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Constraints on CO2 fux emissions: reconstructions of in-situ measurements from La
grangian stochastic inversion
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In order to use high resolution in-situ measurements to constrain

regional emissions of carbon dioxide ($¥matf®O_2}$) we use a Lagrangian methodology
based on diffusive backward trajectory tracer reconstructions. We use

aircraft, ground and tower sites for $¥matiBi0_2}$ data, collected during the
CONTRAIL campaign, from the MRI/JMA Tsukuba tall tower, nearby the $¥mdiGhi 2}$
emission hot spot of the Tokyo Bay area and from the World Data Centre

for Greenhouse Gases (WDCGG). Advective transport based on ECMWF analyzed
meteorological winds and the WRF mesoscale model is characterized by

the sensitivity/transition probability (Green?Aos function) allowing

direct comparison with observations via the reconstruction of the volume

mixing ratio of $¥mathbf CO_2}$. Sensitivity to simplified boundary layer
representations, turbulent mixing representations and meteorological

fields was studied and applied to the assessment of publicly available inventory
data. Longer time series in remote sites (e.g. the Yonagunijima

island) are used to constrain the influence of far field/continental East Asia
emissions. Estimated fluxes for the Tokyo Bay Area for the analyzed

period in 2007 range between

$4.8 ¥times 107$ to $3.45 ¥times 10"$ KOz hemico 2} M2 s1$

with significant time variations. We assess the uncertainties in terms of

errors associated with the transport and mixing processes in the

vicinity of the emission sources.
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Development of the precise measurement of carbon dioxide in the atmosphere with opti

cal spectrum analyzer
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Observation of isotopic compositions of g@nd HO in an urban region
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Sensitivity of short timescale variability of CO2 over Narita Airport to the magnitude of

regional surface fluxes
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The synoptic scale variability of C{over the Narita International Airport (lat 3318, 140.2E, 43m a.s.l.) was investigated
using measurements obtained from frequent observation by commercial aircraft combined with analyses of results from a tran:
port model simulation for the year 2007. The standard deviation (SD) from fitted curves was considered as the metric of synopti
scale variability of CQ mixing ratio. Tagged simulation was conducted to evaluate the relative contributions of regional fluxes
to the synoptic scale variability over Narita. Tags were put on anthropogenic (FF) and terrestrial biosphere(TB) fluxes from 6
regions (Japan, East Asia, East Russia, Southeast Asia, India, and Himalaya). The result indicated that the major contributic
was made by the fluxes in East Asia (mainly China) in the free troposphere (FT) and by those in Japan in the planetary bounda
layer (PBL), respectively.

A sensitivity analysis was performed to evaluate the relative influence of transport and flux variations on, t8® ©@er
Narita for 2007. When the FF fluxes from East Asia and those from Japan were doubled, changes in annual mean SD over Nari
with height was; 41% and 3% at 9km, 61% and 4% at 5km, 19% and 83% at 0.5km, respectively. This result indicated that
SD over Narita was sensitive to transport (synoptic scale meteorological variability) from upwind in FT, but depends largely
dependent on the magnitude of local fluxes in the PBL.

Among 12 tagged fluxes, those that made more than 20% difference in monthlgB@hen flux magnitude was doubled
were FF fluxes from Japan and East Asia, and TB fluxes from East Asia and East Russia. Throughout the, y@arirCtte
PBL and the FT were most sensitive to the FF flux from Japan and East Asia, respectively. In summer, the contribution of the
TB flux from East Asia and East Russia to £6D was increased in the FT, when strong CO2 uptake makes large negative flux.
The TB flux from East Russia affected the most at 2-4km altitude in July, and those from East Asia affected at 8-10km altitude in
September. This delay corresponded to the seasonality of the sink magnitude within each tracer region. Meteorological analys
and forward/backward trajectories indicated that low,Gmass affected by TB fluxes in East Russia drifted to the northeast
and occasionally transported to Narita by northeasterly behind the cold front whereas those affected by TB fluxes in East Asi
were often directly convected to the UT by tropical depression etc., and transported to Narita via UT much more rapidly. These
transport mechanisms explained the different altitude ranges that were sensitive to the TB fluxes from East Russia and East As
in summer 2007.
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Sensitivity experiment of vertical diffusional parameter and CO2 surface flux on CO2

transport model MJ98-CDTM
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Aircraft and tower measurements of carbon dioxide in the PBL and FT over taiga in West

Siberia (2002-2010)
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Figure. Vertical profiles of CQ concentration (ppm) observed over the tower.

