Long-term measurements of the column-averaged
mixing ratios of tropospheric substances related to the
— —— air pollution using ground-based FTIRs at Rikubetsu

Tomoo Nagahama?), Isamu Morino? and Shingo Nakanishil!) 1) ISEE, Nagoya University, 2) NIES, Japan
Contact: nagahama@isee.nagoya-u.ac.jp

1. Introduction w 3. Seasonal and long-term variability of the observed species
v Air pollutants originating from carbon compounds such as i 1 in the trOpgsphere

reactive volatile organic compounds (VOCs) cause a serious
degrading of the air quality near their sources. In addition,

YxSeasonal variability of the total column amounts

these are transported to remote areas with chemical | Spring maximum: O; (Mar), CO (Apr), C,Hg (Mar), 3
composition changes, and affect air quality in urban areas B RIS C,H, (Feb) o
. . . L \ “:| > = P . I * | %
and their surrounding areas, and therefore, are one of major [, == ¢ | & Summer maximum: HCN (May-Aug), HCHO (Jul) =
issues in preserving the air quality. ey — Almost constant: CH,
Altitude o \ A 1"“ TA.‘ =
Tropopause : ‘ ‘ , —~ pre— \l/
:/ Observation capability of gh-FTIR measurements i -» 3"-‘,' — = | f | -These are ConSIStent Wlth the preVIOUS results _§-
| 0 €0, CHy Gfte il | N === using Hokkaido FTIRs dataset. (Zhao et al. 2002; =
HCHO, CH,0H, HCOOH Oxidati ' \tl S e LIS Y. Nagahama & Suzuki 2007) Z
Lifetime: ~ a few days “Oxidation by OH ] s g = O
{ \VOCs, CHOCHO R —
o pifetime: i g -y — . — k% - "The observed seasonal variability reflects the
: Source of air pghiifants A & sk P e NN = . .
o _ source and sink processes of the species.
* ' U =>a primary sink process of long-lived species is B
N [remeon [ soms | [emesare vor - ) e oxidation by OH, and therefore, they show the =
urrace and decay burning urban area |gu re . . z
. summer-fall minimum.
~Tkm ~10km ~100krr ~ 1000k ol Rikubetsu observatory and e
Figure 1) Key organic compounds linked between emission from FTIRs =
the surface and pollutants in atmosphere (middle: Bruker IFS 120M, =>sink of tropospheric HCN is due to contact with
lower: Bruker IFS 120/5 HR) ocean, and therefore, HCN shows the winter . ik
minimum because of low sea surface B ’
o
temperature in mid-latitude region. =
=
2. Observation and analysis =
=>HCHO is an intermediate product from VOCs O
w FTIR Measurements . L
: . : . with a shorter lifetime, and therefore, the
A solar absorption spectrum using high-resolution FTIRs has been measured at ,
: summer maximum of HCHO may reflect the
Rikubetsu, Japan (43.5N, 143.8E, 380 m a.s.l). t of VOC 4 the dist ‘ H
. amount o S an e distance from them. =
"Instrument: 1995.5~2010.5 measured with STEL-Bruker 120M | | - | | B 8
2014.1~2016.5 measured with NIES-Bruker 120/5HR @0, | ol T
-Spectral resolution: 0.0035 cm? (both) E £ ~
" As of 2018, more than 5100 spectra are obtained. £ } ’ . ‘ ‘ %
w Retrievals of vertical distribution B | | } } | o - L ls ) 6.4,
. . . .. . . o O 18- — 0.6 y
By using SFIT4 (v0.944) with P-T profiles, a priori profiles, line parameters, S N s EEEEEEE 3 : ST
micrOWindOWS and EtC, Which are |isted in the document Of ((N DACC/I RWG lelo Retrieved MonthlyMeanmthStandard Deviation 1l1_1616 Retrieved Monthly Mean with Standard Deviation ,&% 0.4 - _— - o. .‘

. . . 3.70 .‘ o8
Uniform Retrieval Parameter Summary” for NDACC standard 10 species and T ) fr T (HN - 2 F R
. . . . . . . g S = 0.2 - Y B
in Vigouroux et al (2012, 2018) for other species, the vertical distributions of = — o } 5 ¥ s'-"

