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Abstract. For the intercomparison of tropospheric nitrogen 1  Introduction
dioxide (NQ) vertical column density (VCD) data from

three different satellite sensors (SCIAMACHY, OMI, and Three satellite sensors, SCIAMACHY (SCanning Imaging
GOME-2), we use a common standard to quantitatively eval-apsorption SpectroMeter for Atmospheric CHartograph)
uate the biases for the respective data sets. As the stanBovensmann et al., 1999), OMI (Ozone Monitoring Instru-
dard, a regression analysis using a single set of coIIocate%ent) (Levelt et al., 2006), and GOME-2 (Global Ozone
ground-based Multi-Axis Differential Optical Absorption \onitoring Experiment-2) (Callies et al., 2000), were all in
Spectroscopy (MAX-DOAS) observations at several sitesgrpjt together until April 2012, observing tropospheric nitro-
in Japan and China from 2006-2011 is adopted. Examinagen dioxide (N@) pollution on a global scale and providing
tions of various spatial coincidence criteria indicates that thelong-term data records (since 2002) of vertical column den-
slope of the regression line can be influenced by the spasities (VCDs). Observations by these satellite sensors were
tial distribution of NG over the area considered. While the performed at different local times, and the diurnal variation
slope varies systematically with the distance between theyattern seen in the NJata has been reported for various lo-
MAX-DOAS and satellite observation points around Tokyo cations over the world (Boersma et al., 2008). However, the
in Japan, such a systematic dependence is not clearly segfiurnal cycle observed by SCIAMACHY and OMI has been
and correlation coefficients are generally higher in compar-ajidated only over the Middle East, a region with highly ac-
isons at sites in China. On the basis of these results, we fogjye photochemistry (Boersma et al., 2009). The observations

cus mainly on comparisons over China and estimate the biof the diurnal variation are expected to provide additional
ases in SCIAMACHY, OMI, and GOME-2 data (TMANO2A  constraints to improve models, beyond a single VCD data

and DOMINO version 2 products) against the MAX-DOAS et at a specific local time (e.g., Lin et al., 2010). The com-
observations to be-5+ 14 %,—-10+ 14 %, andt-1+14%,  pined use of SCIAMACHY, OMI, and GOME-2 data is desir-
respectively, which are all small and insignificant. We sug- gp|e to improve our understanding of short-term variations in
gest that these small biases now allow for analyses combinghemistry, emissions and transport of pollution. There have
ing these satellite data for air quality studies, which are moreyeen, however, few studies attempting to quantify the biases
systematic and quantitative than previously possible. in SCIAMACHY, OMI, and GOME-2 data in a consistent
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manner based on comparisons with independent observarable 1. Site Information for MAX-DOAS Observations.
tions. In East Asia, validation comparisons for specific satel- -
lite data sets are very limited, except for the NASA OMI stan- _ Site Location Pericd Niotal
dard product (Irie et al., 2009). Here we present a consistent Tsukuba  36.05N, 140.12E 1 Nov 2006-16 Mar 2007 1005
Avic Di ; ; ; 1Jun2010-31 Dec 2011 5146
Qata set based on Multi-Axis leferentlal_ Optical Absorp Hedo 26.87N, 128.295E 30 Mer 2007-31 Dec 2011 16682
tion Spectroscopy (MAX-DOAS) observations performed at  yokosuka  35.32N, 139.65E 30 Mar 2007-31 Dec 2011 14708
several sites in Japan and China from 2006—2011. Because Tai'an 36.16N, 117.13E 28 May—29 Jun 2006 333
MAX-DOAS provides continuous measurements during the Mangshan  40.26N, 116.28 E 7 Sep—6 Oct 2007 165
. . . Rudong  32.26N,121.37E 14 May-23 Jun 2010 669
daytime, its data are used as a common reference to vali-
date all three satellite data sets. The present work focuses or} Measurements were not always made continuously in the period, for example,
. . . bi b Ili d MAX due to cloudy condition®. The total number of N@VCD data points available in
eStlmatmg representatlve 1as etween satellite an ~ the period® For two MAX-DOAS instruments directed to different azimuth
DOAS NGO, VCD data over East Asia for each satellite data angles.

set.

