The observed —AO,/A
CO, changing ratios show clear seasonal variation with minimum in summer and maximum in winter,
ranging from 1.0 to 1.6. Taking into account of the average —0,/CO, exchange ratio of 1.58 for the fossil
fuel consumption in Tsukuba, we obtained the contribution ratios of fossil fuel burning to the CO,
variations were more than 70% in winter and 0-30% in summer. To validate the above estimations based
on the —0,/CO, exchange ratio, we conducted flask samplings of air 6 times at the different months
during the observation period and measure 14COZ, which is known as good indicator of the burning of
fossil fuels. Note that 5 flask samples were usually collected for each sampling at an interval of 3 hours to
detect the diurnal variations. The contribution rates of the fossil fuel CO, estimated from —0,/CO, ratios
and 14CO2 agree each other within the uncertainties.
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Heterogeneous reactions of gaseous ozone with aqueous
sesquiterpenes: The roles of Criegee intermediates
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1. National Institute for Environmental Studies, Japan, 2. Caltech

We report the detection of intermediates/products generated on fresh surfaces of alpha-humulene and
beta-caryophyllene solutions in water/acetonitrile mixtures exposed to gaseous ozone for ~ 10
microsecond. We focus on the identification of intermediates/products and their mechanisms of
formation via negative ion online electrospray mass spectrometry complemented with the use of (1) H/D
and '°0/"®0 isotopes, (2) a OH-radical scavenger, (3) variable O, number densities, and (4) n-alkyl
carboxylic acid additions. We will discuss how our results provide direct evidence on the distinct reactivity
of Criegee intermediates at air/aqueous interfaces.

F——R:xz7OYI, TILRY, VOC, AV, KA. RE
Keywords: Criegee, Terpenes, BVOC, ozone, surface, interface
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Inhaled ozone reactions with endogenous antioxidants and surfactants
on the surface of lung lining liquid films
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Japan

We report the detection, via online electrospray ionization mass spectrometry, of the
intermediates/products generated on the surface of surfactant protein B aqueous solutions exposed to
gaseous ozone for 10 microseconds in the presence/absence of ascorbic acid/ascorbate as antioxidant.
These experiments simulate how inhaled ozone reacts with typical components of the air-aqueous
interface of human respiratory tract lining fluids. We found dramatic changes in the species detected at
pathological acidic pH "4 vs normal physiological pH 7 conditions. We will provide clues on the identity of
the species generated in each case and on ther mechanisms of formation. We will discuss the implications
of our findings on the adverse health effects induced in healthy and diseased subjects.

Keywords: Inhaled ozone, Surfactant protein B, Health effects of air pollution on healthy and diseased
subjects
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Surface melting on ice surfaces visualized by advanced optical
microscopy
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Evaluation of ice nucleating activity of mineral aerosols: importance of
mineralogy and aging process
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