. c € o7 8 .
O,, CH,, C,H,, CO, HCN, HCHO and C,H, are retrieved. 5 l N i ‘ 00 : N
g - g 0.5 | ’ . | . 0.8 - (g) HCHQO
. 0.4 =
> P-T: NCEP Reanalysis-1 = sl : :
> A priori Of gas: WACCM V6 (40-yrs run) 395 1E151Ret;evez Mo4nthI)5( Me:m w-;rth Siandgard?I;)e\.ri::\ltion12 - 51Retr2|evez M(jnthlj MeZn w-,lrth SiandgardTjo‘sz\.r:atlo:2 g . .‘ ‘e . °
> H,0 vertical profile: daily average from pre-fitting results 0 | ‘ l ey Cotty | — HCH, | = 047 q‘l{.;.,-' .
. . 'E 2.75 'E T 0‘.‘3 3:. o,
> Vertical grid: 48 layers (0.38-120.0 km) S s | S« ’ S 0.2 o B
c 2.25 - c 5 - e
> line parameters: HITRAN2012 + ATM16 (for H,O and its isotopes) £.. | £ ’ 0.0 - » | 49
9 sl S N 95 9697 98 99 00 0102 03 0405 0607 08 0910 11 12 13 1415 1617 18 19
Table 1: Retrieval parameters, DOFs and total error of 7 species S 1501 | | © | | Year
—Terror (% 2 22 Figure 6) Time-series of the column-averaged mixing ratio of (a) O, (b) CO, (c) CH,,
Species |# of MWs| Microwindow (cm™) | Species to be fitted simultaneously | DOFs (~02§18 501(403) ool e (d) HCN, (e) C,H,, (f) C,H, and (g) HCHO in the troposphere (surface-8 km).
0 1 1000.00-1005.00 | H,0. CO,. CoHs. 000, 000 57 0.4%: L 6% _ 2e1s Retrieved Monthly Mean with Standard Deviation Month Arrows indicate a period of huge forest fires in Siberia.
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

ssion (Arbitrary) | % Difference
2
|
|
|
|
|
z
o
2
|

e Transm
~ O e e o
g w o ~ @ o Qg P n
v 1 . A . . @ a_
5 7 a5
S | S
=1 3 © <
( g g
~ ~
21 o
v (v
~ 4 ~
g o]
T m
=) = ©
] 7 J
B [=3
N N
2 o
w w
< G
= @
g g
2 W
o o
=1 7 o
w E
c ~| y N
] w
~ 4
oD o
% o &
= 4
)
N‘ o N
Lo ] S
w w
=~ ~
Qe =]
S =]
e =]
T (o)
E Q
~ R,
o o
w w
< B
© ©
o wu
< o
] o]
B / G -
N < ]
R S| ==
o 1’ a
o« o
o
g
(=)
o
&
o . I
mission (Arbitrar % Difference
o ©o o o = =¥ & o
w @ v © o 5 &
o w (=] w o w o
&
o2
W
| @
| b=t
=
o
o
It
o

2
—

1.05 1

©

.E

2 100 —

g I

B 0954

E [
2

S ]

2o

et o | e S S T "Vertical distribution of O,, CO, CH,, HCN, C,H,, C,H, and HCHO are retrieved from the solar absorption
spectra taken with high-resolution FTIRs in Rikubetsu observatory, Japan since 1995.
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£ oo T T— forward model spectra with . . .- .
S - N W i residuals; (a) O,, (b) CO, (c) CH,, " Except for CH4, we find seasonal variability of the total column amounts of 6 species. For O, CO, C,H,
ég;ggj\ \ 5 N Ed)) HCN, (e) G,Hg, (f) C,H, and and C,H,, the spring maximum is detected. For HCN and HCHO, the summer maximum of the total
0751 0801 g) HCHO .

R T T e S S e A column is detected.

i RS 3 o, & hen H. 0 CH, onicho Lor\g-term trgnds and short-term enhapce.n.wents of the species are estimated. Fc?r CH, and C,H,, the

' ‘ positive trend is detected, although no significant trend appears in the other species.
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Figure 5) Averaging kernels of (a) O,, (b) CO, (c) CH,, (d) HCN, (e) C,H,, (f) C,H, and (g) HCHO