(e.g., Hhnninger and Platt, 2002;dthninger et al., 2004) —
performed at three sites in Japan and three sites in China (Ta-
ble 1 and Fig. 1). As can be seen in Fig. 1, the MAX-DOAS
measurements were conducted at various levels op NO

from SCIAMACHY, OMI, and GOME-2, all of which are : .
equipped with a UV/visible sensor measuring sunlight back_pollutlon, covering urban (Yokosuka, subqrban (Tsukuba)
around Tokyo, and remote areas (Hedo) in Japan and the

scattered from the Earth’s atmosphere and reflected by the ; ;)

. . ) northernmost (Mangshan), middle (Tai'an), and southern-
surface as well as the direct solar irradiance spectrum. SCIAFnost (Rudong) parts of the highly polluted area in China
MACHY was launched onboard the ENVISAT satellite in 9p gnly p ’

. his set of observations extends the data set used by Irie et
March 2.002' It passes over the equaFor a_t at.)OUt 10'0(.) L-li—l. (2009) for the validation of the NASA OMI N&standard
and achieves global coverage observations in six days, with a

spatial resolution of 6@ 30 k. OMI was launched aboard product. The present study additionally uses data for 2009—

the Aura satellite in July 2004. The equator crossing time2011 and data from the Mangshan and Rudong sites. The

is about 13:40-13:50LT. Daily global measurements areobservatlons atTai'an, Mangshan, and Rudong were made as

. o . : . part of intensive observation campaigns for a limited time pe-
aph|eved _by a wide field of view (F.OV) of _11,4m V.Vh'Ch 60 . riod of about 1 month for each site (Table 1). The instrumen-
discrete viewing angles (at a nominal nadir spatial resolution

of 13 24 ki) are distributed perpendicular to the flight di- tation and retrieval algorithm used for all the sites have been

rection. The GOME-2 instrument, launched aboard a MetOpdeSC”bed in detail elsewhere (e.g., Irie et al., 2008, 2009,

satellite in June 2006, has a ground-pixel size ok kir? 2011_, Takashimaetal., 2011, 2012). The_retneval utilizes ab
sorption features by Ngand the oxygen dimer () at 460—
(240x 40 kn? for the back scan) over most of the globe. . .
el ) . 490 nm. The NQ absorption cross section data of Vandaele
With its wide swath, near-global coverage (with an equa- .
. . ) . . et al. (1998) at 294 K were used. The quality of our DOAS
tor crossing time around 09:30LT) is achieved every day.

While observation specifications are thus somewhat differenfgﬁﬁzlsir:zis:ﬁﬁort%i:éf?rergﬂesnetmﬁ:Ir:)?hlgrtel\r/l?)rz %%ign
between the three sensors, tropospheric MCD data re- 99 9

. e 0 .
trieved with the same basic algorithm (DOMINO products observations to withinv 10 % of other instruments for both

NO, and Q, differential slant column densitieaSCD) and
for OMI and TMANO2A products for SCIAMACHY and or both the UV and visible regions (Roscoe et al., 2010).
GOME-2) (Boersma et al,, 2004, 2007, 2011) are compare he @, ASCD values derived from the DOAS analysis are
in detail with MAX-DOAS data below. The error in the satel- y

. . : L converted using our aerosol retrieval algorithm (e.g., Irie et
lite tropospheric N@VCD data includes uncertainties in the al., 2008) to aerosol optical depth and the vertical profile of

slant column, the stratospheric column, and the tropospherifhe aerosol extinction coefficient. At the same time, the so-

air mass factor (AMF) (Boersma et al., 2004), and can be : . . . )
expressed as 1 x 101 molecules cm?+ 30 % for polluted called box AMF is uniquely determined, as it is a function of