1. Introduction

To understand the difference in GBehavior between planetary boundary layer (PBL) and free troposphere (FT) over Siberian
taiga, we have conducted G@easurements using a small aircraft and a tower at the taiga in West Siberia since 2002. Continu-
ous CQ time series at 4 levels (5, 20, 40, and 80 m) were monitored with the tower. Up to 3 km vertiggir@ides above the
tower in the fine day were frequently obtained with the aircraft.

2. Method

Carbon dioxide concentrations were measured continuously at the tower located in Berezorechka vilG@je, $820E).
Sampled air from 4 levels was dehumidified and then introduced into a NDIR (LI-820, LI-COR; LI-7000 was used until Septem-
ber 2008). Measurement precision is +-0.3 ppm. The more detail information of the system was descBhessakiawva et al.
[2010a]. Small CQ measurement device based on a NDIR (LI-800, LI-COR) equipped with flow and pressure regulation system
was developed and installed in the small aircraft (Antonov An-2). Two standard gases are introduced into the NDIR every 5
minutes. Overall measurement precision is estimated to be +-0.3 ppm when we use 2 seconds averaged data. An-2 ascended
km (winter) or 3 km (summer) above the tower and then descended to 0.15 km to obtain the vertical profijecohCéhtration.

The routine aircraft measurement had been conducted basically in the afternoon with the frequency of 2-4 times per month unt
2007 March despite low frequency after then.
3. Results and discussions

Figure shows the vertical profiles of G@oncentration observed by routine flights (261 times) from 2002 to 2010. Carbon
dioxide concentrations showed slightly higher in the lower altitude during the dormant season. On the other handc€@ra-
tion during summer gradually decreased with decrease in the altitude during summer, which implies the effect of photosynthesi
by vegetation of the taiga during the growing season. The same tendency was observed in the previoMaybats ¢t al.,

2005]. Unfortunately there was no simultaneous tower data in 2010 due to equipment malfunctions.

To compare the temporal GOrariation between in the PBL and FT, we defined the PBL height using vertical profiles of
temperature, potential temperature, and specific humidity. We found that seasonal variation of PBL height with maximum during
summer (-over 3 km). Annual mean G@h the PBL was always higher (approx. 2 ppm) than that in the lower FT, which is
mainly due to rectifier effect. The annual means also showed an increase of 11.6 ppm (PBL) and 11.2 ppm (FT) from 2003 t
2009. We will also present diurnal variation of G@ertical profiles up to 3 km observed in the summer of 2002-2004.

Generally daily minimum at the tower was observed in the afternoon when active vertical mixing ocSasa#&4gwa et al.,
2010b]. Thus, we calculated daytime mean with averaging the data observed in 13:00-17:00 LST to compare with the data fror
An-2 observation. Daytime mean concentrations observed in the tower (40 and 80 m) agreed well with those in the PBL observe
with An-2, which suggests that daytime tower data can be the representative values in the PBL.
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Comparison of 2 versions of a global atmospheric transport model (NIES99 TM and

NIES08 TM) using APO observations
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We show comparisons of two versions of an atmospheric global transport model, NIES99 and NIES08, and observations usin
Atmospheric Potential Oxygen (APO =@ 1.1 CG,). APO is defined so that it is invariable with the terrestrial biotic exchanges
and it is not as sensitive to fossil fuel burning activities as, @00, is. Thus, the main variation is caused by air-sea exchanges
of O,. Therefore, APO has a unique flux distribution and is able to provide a good test to the transport models from different
perspectives.

