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An Error Analysis of a Method for Retrieval of Tropospheric Aerosols Using UV Satellite Sensor

Yukari SHiBaTA*, Kyoka Gamo*, Noriko YaMaNnaka*, Makoto Kuir* and Sachiko HavyAsHIDA*

Abstract

The atmospheric aerosols play an important role in tropospheric chemistry. In this paper, we make an error

analysis of a method for remote sensing of tropospheric aerosols over land using Global Ozone Monitoring
Experiment (GOME) sensor. This algorithm, based on Direct Method [Torres et al., 1998], makes use of radiance
measured in two UV wavelengths (335 and 395 nm). In this spectral region, the surface reflectivity is lower than that

in visible range, for example, which enables us to retrieve aerosol properties easier over land in particular. At first,

we present the results of sensitivity study with the two channels. Next, we make error analyses caused by the

uncertainties in the parameters such as surface albedo, height of aerosol layer, or viewing angle within a GOME

pixel, so as to retrieve aerosol optical thickness and mode radius.

Keywords : tropospheric aerosol, UV remote sensing, errvor analysis, dust, GOME
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Table 1 GOME Specifications®.
GOME / ERS-2
Double monochromator with predisperser prism and
Spectrometer type .
four holographic gratings (four channels)
Retrograde near polar (98.5° inclination), sun-
ERS-2 orbit synchronous, descending mode (equator crossing 1030

LST). 795km altitude.

Viewing modes

Nadir (across-track scan angle +32°)
Polar viewing (polar summer, 47° scan angle)
Solar viewing (once a day)

Lunar viewing (~6 times per year, 75°-85° scan angle)

Spatial Resolution

(nadir, normal mode)

3 ground pixels.across-track with 40 km along-track,

320 km across-track

. 240 — 400 nm ~0.2nm
Spectral Resolution
400 - 790 nm ~0.4nm
Global coverage Within 3 days
(@)
3 e DUst-like
Table 2 Aerosol Model”. 2.5 - - Seasalt
= = Soot
Aerosol component Mode radius (um) |Standard deviation - 2 e e 75%H2504
Soot 0.0118 2.00 © TreEmemmemssmEEoE
Q15 f e ——————————
Dust-like 0.471 2.51 B
Q — S B
Sea-salt 0.30 2.51 x
H,SO, droplets 0.0695 1.86 0.5 [rrmmmmmmmemene e e
0 . .
020 030 040 050 060 070 080
Wavelength (um)
2. B F &
(b)
LR —— S — e
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. . _ 2 1.0E-04 oo
TTBNS A TEBIT S LR, BRlsnrESE 5o
HOPUDEESNIcT T/ VEFVCHTE VY a gwws;“
V—va valhsE T e, vialb—va VicH "~ 1.0E:07
W7oV IVETIVOREREFICERTH 5, K 1.0E-08
TSI LA %77 (log-normal distribution function) % 1.0E-09
IRE L, XHEMED X 0, Table 2 ® & 5 BRENMGEZ DT 020 030 &gﬁgisz S0 980
T 0 VOV E FVEOERIEITROEEMKFMEE Fig. 1 ©
L HICEE L M, SHRB 7 o VL ORI L@, Fig. 1 The complex refractive index of various aerosol

s Bismodal) L TWA I ENZVHEDOD, A
FTIE, BBOT|EMIT LB bDIcd 5 /cdic, —(
4347 (Mono-modal) A£2H L 72,
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components”. (a) real part, (b) imaginary part.
These are same as those in STARCODE rstar4b
data file®.
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Fig. 2 Simulated reflectance over UV spectral region. The
solid line shows the reflectance with no aerosol
loading, and the other lines do the reflectance for
the aerosol loading of Dust-like, Soot, Sea-salt, and
H,SO, droplets, respectively, with optical thickness
1.0. Calculations were carried out every 5nm,
shown with asterisk sign (*) explicitly for non-solid
lines.
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A diagram of Direct Method. The horizontal axis
is reflectance at 395 nm and the vertical axis is ratio
of reflectance at 335nm and 395nm. Center point,
called O-point, indicates aerosol optical thickness
being 0. Aerosol optical thickness increases to 1, 2
and 3 away from O-point. If observation value is
plotted on this diagram, we can select nearest
aerosol model and determine optical thickness.
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Fig. 4 As in Fig. 3, but changing of altitude of aerosol
layer : 0-3km, 1-4km and 2-5km, respectively,
for (a) Soot and (b) Dust.
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(a) 0.04, (b) 0.06, (c) 0.08, and (d) 0.10.
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g. 6 As in Fig. 3, but (a) : the complex refractive index
of soot, imaginary part from 0.02 to 0.5, and (b) :
the mode radius of Dust from 0.05 to 4.0 «m.
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Fig. 7 An example of a global analysis. Absorbing and non-absorbing particles were classified using GOME

data on April 6, 7 and 8th, 1997.