e . . . the aerosol profile. Using this AMF information and a non-
situations. Comparisons are made for the version 2 retneval? . L .
" : . Inear iterative inversion method, the NASCD values are
under cloud-free conditions, i.e. cloud fraction (CF) less than : . X
20% converted to the tr(_)pospherlc VC_ZD and the vertical profile of
' NO». Error analysis for the retrieved NO/CDs has been
done based on the method described by Irie et al. (2011). For
3  MAX-DOAS observations an NGO VCD of about 100x 10 molecules cm?, typical
random errors were estimated to be $0'* molecules cm?
Here we briefly describe ground-based MAX-DOAS mea- (5 %). Systematic errors due to uncertainty in the AMF deter-
surements — scattered sunlight observations in the UV/visiblenination, which is likely the dominant source of systematic
at several elevation angles between the horizon and zenitbrror in our profile retrieval method, were estimated to be

2 Satellite observations

The present study targets tropospheric ;N@CD data
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Fig. 1. Locations of MAX-DOAS observations on a monthly mean & o i
map (0.8 grid) of GOME-2 tropospheric N® VCD data in I ’:3‘7 G, 53,_ ] Coincidence<0.20° |
May 2010. QLA = , . CF<02 | :
0 2 4 6 8 10 12
7 x 10 molecules cm? (7 %). For the present study, addi- MAX-DOAS

tional sensitivity analysis is performed using a different fit- Fio, 2. Comelations between tropospheric MO VCDs

ting window for NG, (425-450nm) and different NiXross (1%16 moleculescm?) from OMI and pMA?X-DOASbl observa-
section data (at 220K). The errors were estimated by a Mangons at a coincidence criterionf of 0.2(°. Comparisons over

ner similar to Takashima et al. (2012) to be abe®% (the  Tsukuba, Hedo, and Yokosuka are shown in blue, green, and gray,
VCD retrieved from 425-450 nm is smaller) an@3 % (the  respectively, and campaign-based short-term observations in China
VCD retrieved using the cross section at 220K is smaller).are shown in red. Error bars for both OMI and MAX-DOAS data
Scaling the latter estimate to the actual temperature variatiomre shown only for comparisons over Tsukuba at MAX-DOAS
below 2 km (possibly cooled down te 260K at an altitude ~ NO VCDs larger than k 101® molecules crn, for clarity. Linear

of 2km) yields—11%. This value could be smaller, since regression analysis has been performed for the respective cases
NO, should be abundant near the surface, where the temper- (Tokyo case; blue) and 2 (Chinese case; red), where the slopes
ature is usually warmer than 260 K and occasionally can eX_of their regression lines are constrained mainly by comparisons

ceed 294 K. However. we quantified the overall uncertaint made around Tokyo (Tsukuba and Yokosuka) and at China sites
) ! 4 y(Tai’an, Mangshan, Rudong), respectively. Hedo data are used in

0, - -
to be 14% as the root-mean §quare§ of all the above eSt_both regression analyses but do not constrain the slope much, since
mated errors. The representative horizontal distance for aif,o comparisons at other sites are made over a wide range of NO

masses observed by MAX-DOAS was estimated to be abouycp values. For each case, the slope, correlation coefficiefi, (
10km (Irie et al., 2011), a magnitude comparable to or bettefand number of data pointa/( are given in the plot.
than the satellite observations. The temporal resolution was
30 min, which corresponds to a complete sequence of eleva-
tion angles. In the present study, a comparison is made onlground observation sites, as discussed later. Two regres-
when the time difference between MAX-DOAS and satellite sion lines are shown in Fig. 2. The one shown in blue has
observations was less than 30 min. been drawn from comparisons for Tsukuba, Yokosuka, and
Hedo. The regression line shown in red was obtained from
comparisons for three Chinese sites (Tai'an, Mangshan, and
4 Results and discussion Rudong) and Hedo. The respective cases are called here-
after the Tokyo case and the China case. For the Tokyo case
Here we compare MAX-DOAS observations performed in the slope is controlled mainly by data from Tsukuba and
Japan and China from 2006—-2011 with all three types ofYokosuka (both located around Tokyo), as their data are dis-
satellite products in a consistent manner. In Fig. 2, compariributed over a wide range of NOvalues compared to the
isons between MAX-DOAS and OMI tropospheric NEbI- Hedo data. Similarly, for the China case the slopes are con-
umn data are made only if the center of the OMI pixel is trolled by data from the three Chinese sites. For compar-
within 0.2 latitude and longitude of a MAX-DOAS ob- isons over Hedo (shown in green), which is located in a re-
servation point. This coincidence criterion is hereinafter de-mote area, both satellite and MAX-DOAS data consistently
notedx. The coincidence criteriom of 0.20 is first tested  show very small N@ VCD values, compared to the other
here, while the comparison results could be affected by thesites. The same features were seen for all the other cases
choice of x according to the spatial distribution of NO investigated in this study. Considering this, the regression
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Fig. 3. Same as Fig. 2 but the first, second, and third rows are for SCIAMACHY, OMI, and GOME-2, respectively. For each satellite sensor,
three plots using different coincidence criteria 6f 0.4C°, 0.6, and 1.00, with MAX-DOAS are given.

