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Satellite-based Remote Sensing of Tropospheric Ozone Profile
Using Multi-spectral Synergetic Retrieval Algorithm

: * . E3
Tomohiro Sato™, Koji Zerrsu*™ and Yasuko Kas Al 23

Abstract

Ozone in the lowermost troposphere is one of the most significant air pollutants and the amount has been increasing over
the past few decades in the northern hemisphere. Ozone in the Earth’s atmosphere has been measured in several
wavelength regions including the ultra-violet (UV), visible (VIS), thermal infrared (TIR) and microwave (MW) regions.
The tropospheric ozone estimate was improved by combining radiances measured in several wavelength regions or
measured with several geometries. This paper reviews estimates of the tropospheric ozone profile using a combination
technique involving several space-based measurements. The combination technique was applied to estimate the
tropospheric ozone column for the first time in the late 1980 s. The stratospheric ozone column derived from the SAGE-I
limb measurement was subtracted from the total ozone column derived from the TOMS padir measurement. The
tropospheric ozone residual method was also applied to TOMS and SBUV, TOMS and UARS/MLS, and Aura/OMI and
Aura/MLS measurements. Feasibility studies to estimate the tropospheric ozone profile using the UV, VIS, and TIR
wavelength regions were performed based on the maximum a posteriori retrieval method in recent decades. The
combination of UV and TIR nadir measurements showed the highest sensitivity to the lowermost tropospheric ozone. This
combination was applied to the satellite measurements of Aura/OMI and Aura/TES, and of MetOp/GOME-2 and
MetOp/IASL In the case of GOME-2 and IASI measurements, the degree of freedom for signal (DFS) value in the
lowermost troposphere was increased approximately 40% by combining the two measurements. We also report a
feasibility study of estimating the tropospheric ozone by combining the MW limb and TIR nadir measurements assuming
Aura/MLS and Aura/TES. The DFS value of the lowermost tropospheric ozone increased approximately 6 % as a result of
adding the MW measurement to the TIR measurement, although the MW measurement alone has no sensitivity in the
lowermost troposphere.
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Fig 1 Long-term trend of Ox, NOx and SPM in Fukuoka
from 2000 to 2014. Annual mean data acquired in all
observation sites in Fukuoka were averaged. Data used
in this figure are available at http://www.nies.go.jp/
igreen/index.html [Last access on February, 8 2017].
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Fig 2 Geometries of satellite remote sensing. (1) Limb
observation, (2) Solar occultation, (3) Nadir view-
ing, emission observation, (4) Nadir viewing, solar
backscatter observation
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Fig. 3 (a) Simulated limb emission spectra in the MW region. Spectra at 10, 20 and 30 km of tangent height
are displayed. (b) Simulated nadir emission spectrum in the TIR region.

Table 1 Specification of radiative transfer calculation for the MW Limb observation and TIR nadir observation.

MW limb TIR nadir
Spectral range 234.5~236.5 GHz 985~1075 cm™
Spectral resolution 6 MHz 0.1 cm™

H,0, 03, N,O, CO, NO, SO,,

HZOs COZ: 03, NZO: CH43 SOZa

Molecules NO,, HNOs, CIO, OCS, H,CO, NO,, NH;, OCS, CH;Cl, H,O,,
HOCI, CH;Cl, H,0,, HO, HCOOH, HO,
Sensor height 705 km
Tangent height: 0~80 km
Scan direction Solar zenith angle: 0 degree
(0.5 km step)
Surface albedo 0.05

Thermal contrast

0 K (Surface temperature: 294.2 K)

RHHEDOF ¥ Y ANVRERBE Vo - EBEEIIEZRL
TwZ ke L7,

KIEH TX, EFTOHFEEBLIURE EHOEME
Xie B & OSEBRMH xa |21, UARS/MLS OB 7 — 59 %
LRODONAFREFEORBEMET— 5 2FH L. U b
Y= 2UVHEERANY PV xe I3V Y OFEERE S
DHEEAN, IV VREFTIRBEET—5 D08 fEDEZE
fEE LT, BEfELEBREICEERD 2. COEMEZHAWT
BEHEZEETFTVFIZX o TANRY Ml yme ZETEL,

