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Observation of Global Atmospheric Environment and Carbon Cycle Changes
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In cooperation with the National Institute for Environmental Studies, we are carrying out research on the global atmospheric environment, such as global
warming and air pollution. For that purpose, we are developing measurement techniques on atmospheric composition changes and terrestrial carbon
budgets. We conduct research and education on measurement principles, data processing algorithm, field experiments, and data analysis on the basis of
specific cases of remote sensing and in situ technologies. We also develop applications for atmospheric compositions/clouds/aerosols and their surface
processes, utilizing such instruments as satellite-borne, air-borne, ship-borne, and ground-based sensors. We conduct field measurements in Asia,

Antarctica, and the Arctic including Siberia, and we study global atmospheric environmental change by analyzing these data.
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Fig.1 (a) Correlation between partial column of CO and HCN at 5-18 km
in spring. (b) Same as (a) but for summer. (c) Same as (a) but for fall. (d)
Same as (a) but for winter.

Estimation of emission source of carbon
monoxide from biomass burning observed with
ground-based Fourier transform infrared
spectrometer at Tsukuba since 2010

Carbon monoxide (CO) is mainly produced by fossil fuels, biomass
burning, and oxidization of hydrocarbons. It has a lifetime of several
weeks to 2 months in the atmosphere, and its regional abundance and
source are not uniform. In recent years, it has been found that the emission
of CO from Asia has a great influence on the global concentration, and it
is desired to improve the estimation of its source. We have retrieved
atmospheric abundances of CO and hydrogen cyanide (HCN) with a
ground-based Fourier transform infrared spectrometer (FTIR), and we
have analyzed the spectra observed at Tsukuba, Japan (36.1°N, 140.1°E),
from April 2010 to May 2019. In this analysis, the source of CO was
estimated using CO—HCN correlation. HCN has a lifetime of several years
and it is mainly produced by biomass burning. HCN was used as a proxy
for biomass burning. The FTIR retrievals were carried out with the SFIT4

Fig.2 5-days backward trajectory analysis for FTIR analyzed airmass at
Tsukuba for altitude of 4 km overlapped with forest fire locations observed
MODIS satellites. The color represents the year of observation.
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ZTNSDREDEBEZRT U, TDER. HFD5-18km D CO &
HCN hZLABDOMICESREREERMNER S h . BERTHNSE
5N fc CO/HCN tEh 5. RRH CON—=2vILAZAILEFEH/NA
F ZRRBEEEIR CO DEIGZRDIHER. 3-5 BOFHTH 70% &
WS EZ BT, RIcZDERBORATNIMRERZIToICiER. &
DBEE 5-18 km e EWTHERILHEN 5O 7 D#ERE 50-60°N &
DHIRDOFMN K ZHIRET S CO THHARENTRBREINDHER%E
/R EDTE S

fnZEtE & A DERAID SHE U fRiEF Y 7EIC
H11% 2015 FOHFMRKEDS5D CO2 it

AKKEEETILOHFEREFALT 2015 FOEWI)L=—=311
RICKH>TEIERISINEFRET I TERICE TDRIR - HFMAK NS
DZEbiRSE (CO2) MHERE MY TT UV ETHE U, DM
ICIERMEMZE#ZFE -/ CONTRAIL 7OV z/ hCESNIcEBE
D CO BRIF—HBEVNSNTWS (Fig.3), Flech&ldMizLiz
HATH ZRAMIEEMITI DM ZESTOY TV NTORIEE (FF
IC COEE) #FAULTAKRIR CO: DIRIEEITolc, MZHEEM
FADBAIN SHEE SN 2015 F 9 — 10 BOKKICLDRRMHE
1Z 273 Tg THolkc (Figd)o D 25 ADOMHE FLZMIRICH TS
FRDKKICEDHEED 75%. FREDIEKRRKZREED 45% IC1H
YT D, ZOTERBMAKLIFET Y TEICHITIRETSVIAD
FREBDEZERTHZDEZENKT D, BRETANE{Toflc&
3. MEBEADT—F IIERICAKDBEREEATNDHOD, (R
NAT vy A THEShZ) MIHREOBRICEEBITOERNEAS
n>3z&bbh ol BETOHEBIRRNLAT Y TEOHEELD
BEHOEZRITH. CORERD—IBIEMMERD CO & CO: DEE
HICERLTWS EEZ 5N 5, [FROMIKERIEDEITICE TR
EB7IT7RISEZRIENEDEFEIN. ISBDRKR - FIRAKIK
SADREBREEINET BERENH S, (Niwa et al., ACR 2021)

Lat [']
= k2

e [l
&n

Fig.3 CO: mole fractions in the free troposphere around Equatorial Asia observed

by CONTRAIL. Upper panel presents a time—latitude cross section from cruising
mode data within the longitude range of 90-130 E and the lower panel shows a time—
altitude cross section from ascending and descending data over Singapore.

retrieval program. Vertical profiles of CO and HCN were retrieved, and
partial column amounts in two layers, 0—5 km and 5-18 km were obtained.
Using correlation analysis between CO and HCN, significant positive
correlation was found between them at 5-18 km in spring. From the
CO:HCN ratio, the biomass burning-derived CO was estimated to be about
70% from March to May. From the backward trajectory analysis of the air
mass, it was confirmed that the biomass burning-origin air mass mainly
originated from forest fires in northeastern China to Russia in the area of
50-60°N.

Estimation of fire-induced carbon emissions from
Equatorial Asia in 2015 using in situ aircraft and
ship observations

Inverse analysis was used to estimate fire-induced carbon emissions in
Equatorial Asia due to the big El Nifio event in 2015. This inverse analysis is
unique because it extensively used high-precision atmospheric mole fraction
data of carbon dioxide (CO,) from the commercial aircraft observation
project CONTRAIL (Fig.3). Through comparisons with independent
shipboard observations, especially carbon monoxide (CO) data, the validity
of the estimated fire-induced carbon emissions was demonstrated. The best
estimate, which used both aircraft and shipboard CO, observations, indicated
273 TgC for fire emissions from September—October 2015. This 2-month
period accounts for 75% of the annual total fire emissions and 45% of the
annual total net carbon flux within the region, indicating that fire emissions
are a dominant driving force of interannual variations of carbon fluxes in
Equatorial Asia. Several sensitivity experiments demonstrated that aircraft
observations could measure fire signals, though they showed a certain degree
of sensitivity to prior fire-emission data. The inversions coherently estimated
smaller fire emissions than the prior data did, partially because of the small
contribution of peatland fires indicated by enhanced ratios of CO and CO»
observed by the ship. In future warmer climate conditions, Equatorial Asia
may experience more severe droughts, which risks releasing a large amount
of carbon into the atmosphere (Niwa et al., ACP, 2021).
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Fig.4 Prior (a) and posterior (b) surface CO; flux distributions
averaged for September 2015. Differences between prior and
posterior fluxes (c) is also shown.
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