Table 3 Details of the GOME data used for the case study.

Feb 27, 1997

Local time 10:32:28.661 — 10:46:37.747
Latitude 29.66°N - 19.37°S
Longitude 7.53°E - 9.94°W

Orbit number 09709

723 - 1289

Analysis date

Pixel number
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Fig. 8 The analyzed orbit over the African continent
for the case study.
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Fig. 9 The judgment method of the case study.
Within the dashed line domain, a particle was
judged as a non-absorbing one.
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Fig. 10 A result of the aerosol optical thickness (440 nm)

for the case study. Purple shows non-absorbing -

particle.
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Fig. 11 As in Fig. 10, but for the mode radius (Dust).
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Fig. 12 Change of the diagram with the variation of surface albedo : (a) 0.06 and (b) 0.10.
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Fig. 13 As in Fig. 12, but with the variation of altitude of aerosol layer : (a) 0-3km and (b) 2-5km
with the standard (1-4km).
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Fig. 14 As in Fig. 12, but with the variation of a scanned point : (a) start point and (b) end point

with the standard (middle point) of a GOME pixel.
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Table 4 Relative errors with retrieval of optical thickness
(440nm). Considered are the factors as follows :
(I) surface albedo, (II) altitude of aerosol layer,
and (III) scan geometry, as illustrated in Figs. 12,
13, and 14, respectively. Estimation of the rela-
tive errors was carried out for all of the standard
points with the cases of aerosol optical thickness
(0.0-3.0) and mode radius (0.05-0.5xm) using
the diagrams that are obtained for different
parameters. We adopted the maximum value
between two (positive and negative) cases of the
relevant factors as a relative error. In this table,
there are some blank items with a hyphen mark
(), which indicates that the standard points are
out of range after the shift of the diagram.

Tw(pm)
00501 |02 |03 |04 |05

Surface albedo (I) 040 | 0.40 | 0.40 | 0.40 | 0.40 | 0.40

Altitude of aerosol (I} | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00

0.0 | Total (1 +11) 0.40 | 0.40 | 0.40 | 0.40 | 0.40 | 0.40

Scan geometry (III) 0.12 | 0.12 | 0.12 | 0.12 | 0.12 | 0.12

Total (I + II + III) 052 1052|052 ] 052 ] 052|052

Surface albedo (I) 069 | 050 | 0.38 | 0.25 | 0.53 | 0.34

Altitude of aerosol (IT) | 0.09 | 0.25 | 0.78 | 1.53 | 1.13 | 1.28

0.5 | Total (1 + 1) 078 | 075 | 1.16 | 1.78 | 1.66 | 1.63
Scan geometry (IIT) 0.03 | 0.06 | 0.50 | 0.84 | 0.84 | 0.21
Total (I + 11 + IIT) 0.81 | 0.81 | 1.66 | 2.63 | 2.50 | 1.84
Surface albedo (I) 025 1039|014 | 033 | 0.13 | 0.39

Altitude of aerosol (IT) | 0.19 | 0.64 | 0.97 | 1.19 | 1.34 | 1.97

LO | Total I+1D) 044 | 1.03 | 1.11 | 1.52 | 1.47 | 2.36

Scan geometry (III) 0.13 | 0.27 | 0.30 | 0.31 | 0.48 | 0.17

Total (I + IT + III) 056 | 1.30 | 1.41 | 1.83 | 195 | 2.53

Surface albedo (I) 020 | 0.26 | 0.18 | 0.13 | 0.29 | 0.04

Altitude of aerosol (II) | 0.08 | 0.77 | 1.24 | 1.78 | 2.33 | 2.20

T, | 15 | Total (I +1) 028 | 1.03 | 141 | 191 | 2.62 | 224
Scan geometry (IIT) 0.19 | 020 | 0.26 | 0.30 | 0.44 | 0.16
Total (I + 1T + 1) 047 | 1.23 | 1.68 | 221 | 3.06 | 2.40
Surface albedo (T) 0.12 | 0.16 | 0.05 | 0.13 | 0.10 | 0.13

Altitude of aerosol (II) | 0.35 | 0.82 | 1.50 | 0.45 - -

2.0 | Total 1+ 1) 0.47 | 0.98 | 1.55 | 058 | - -
Scan geometry (III) 0.10 | 0.11 | 0.34 | 0.30 | 0.52 | 0.24
Total (I + II + IIT) 057 | 1.09 | 1.90 | 0.88 | - -
Surface albedo (I) 0.09 | 0.11 | 0.03 | 0.06 | 0.04 | 0.13