National Institute for Environmental Studies (NIES) has been making observations,ad€i33, on cargo ships which have
been repeating round-trip cruises between Japan and Canada/the United States and between Japan and Australia/New Zeal
since December 2001. With this valuable data set, we compare the observations and model results including annual mean dist
butions and seasonal amplitudes.

For the NIES99 TM and NIES08 TM, the same flux set was used to make transport difference clearly. We used oceanic fluxe
of Oy, Ny and CQ , and fossil fuel burning anthropogenic fluxes of £&hd G. As for the oceanic @and N, fluxes, climato-
logical monthly anomalies of Garcia and Keeling [2001] and annual mean oceaaitd, fluxes from the annual-mean ocean
inversion studies of Gruber et al. [2001] and Gloor et al. [2001], respectively, are used. As for the oceafliix€)we use two
sets of monthly sea surface ¢®ux climatology of Takahashi et al. [2002] and Takahashi et al. [2009]. For the anthropogenic
CO;, flux, global fossil fuel CQ emission with spatial resolution of 1 deg. x 1 deg. for the year 2006 from CDIAC database is
repeatedly used every year in this simulation. Thec®nhsumptions associated with the fossil fuel burning is calculated from the
fossil fuel CG fluxes and the -@C exchange ratios for the burnings.

In general, NIES99 TM reproduces the seasonal amplitudes, the annual mean values and rectifier effect at northern Nort
Pacific better than NIES08 TM does. NIES08 TM represents APO in the Southern Hemisphere more smoothly because of mor
balanced tracer transport due to strong mass conservation. We will show the comparisons more in details in this presentation.

goooo:0b0,00,0000,00000
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Source signals in N20 and CH4 variability in the upper troposphere over the western Pa

cific derived by model simulations
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Multiple greenhouse gases simulations with tagged-tracers are performed to mainly understand surface-source influences
latitudinal-temporal variabilities of nitrous oxide (N20) and methane (CH4) in the upper troposphere (UT) over the western
Pacific observed by the Automatic air Sampling Equipment (ASE) included in the CONTRAIL project. We use greenhouse gase:
concentration data, which have been obtained almost fortnightly in the altitude range of 9-11 km between Sydney or Brisbane
Australia and Tokyo, Japan for the period Dec 2005 - Mar 2009. An atmospheric general circulation model-based chemistry
transport model (ACTM), which is nudged toward the Japanese 25 year ReAnalysis data from the Japan Meteorological Agenc
(JMA) (JRA-25), is used in this study. Dynamical structure in the tropical UT region in ACTM is reasonably validated by the
fact that ACTM simulation of mean latitudinal SF6 gradient for the observation period is almost perfectly consistent with the
observation within 0.03ppt, which is much smaller than the measurement precision. For tracing the origins of N20 and CH4
in model, the globe is separated into more than ten of emission regions so that each region emission affects the correspondi
tagged-tracers concentration variation on the globe through the atmospheric transport. The tracers simulation results and obs
vation results are detrended, and their seasonal or shorter eventual concentration variabilities are compared. In case of N2
concentration values around 30N and 30S are largely fluctuated by stratospheric intrusions, which lower N2O concentration il
the UT, but some surface source signals can be still detectable especially around 30N by removing data highly affected by th
stratosphere. That indicates that N20O around 20-30N seems to be most affected by Middle East and South Asia region, ar
secondly by East and Southeast Asia region mainly in summer. It is possible that monsoon and Tibetan Plateau work to tran:
port N20 emitted from South Asia to this region in the UT over the western Pacific. Around 10S, N20O seems to be relatively
dominated by emissions from Australia, but the degree is not so prominent compared to above two Asian regions for 20-30N
CH4 shows slightly different features of affecting source regions from those of N20O. It is indicated that China and India affect
26-30N region in the UT over the western Pacific in summer and fall, respectively. Meanwhile, region around 10S is dominantly
affected by Malaysia-Indonesia-Papua New Guinea emission region. It might be necessary to take into account CH4 loss by Ol
enhanced in the tropics and transport of CH4 through the region to the UT for better understanding the different emission regiol
affecting around 10S between N20 and CH4.
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Distribution of the UT/LS water vapour retrieved from the JEM/SMILES observations
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Water vapour in the upper troposphere and lower stratosphere (UT/LS) region plays an important role in the weather anc
climate system on Earth. Despite its high importance, we are still lacking thorough understanding of the distribution and clima-
tological roles of UT/LS water vapour because of insufficient temporal observational coverage.