analysis has been made with the intercept forced to be zero, In Fig. 2, we find that the slopeH its 1o standard devi-

in order to simplify the interpretation of changes in the bias ation) is almost unity at.D3+ 0.02 for the China case. The
estimated from the slope of the regression line under varcorrelation coefficientg?) is as high as 0.78. On the other
ious conditions. When the intercept is set as a variable, ithand, for the Tokyo case the slope atflare 063+0.01 and

is calculated to be.# x 10> molecules cm?. This is small  0.69, respectively. When we perform the correlation analysis
compared to the range of NO/CD data plotted in Fig. 2  under conditions similar to those for the comparisons at the
but is larger than the error quoted for the satellite retrievalChinese sites, in terms of the number of data points and sea-
(~ 1.0 x 10 molecules cm? + 30 %). Furthermore, for ex-  son, the slope an? were found to be essentially unchanged
ample, comparisons between MAX-DOAS and GOME-2 un- at 068+ 0.04 and 0.64, respectively. Also, analysis made
der the same conditions as in Fig. 2 reveal that the interunder the same aerosol conditions using the MAX-DOAS
cept is as large as.®x 10° moleculescm? and is incon-  aerosol optical depth (AOD) data at a wavelength of 476 nm
sistent with that estimated from the comparisons with OMI. reveals an insignificant impact by aerosols; at AOD smaller
We found that the intercept and therefore the slope tend to bégreater) than 0.8 the slopes for the China and Tokyo cases
influenced, at least when the number of comparisons is to@re 104+ 0.04 (1024 0.05) and 064+ 0.02 (0.62+ 0.05),
small. This could complicate the interpretation of the changerespectively. The AOD threshold of 0.8 is taken from the
in slopes over different sensors and various coincidence cristatistics of retrieved AOD values at Tai'an (Table 3), in or-
teria. der to evenly distribute the data to high and low AOD cases.

Atmos. Meas. Tech., 5, 2403411, 2012 www.atmos-meas-tech.net/5/2403/2012/
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Table 2. Median values of tropospheric N@olumns and AOD for data used in the SCIAMACHY/MAXDOAS correlation analysis with
x = 0.50°. Values in parentheses represent the 67 % range.

Site SCIAMACHY NG, MAX-DOAS NO» MAX-DOAS AOD
(10'® molecules cm?) (10 molecules cm?)  at 476 nm
Tsukuba 5.9 (+3.6/2.3) 11.0 (+6.144.9) 0.29 (+0.65+0.18)
Hedo 0.5 (+0.540.4) 0.9 (+0.5/-0.4) 0.49 (+0.33£0.31)
Yokosuka  15.3 (+11.6/7.5) 22.6 (+20.3-12.4) 0.34 (+0.24/0.16)
Taian 12.6 (+1.2/-3.8) 10.0 (+3.841.9) 1.37 (+0.0940.34)
Mangshan 17.5%) 15.9 (~) 0.60 (-)
Rudong 4.9¢) 9.7 (-) 1.38 (-)

* Insufficient number of data points.

