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Variations of ozone and related trace species in the atmosphere
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Temporal variations of the total columns of formaldehyde (HCHO) and ammonia (NH;) were observed with Fourier transform infrared spectrometer

(FTIR) at Tsukuba. The paper on the profiles of stratospheric ozone and nitrogen dioxide observed by a balloon-borne optical ozone sensor in 2016 was
accepted. We participated in the NDACC/IRWG meeting held in Wanaka, New Zealand, and presented the results of our HCI and HF observation.
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Fig.1 Temporal variation in the total column of
HCHO observed at Tsukuba from 2001 to 2019.

In collaboration with the National Institute for Environmental Studies, we
have been investigating the temporal and spatial variations of atmospheric
trace species with solar infrared spectroscopy using FTIR at Tsukuba
since 1998. We have contributed to the activity of the Network for the
Detection of Atmospheric Composition Change/Infrared Working Group
(NDACC/IRWG) and collaborated on HCI, CHs, etc. This year, temporal
variations in the total columns of HCHO and NH; were newly analyzed
and the investigation of HCl and HF continued.

HCHO is an intermediate product of the oxidation of CH4 and the volatile
organic compounds, and it is one of the indicators of air quality because it
is related to the production of ozone and secondary organic aerosols. There
are some satellite measurements and the FTIR measurements are useful
for the validation of these satellite products. Fig.1 shows temporal variation
in the total column of HCHO observed at Tsukuba from 2001 to 2019. We
can see the summer maximum and winter minimum but no significant
trend. The columns are larger than those in other NDACC/IRWG sites,
indicating emissions from the urban area in Kanto.

Ammonia is related to nitrogen fixation by organisms and affects aerosol
formation and neutralization of acid rain. Anthropogenic sources such as
agricultural emissions are dominant, but emission from three-way
catalysts in cars is also important in the urban area. Fig. 2 shows temporal
variation in the total column of NH; observed at Tsukuba from 2014 to
2019. We can see the summer maximum and winter minimum, and values
larger than 1 x 10'® molec/cm? were sometimes observed in summer. Backward
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Fig.2 Temporal variation in the total column of
NH; observed at Tsukuba from 2014 to 2019.

BO=TtHMENSEHHEINIOHEBHEISORELEBRETER
W, Fig.2 IEDKIETEAIS N/ NHs AS L2 ED 2014 — 2019
FORFERIZETY. EFMKR, £FWNOFHE{DEHN EZE
IKIFUIRVISBED 2 SRR DOAZSHEBHRES NS, INSOEEE
ZHBAUHICDOWTRIMRBIZTo>lc & 23, HEPEMNS
DIZIvyaveRBYEmREMESNTNS,

HCl B EBEAY VIRBEDIRIZEL BdmAa T 7OVRGIICE->T
AIPANDIEROMEEHI R Ul DICHL 2000 FED, SHAME
MIC$H B, —H. HF (& HCI B 7OV BN ELRFKERTH 2HMEER
ICIFRERCOHNZEEDN L —F—ITLLfEDbND, TD2 DDA
PCEBEBIBREZRDRIBERLRSNTED INISHERE
BEROZOEETHZIH,. Ihe7OVRHICEIMROERZS
CHERANRNTWS, SEEE. HCl. HF @ 2018 F0O@EirZBML
T 2015 FLEOBIBMMN#HKELTWS I EZEL O, 2IRTIR
TN SHEUCEERGEBGEDORETHNS ZOBIEMEHEN
ZRICLZDAEEN BV END D ofeh. —A T 3 RITLFEETE
T TIEBEMABRINTESI BASNEEMICIETIVY
VOEENGZARENEHD. BITEEHTND,

Ffo. EREBMEMICH LT 2007, 2011 FITfTo>72 FTIR 8l
MSIEREFRMEDIERIEEY DO DB IC D WTANICH L Z#ERER
BEEBZNE (EMREAER) OFERESEHMEL WD, &
nht&k>¥< Atmospheric Chemistry and Physics 55ICZES
nre.

HEAV VYV TILEDAVY - ZBRIAEEROBENGERICOWN
T BEERBNAEOREBICLDBEDERE Skm TAV Y - 1t
BREDILETEITORETEESIERD B ENERLIEER
HLTWBD, SERFCOBREZRXICKEDFEMEMRTHRAEKE
MRERBSICREINT,

NDACC/IRWG Tld. BFHREZEHIS 20 U LOW KT IL—TF
NEFOTHAFELRMOBERICAITIEBRRIRZTOREBZIT-
TWBP . SFEIFEZ2—Y—FVRT5R20 - 24 HICHES . BL
HEMUT (Fig.3)e A% >, HCI. HF ORBITEROFERZToIF
M BIFFEORE(LGEICOVWTERRIBEET 7,

12 BIZRAYRRITZDIT S04V vV RETHRARBDT oI
XZEIF—ICTEMRBRS EEHICEML, ARBNZTo
(Fig.4)o Ffc. 2015 EHSERERBRELVI—DFMEEZ
LTHED, SEEHINETIC 2 0DOHERZRERICHFEUTRRER
By =T oTWSHARDFEZ{T o

Fig.3 NDACC/IRWG meeting held in Wanaka,
New Zealand.

trajectories on these days show that these airmasses came from urban surface
areas or agricultural fields.

HCI is a good indicator of the potential for ozone depletion, and its
concentration in the atmosphere decreased in the 2000s after
chlorofluorocarbon (CFC) regulations were introduced. CFCs are also an HF
source, and HF is a good tracer of atmospheric transport because it is
chemically stable. These two species have shown increasing and decreasing
trends due to short-term dynamical variability in the northern stratosphere.
We are investigating the relation between the trends and the effect of CFC
regulation. This year we extended the analyses of HCl and HF to 2018 and
confirmed that the upward trend continues after 2015. Mass stream
function showed that this trend is also due to dynamical variability. On the
other hand, there is some possibility of emission change because 3D
chemical transport model simulations could not reproduce the upward
trend. We will continue to analyze HCl and HF.

The paper on the chlorine partitioning near the polar vortex boundary
observed with FTIR at Syowa station, Antarctica, in 2007 and 2011 was
submitted to Atmospheric Chemistry and Physics by Prof. Nakajima in the
Global Environment Division, and it was accepted.

The paper on the profiles of stratospheric ozone and nitrogen dioxide
observed by a balloon-borne optical ozone sensor in 2016 was accepted by
JAXA Research and Development Report.

NDACC/IRWG holds an annual meeting where scientists from more than
20 groups discuss observational results, new plans, and measurement
techniques. The 2019 meeting was held in Wanaka, New Zealand, from
May 20 to 24, 2019 (Fig.3). We participated in the meeting and presented
the results of our CH4, HCI, and HF observation.

Tohoku University Environmental Studies Seminar 2019 was held at
Brawijaya University, Indonesia, on Dec. 18. Assoc. Prof. Murata participated
and presented the introduction of our research (Fig.4).

Assoc. Prof. Murata serves as an evaluation committee member for the
Center for Health and Environment, Miyagi Prefectural Government, and
attended two committee meetings.

Fig.4 Tohoku University Environmental Studies
Seminar 2019 at Brawijaya University.
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