New insight into the UT/LS water vapor can be provided by high sensitivity observations with the Superconducting Submillimete
Wave Limb-Emission Sounder, SMILES: a limb emission sounder attached on the Japanese experiment module (JEM) onboal
the International Space Station (ISS). One of the unique characteristics of the SMILES observation is the non-sun synchronot
orbit of ISS. By accumulating the data from the several ISS evolutions, diurnal variations of the atmospheric constituents can b
analyzed. Although SMILES has no water vapour transitions included in its observation spectral range, a significant contributior
of the water vapour opacity of the 620 GHz and 557 GHz transitions comes into the SMILES observed spectra.

We will present the first results of the UT/LS humidity retrieval from the JEM/SMILES measurements focusing on its diurnal
variation.
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Evaluation of updated photodissociation scheme on CHASER model: the impact to chem

ical reaction in troposphere
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To improve the accuracy of calculated photodissociation rates (J-values) in global chemical climate/transport model (CHASER
we updated the scheme for estimation of absorption cross section (ACS) and quantum yield (QY), which is coupled with the
broadband radiative transfer model in AGCM. The new scheme used data from NASA-JPL recommendations in 2006 (Sander ¢
al., 2006). Based on the method of Langdraf and Crutzen (1997), ACS and QY were weighted by the attenuated solar spectrul
and were averaged into the bins. The average value obtained at each grid point of the model was approximated by multivariab
polynomial of temperature, pressure, and a partial ozone column. The comparison between the result of old and new schen
shows that 1) the changes of J-values for ozone photodissociation of both two chanrel®{@0(*D), O3->0,+0) are less
than 10% in the troposphere but indicate considerable increase in tropics and decrease in polar region, 2) J-values for son
ketones increase in free troposphere, reflecting the pressure-depentdent variation of quantum yield, and 3) updated ACS
formaldehyde (HCHO) increased the photodissociation rate of both of channels (H@@>2HG,, HCHO->CO+H,), and
as a result, the chemical production rate of CO was increased in the tropical region.
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A case study of the transport of tropospheric nitrogen dioxide from China observed from
space
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Development of DOAS O3 radiometer using D-UV LED
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by aircraft observation
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Correlation of BC and CO during biomass burning and urban pollution episodes in east:

ern China
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Strong emissions of pollutants (e.g., BC and CO) in East China due to ever-quickening industrial development, surging au
tomobile ownership, and intensive seasonal burning of biomass are well known, however, estimation of its emission has larg
uncertainties. Generally relationship between black carbon (BC) and carbon monoxide (CO) will help improve their emission
inventories and the further evaluation of global/regional climate forcing effects. In present work, two field observation studies
were performed at background mountain site (Mt.Huangshan 2007~ 2009), and at coast site (Rudong, Jiangsu province 201
about 100 km northern to Yangtze River Delta Region respectively. Results from Mt.Huangshan show that annual mean BC con
centration was 654.6 +/- 633.4 ng/m3 with maxima in spring and autumn, when biomass was burned over a large area in easte
China. The yearly averaged CO concentration was 446.4 +/- 167.6 ppbv, and the increase in the CO concentration was greatest
the cold season, implying that the large-scale domestic coal/biofuel combustion for heating has an effect. The BC-CO relation
ship was found to have different seasonal features but strong positive correlatio®.@. Trajectory cluster study combined
with measurements of urban PM10 concentrations and satellite observations demonstrated that the deltaBC/deltaCO ratio for
plume of burning biomass was 12.4 ng/m3/ppbv and that for urban plumes in eastern China was 5.3 +/- 0.53 ng/m3/ppbv. Th
field campaign at Rudong site displayed different results with relatively lower deltaBC/deltaCO values of 4.5 +/- 0.2 ng/m3/ppbv
for urban plumes and 8.9 +/- 0.3 ng/m3/ppbv in biomass burning influencing episode. This result for urban plumes was quie
similar with value (4.1 ng/m3/ppbv in INTEX-B) from statistical approaches, and transportation and industry were identified as
controlling factors of the BC-CO relationship. Large uncertainties still existed for biomass burning smoke, and biomass types
(grass, agriculture residues or twigs), combustion condition (inflammation or smoulder) seemed to be essential reasons to exple
the discrepancies among the results.