Table 3.Same as Table 2 but for comparisons with OMI.

Site OMI NG, MAX-DOAS NO» MAX-DOAS AOD
(10'® molecules cm?)  (10'° molecules cm?)  at 476 nm
Tsukuba 5.5 (+4.9/2.6) 9.9 (+9.945.3) 0.38 (+0.2440.20)
Hedo 0.7 (+0.540.5) 0.7 (+0.5/-0.3) 0.49 (+0.40£0.31)
Yokosuka  10.5 (+8.6/4.9) 19.1 (+18.712.1) 0.35 (+0.23/£0.17)
Tai'an 6.7 (+1.4+1.8) 6.5 (+1.3+0.8) 1.06 (+0.10£0.48)
Mangshan 9.1 (+0.6/0.6) 13.8 (+0.0+0.0) 0.18 (+0.03+0.03)
Rudong 2.2 (+1.541.1) 0.8 (+1.4+0.1) 0.53 (+0.174-0.18)

-
o
—

Slope
[e]
[8)]
]
1

00: .SCIIA!VIA:CE-’IYIO!\AI; G.OI\IIIE:2; P e 0.0 SCIAMACHY OMI GOME-2 . . . (b)t
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
Coincidence x (degrees) Coincidence x (degrees)

Fig. 4. (a)Slopes andb) R? of the regression lines as a function of Fig. 5. Same as Fig. 4 but for case 2 (China case).
coincidence criterion between satellite and MAX-DOAS observa-
tions for case 1 (Tokyo case)

with various coincidence criteria. We test 15 different coin-

cidence criteriax = 0.05°, 0.10, 0.1%, 0.2C, 0.25, 0.30,
Tai'an is the site that most contributes to the China case re0.3%, 0.4, 0.4%, 0.5¢, 0.6¢°, 0.7¢, 0.8C, 0.9C¢, and
sults for comparisons with OMI. For reference to the situa-1.00°. The results fox = 0.40°, 0.60°, and 1.00 are high-
tions around the measurement sites, median values of tropdighted in Fig. 3. Variations of the slope amitf over x are
spheric NQ columns and AOD for data used in the satellite summarized in Figs. 4 and 5 for the Tokyo and China cases,
vs. MAX-DOAS correlation analysis are summarized in Ta- respectively.
bles 2, 3, and 4. A of 0.5C is used instead of 0.2Q0 For the Tokyo case, it can be seen that the slopes of
improve the statistics. the regression lines tend to be smaller when a looser co-

To investigate the cause of the difference between thancidence criterion is used, for all comparisons with SCIA-

slopes of the China and Tokyo cases, we make comparisonglACHY, OMI, and GOME-2. It is thought that tropospheric

www.atmos-meas-tech.net/5/2403/2012/ Atmos. Meas. Tech., 5, 240134, 2012
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Table 4. Same as Table 2 but for comparisons with GOME-2.

Site GOME-2 NG MAX-DOAS NO» MAX-DOAS AOD
(10 molecules crm?)  (10'° molecules cm?)  at476 nm

Tsukuba 6.7 (+6.3/2.3) 11.2 (+7.0+4.8) 0.53 (+0.23£-0.34)
Hedo 0.6 (+0.510.4) 0.8 (+0.5-0.3) 0.44 (+0.45£0.27)
Yokosuka  13.1 (+10.3/6.0) 23.7 (+18.9413.1) 0.36 (+0.26£0.19)
Tai'an *_ (*_) *_ (*_) *_ (*_)

Mangshan 7.5%) 119 () 0.16 (¢-)

Rudong 6.6 (+7.147.4) 4.1 (+12.741.1) 0.35 (+0.35£0.10)

* Insufficient number of data points.

Yokosuka ]
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Fig. 6. Dependence of satellite-retrieved troposphericoNADs on the coincidence criterion over each measurement site. Differences
from VCDs atx = 0.50° are shown in per cent. Mean values for data compared with MAX-DOAS are plotted. Error bars repeesent 1
standard deviations.