Altitude of aerosol (II) | 0.48 | 0.25 | 0.40 | 0.50 - -

2.5 | Total (1+1I) 058 | 036 | 043 | 0.56 | - -

Scan geometry (IIT) 0.08 [ 029 | 028 | 0.44 | 0.28 | 0.19

Total (I + I+ III) 0.66 | 0.64 | 0.70 | 1.00 - -

Surface albedo (I) 0.08 | 0.09 { 0.01 | 0.03 | 0.08 | 0.06

Altitude of aerosol (I) | 0.56 | 0.20 | 0.42 | 0.54 - -

3.0 | Total (I + 1) 0.64 | 029 | 043 | 057 | - -
Scan geometry (IIT) 0.06 | 023 | 0.40 | 0.54 | 0.31 | 0.29
Total (I + II + IIT) 070 | 052 | 083 | 1.10 | - -

Table 5 As in Table 4, but for mode radius.

T (pm)
005 | 01 | 02 | 03 | 04 |05

Surface albedo (I) 0.05 | 0.00 | 0.05 | 0.10 | 0.15 | 0.20

Altitude of aerosol (I) | 0.00 { 0.00 | 0.00 | 0.00 | 0.00 | 0.00

0.0 | Total (1 +10) 0.05 | 0.00 | 0.05 | 0.10 | 0.15 | 0.20

Scan geometry (II) 0.40 | 030 | 0.20 | 0.10 | 0.01 | 0.10

Total (I + 1T + III) 045 | 0.30 | 025 | 0.20 | 0.15 | 0.30

Surface albedo () 0.10 { 1.46 | 0.34 | 0.40 | 047 | 0.50

Altitude of aerosol (II) | 0.22 | 0.22 | 0.16 | 0.21 | 0.28 | 0.41

0.5 | Total (I + 1) 032 | 1.68 | 0.50 | 0.60 | 0.75 | 0.91

Scan geometry (IIT) 0.13 | 094 | 0.87 | 0.29 | 0.29 | 0.16

Total (I + II + III) 044 | 2.61 | 1.37 [ 0.90 | 0.95 | 1.06

Surface albedo (I) 0.16 | 0.34 | 039 | 0.36 | 0.26 | 0.39

Altitude of aerosol (II) | 0.34 | 0.28 | 0.02 | 0.23 | 0.26 | 0.40

L0 | Total (I + IT) 0.50 | 0.63 | 0.41 | 0.59 | 0.52 | 0.79

Scan geometry (III) 0.63 | 0.63 { 048 | 0.31 | 0.22 | 0.13

Total (I + IT + I1I) 1.13 | 1.25 | 0.89 | 091 | 0.73 | 0.92

Surface albedo (I) 0.00 | 0.16 | 0.27 | 0.15 | 0.22 | 0.20

Altitude of aerosol (II) | 0.22 | 0.28 | 0.00 | 0.15 | 0.25 | 0.32

T, | 1.5 | Total (I+ 1) 022 | 044 | 027 | 0.30 | 0.47 | 0.53

Scan geometry (ITT) 0.66 | 047 | 042 | 032 | 0.24 | 0.12

Total (I + II + III) 0.88 | 0.91 | 0.69 | 0.63 | 0.71 | 0.64

Surface albedo (I) 0.00 | 0.06 | 0.11 | 0.27 | 0.13 | 0.19

Altitude of aerosol (I) | 0.38 | 0.25 | 0.00 | 0.27 - -

2.0 | Total (T +1II) 038 | 031 | 011 | 047 | - -

Scan geometry (III) 047 | 041 | 031 | 0.28 | 0.24 | 0.01

Total (I +1I + IIT) 0.84 | 0.72 | 0.42 | 0.75 - -

Surface albedo () 0.00 | 0.31 | 0.06 | 0.29 | 0.12 | 0.14

Altitude of aerosol (II) | 0.38 | 0.14 | 0.00 | 0.29 - -

2.5 | Total (1 +1I) 038 | 0.45 | 0.06 | 039 | - -

Scan geometry (IIT) 0.38 | 0.41 | 031 | 0.26 | 0.01 | 0.10

Total (I+ II + IIT) 0.75 | 0.86 | 0.38 | 0.65 - -

Surface albedo (I) 0.00 [ 0.02 | 0.03 | 0.30 | 0.15 | 0.07

Altitude of aerosol (fI) | 0.34 | 0.09 | 0.00 | 0.30 - -

3.0 | Total 1+ 1M 034 ] 0.11 | 003|082 | - -
Scan geometry (HI) 031 | 034 | 030 | 030 [ 0.01 | 0.01
Total (I + II + II) 066 | 045 | 033 | 1.08 | - -
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