Keywords: Black carbon, carbon monoxide, Emisson Inventory, Back trajectory
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Estimation of radiative impact of soil dust by using WRF/Chem
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We are now trying to include mineral dust aerosols in the model, because mineral dusts have a large impact on the radiatio
in East Asia in spring. In the present study we use WRF/ARW (Advanced Research WRF) version 3.1.1, and the gaseous ar
aerosol chemistry is based on RADM2 and MADE/SORGAM, respectively. Dust flux is estimated based on Shaw et al. (2008),
and slightly modified to adapt to the East Asia following to Uno et al. (2004). Gravitational settlement of mineral dust is based
on GOCART (Goddard Chemistry Aerosol Radiation and Transport) model. Landuse is based on the MODIS land-use data. Fc
the evaluation of the model, we conducted calculation for spring 2006 and compared with ground-based observation in Beijing
The model well captured the increase of PM10 during 17-19 April and 22-24 April, and it was estimated the most part of this
PM10 particles were soil dust.

The impact of soil dust on shortwave radiation was also estimated by the model, and found 15W/m2 of decrease was cause
by the soil dust during the dust event.

gooob:oboo,ob,0gog,bboo,oboon
Keywords: Atmospheric Chemistry, soil dust, East Asia, shortwave radiation, transport
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Measurements of wavelength dependence of aerosol light absorption at Nagoya durin
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Characterization of Organic Aerosols from Isoprene at a Forested Site in Japan
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Figure 1. GC-MS total ion chromatogram

Introduction

Organic compounds are major components of atmospheric aerosols which affect the global radiative balance by directly sca
tering sunlight and indirectly as cloud condensation nuclei. A significant fraction of atmospheric organic aerosols are formed
through gas-to-particle conversion process with oxidation of precursors such as volatile organic compounds (VOCSs) in the ga
phase. These are referred to as secondary organic aerosols (SOA). Recently, SOA formation from biogenic volatile organi
compounds (BVOCSs), especially isoprene has been paid attention. Global isoprene emission is far higher than those of biogen
terpenes and anthropogenic VOCs. Claeys et al. (2004) first identified oxidation products of isoprene in the Amazonian rain fores
aerosols. Since then, some studies have been conducted to detect the oxidation products in ambient air samples, however, th
is little data in Asian regions. We have measured organic compounds in the aerosols collected at a forest with strong isoprer
emitters in Japan.

Methods

Atmospheric aerosols were collected at a tower above a forest canopy in southern Kyoto, Japan, between 2009 and 2010. YNV
is in a mixed temperate forest witQuercus serrat@lapanese oak); one of the major tree species in Japan. The oak is a strong
isoprene emitter (Okumura et al., 2008). A high-volume sampler with a PTFE filter was installed in a tower (about 30m above
ground) to collect aerosol samples. Organic compounds on a part of the PTFE filter were extracted in a 1:1 dichloromethane
methanol mixture under ultrasonic agitation. The extracts were filtered through a Teflon filter and the filtrate was concentrated b
reducing the volume with a rotary evaporator. The concentrates were dried under a nitrogen stream. The dry residue was deriv
tized by adding bis(trimethylsilyl)trifluoro- acedimide (BSTFA, with 1% TMCS) and pyridine. Samples were heated for 2h at
70°C to complete the derivatization reaction and then subjected to GC-MS analysis. To determine the quantity of compounds
glycerol and meso-erythritol were used for internal standard substances.