NO, VCD values in the surrounding areas of Yokosuka andvalue of 0.50, which provides robust statistics as the standard
Tsukuba sites usually drop quickly, owing to limited NOx for all sensors at a relatively small

source regions. For a largerthere should be a higher prob-  The Yokosuka site is surrounded by industrial facilities,
ability that the satellite footprints include clean air masses,ocean (Tokyo Bay), heavy ship activity, etc., resulting in a
and this can lower both the slope aRd. These expected large range of tropospheric NO/CDs but more scatter in
features of the spatial distribution are confirmed by satellitethe correlation, compared to the Tsukuba data (Figs. 2 and
data only (Fig. 6). In Fig. 6, the satellite tropospheric NO 3). To better address such influences of spatial inhomogene-
VCD values selected for regression analysis are plotted as #y within a satellite pixel, validation observations covering
function of a given coincidence criterianfor each measure- several points in a satellite pixel at the same time would be
ment site. Only data compared with MAX-DOAS are used. desirable (e.g., Piters et al., 2012).

The NGO, VCD values are differentiated from the NO’CD In Fig. 7, monthly-mean values of tropospheric NO
at x = 0.50°. While values other than 0.50 can be used toVCDs retrieved from satellite observations over Yokosuka
check the dependence of NQYCD on x, we choose the are plotted. The color represents the spatial grid size for
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Table 5. Estimated Biases in Satellite Tropospheric NRroducts ~ 40 Yokosuka
i inci I I o T T T T T T T T T T
for Different Coincidence Criterion Thresholds. E b B SCIAMACHY ]
Sensor x <05° x <1.0° "o 20 L 2 & ‘ 0
SCIAMACHY —5+14% 0+14% < 10kg © 88 6605 88 O 6
OMI _loj: 14% _Sj: 14% g 0 1 1 1 1 1 1 1 1 1 1 1 1
GOME-2 +1+14% —10+14% T [ — 10
5 3o} M3 Rosx
Eo 202 & 0] .- i ] 0.6§
, T80 8A 8O (%8
averaging; forx = 0.2°, for example, an average for NO o) 00 © 66 o0 -
VCDs within 0.2 latitude and longitude of Yokosuka is £ O0—+—"—"—"—"— — '
shown. As the degree of the spatial inh it ied °C 40T T T T T T " GOME-2.
own. As the degree spatial inhomogeneity varied “¢ " GOME-2
with time significantly, it was difficult to uniquely determine  _© 30F R 89 8 E
the best single choice of as a typical spatial scale for the "2 20F, . i C &
bias estimate. < 10O & 0c0R08680805
Results of the estimated slopes akéifor the Chinacase 2 (b -Add Add il Ad
are shown in Fig. 5. Results with an insufficient number of 123 45 67 8 9101112
Month (2010)

comparisons (less than 3) at Chinese sites have been omittec.

It pan be seen that the SIOpE_}S slowly vary witfbut the V;;%" Fig. 7. Dependence of satellite-retrieved troposphericoNGCDs
ations are not as systematic as those of the Tokyo €. on the spatial grid size used for averaging (corresponding to the

values are greater than 0.6 for all comparisons and usuallygincidence criterior) around Yokosuka for each month in 2010.
higher than those for the Tokyo case (Figs. 4 and 5). Furthera|| available cloud-free satellite data are used.

more, dependencies of satellite-retrieved tropospherig NO

VCDs onx are not as systematic as those seen at sites of
the Tokyo case (Fig. 6). These suggest that the spatial distri- . . . .
butions of tropospheric NOVCDs around the Chinese sites Tokyo case (Fig. 4), supporting the conclusion that differ-

during the observation periods were rather homogeneous an ces among biases for all sensors are small, as found from
therefore appropriate for bias estimates. the China case. Thus, our study confirms the hypothesized

For the China case, by simply averaging the slopes Oveponsistent quality KNMI products retrieved with the new

the entirex range, the biases with respect to MAX-DOAS met_hod of Boers_ma etal. (2(.)1.1.)' .
observations are estimated to be-04 %, —8+ 14 %, and Finally, there is the possibility that the biases between