Virue=F(Xruc, b) (19)

D yre 5, 4.1 FETRLAE MAP BEICESWFHEIC
Lo TAY VHEREESMi%ZY) M) =SV Lz,

Xret=R(Ytruc, Xa, b) (20)

BEHEEE TV FIZiE, MW, TR O &5 5 OFERD FHE
T #E 7 the Advanced Model for Atmospheric Terahertz Radiation
Analysis and SimUlation (AMATERASUY® % L7z, X3

2 &P BFEIR D AMATERASU % iV TRHE S iz AR
MV, #£1 KR EREBROBSHEEFE DM Z R T,
FFETER LKL TFOHNK/YT X — % & HITRAN
2012 OFkAH F s OEERH G VU FY =V TH
WEEBERREFDARY PV 4 X%, Aura/MLS, TES O
WED AT PV 4 X% HIZ, MW iF 1.4K”, TIR 13 4.4
X10" S Wm¥st/HZ? & Lize ARZ PV 4 X453 8AT
FSetd, MAEICK /L XD 2 FEZFDL, IEMAEIZE
TODEFITHE Lie VY EBOEBIEIRERE TIZH
10%>Y, B T3 20% (W 10ppb)>> THBHI L% E
KL, V' VOEBREIZEZ 258 ea i,

€a=0.1xa+1X107? (21)

TH 2, ZORGEATE) S. DRETE, BEEOMHEE2E
BLTR 22) 0XHic5 27
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Sa[i, j]ZEa[i]Ea[j]eXp (22)

— 346 —



BARVE-FEY Y V7L Vol.37 No.4 (2017)

EmTT —y 30 T T =
S e — —_ =% Noise g
pi &
: ..... 00 Smooth g
25 T o e o e TG
- H %O
] H iomig
;;-: i R 5?
20} e _, 20} TG X NS ([ . (fI S SO i ‘95
[ — £ I -
X~ gme X A o
= — = L
g5 =] g3 i
2 o | 2 ® O
£ — z I
10} gl 3 10} g
/J -0
LI
& ¢ P 8
5k R | § ST Soedhrsevaser b - o e
S 4Rt
;i i H [R:
: : A n: ; y H / (34 H
0 H H L (N (e O 8. R 0 i h H -] H
107 107 10° 10 000204060810 10° 10° 107 107 102 107 10° 10" 000204060810 10% 10% 10% 10°
VMR of ozone [ppm]  Averaging kernel Error [ppm] VMR of ozone [ppm]  Averaging kernei Error [ppm]
(c) MW+TIR (d) Pressure and Temperature
30 - - e ——— 0 - - ,
: : M‘_; w-m Noise : 3 1 ¢
p—— .
 —
25 o v : o S . 254
e
-
==
20 BB T b (1 | RTINS | FIO SOUURRNNSN [
= S -
E e £
=3 e — X
g —{ gl
2 2
E: — E
10 10}

ol f
10?

VMR of ozone [ppm]  Averaging kernel Error [ppm}

Fig. 4

ol

o
10t 10?
Pressure [hPa]

200 2‘."0 240 260 280 300
Temperature [K]

10%

Retrieval simulation results of tropospheric ozone profile using the MW Limb observation (a), the TIR nadir observation

(b), and both MW and TIR observations (c). The left panel shows ozone volume mixing ratios (VMRs) of true (Xtrue), a
priori (xa) and retrieved (xret) profiles. The middle panel shows averaging kernel matrix and measurement response by
gray and black solid line, respectively. The right panel shows errors from spectrum noise (Axm) and smoothing error
(Axn). The pressure and temperature profiles used in this simulation is shown in (d).
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Table 2 Degree of freedom for signals in the upper, middle and lowermost troposphere
for the MW +TIR, MW and TIR observations.

MW+TIR MW TIR

Upper troposphere (7~ 13 km) 4.92 4.88 1.03
Middle troposphere (2~7 km) 1.22 0.04 0.89
Lowermost troposphere (0~2 km) 0.34 0 0.32
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