Results and Discussion

We have identified calboxylic acids and tetrol compounds as well as levoglucosan, a tracer of biomass combustion. Based on tt
retention time data, etc., the detected tetrols were likely to be isoprene SOA tracers (e.g. 2-methyltreitol and 2-methylerythritol)
reported in the previous experiments (e.g. Claeys et al., 2004). A strong relationship between temperature and total mass conce
tration of the tetrols is quite similar to the temperature dependence of isoprene emissions (Okumura et al., 2008), also suggestil
that they are isoprene SOA tracers.

Claeys, M. et al., (2004). Science, 303, 1173-1176.
Okumura, M. et al., (2008). J. Agric. Meteorol., 64, 49-60.
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Measurement of oxidants present in secondary organic aerosol using spectrophotomett

lodometry
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K. S. Docherty, W. Wu, Y. B. Lim, and P. J. Ziemann, Contributions of organic peroxides to secondary aerosol formed from
reactions of monoterpenes with O3, Environ. Sci. Technol., 39, 4049-4059 (2005).

K. Sato, S. Hatakeyama, and T. Imamura, Secondary organic aerosol formation during the photooxidation of toluene: NO>
dependence of chemical composition, J. Phys. Chem. A, 39, 9796-9808 (2007).
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Sulfur isotope fractionations in carbonyl sulfide sink reations in atmosphere.
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Carbonyl sulfide (OCS), a relatively inert tropospheric sulfur compound is thought to play an important role as a source of
background stratospheric sulfate aerosols (SSA). The main sink for OCS in the stratosphere is photolysis which reaches 80%
the total chemical sink at above 20 km; other sinks include reactions witR)@nd OH. In order to investigate isotope frac-
tionation in OCS sink reactions at present atmosphere, we undertook laboratory experiments. First, we investigated waveleng
dependence of kinetic isotope effect in OCS photolysis. The absolute ultraviolet (UV) absorption cross sections of OCS isotopo
logues OG?S, OC3S, and OG*S were measured using labeled samples prepared in the laboratory. The observed cross sectior
of OC?2S is consistent with previous reported cross sections of natural abundance samples. The peak positions for labeled sar
ples were shifted in a systematic way. Isotopologue absorptions cross sections were not only shifted in energy but in intensity. |
particular, the O3S isotopologue had the largest cross section of the measured OCS isotopologues. This finding indicates tha
OCS photolysis may have a positive mass-independent effect on sulfur in the stratosphere. In addition, relative rate constants
OCS sink reaction with GP) and OH were investigated using photochemical chamber.

o0000:00000,000,0000,0000000,0000
Keywords: isotope fractionation, photolysis, sulfur cycle, carbonyl sulfide, wavelength dependence
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NMD Fractionation Estimated from SO2 Isotopologues Photolysis UV Spectra
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We report measurements of the ultraviolet absorption cross sections of 32502, 33502, 34S02 and 36502, recorded using
Bruker vacuum Fourier-transform spectrometer 190 to 220 nm at 293 K with a resolution of 8 cm-1. The samples were produce
by combustion of isotopically enriched 32S, 33S, 34S and 36S elemental Sulfur. The spectrum of the 32S, 33S and 34S sampl
are in agreement with previously published spectra. We conclude that the main source of error is the standard deviation of th
measurements themselves while the root-mean-square of other sources of error is in average 20%.The spectra of the isotopice
pure species were corrected based on the isotopic composition of the samples used for the measurements. The absorption spe
show rich vibrational structure and the positions and widths of the peaks change with isotopic substitution in a complex fashion

We present here the application of the first direct laboratory studies of the absorption cross sections of the 32S02, 33SO:
34S02 and 36S02 isotpologues. These data, together with extrapolated spectra by red shifting are used to derive the photoly
fractionation factors and the mass independent anomaly at different levels of present atmospheric levels (PAL) of oxygen. B\
comparison of the employed data sets it is discussed the origin of the mass independency factor during the photolysis in th
presence of oxygen. Our results show that the mass independency is a combination of red shifting of the heavier isotopes and t
change in the absorption cross section which is independent of the isotopomers. The obtained results give a new insight of tf
possibilities of mass independent fractionations observed in archean rock samples or stratospheric aerosols.

ooooo:so2,00000
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