—10+ 14 % for SCIAMACHY, OMI, and GOME-2, respec- satellite and MAX-DOAS data are not necessarily constant

tively (Table 5). The error is calculated as the root-sum-C°Ver location and time. To address this issue, the precise val-

squares of the uncertainty of the slope and the uncertainty?ation for MAX'DOA.S retrievals and/or more systematic
of the MAX-DOAS NQ; retrieval. It is expected, however, AX-DOAS observations would be essential.
that the validation comparison can be more precise using a
stricter coincidence criterion owing to the increased proba-
bility of observing the same air masses by a satellite sens Conclusions
sor and MAX-DOAS. Considering this, our best estimates
of the biases from slopes at a strictange below 0.50are ~ To quantify the biases in the tropospheric N®CD data
—54+14%,—-10+ 14 %, ancdH-1 + 14 % for SCIAMACHY, from SCIAMACHY, OMI, and GOME-2 in a consistent
OMI, and GOME-2, respectively (Table 5). Thus, we con- manner, we created a single data set from MAX-DOAS
clude that the biases are less than about 10 % and insignifebservations performed at three sites in Japan and three
cant for all three data sets. sites in China from 2006-2011. Regression analysis be-
Note that considering the error quoted for satellite re-tween satellite and MAX-DOAS tropospheric NG&/CDs
trievals ¢~ 1 x 101> molecules cm? + 30 %), the estimate bi- showed that the slope of the regression line tends to be bi-
ases may be invalid, at least, for NOCD values smaller ased by the distance between MAX-DOAS and satellite ob-
than~ 1 x 10 molecules cm?. Also, the estimated biases servation points, due to a difference in the spatial representa-
could vary by changing the range, but we note that the tiveness between MAX-DOAS and satellite observations un-
slopes are all less than 20 %, irrespective of the choice ofler loose coincidence criteria. This feature is more clearly
x (Fig. 5). In the above bias estimates, the slopes for theseen around Tokyo with strong spatial gradients in air pol-
Tokyo cases are not included, as the slopes vary significantution. These results serve as a guideline for future satel-
with x. However, very similar slopes are obtained for all lite validation, in terms of the choice of coincidence criteria
comparisons with SCIAMACHY, OMI, and GOME-2 in the and validation sites. We recommend conducting validation

www.atmos-meas-tech.net/5/2403/2012/ Atmos. Meas. Tech., 5, 240134, 2012
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observations under relatively homogeneously polluted con-Callies, J., Corpaccioli, E., Eisinger, M., Hahne, A., and Lefebvre,
ditions. From the slopes of the regression lines for strict A.. GOME-2- Metop’s second-generation sensor for operational
coincidence criteria, we estimated biases in SCIAMACHY, ©0zone monitoring, ESA Bull., 102, 28-36, 2000.

OMI, and GOME-2 data to be 5+ 14 %,—10+ 14 %, and Honninger, G. and Platt, U.: Observations of BrO and its vertical
+1-£14 %, respectively, compared to the MAX-DOAS data. d_istribution during surface ozone depletion at Alert, Atmos. En-
Thus, we conclude that the biases are less than about 10 %, ¥on-» 36, 2481-2489, 2002.

N . . ) onninger, G., von Friedeburg, C., and Platt, U.: Multi axis dif-
and insignificant for all three data sets. With a considera- " = optical absorption spectroscopy (MAX-DOAS), Atmos.

tion of thgse characteristicg, the present s'tudy.encou.rages the chem. Phys., 4, 231—25d0i:10.5194/acp-4-231-2002004.
combination of these satellite data to realize air quality stud-je _ Kanaya, Y., Akimoto, H., Iwabuchi, H., Shimizu, A., and
ies that are more systematic and quantitative than previously aoki, K.: First retrieval of tropospheric aerosol profiles using
possible. MAX-DOAS and comparison with lidar and sky radiometer mea-
surements, Atmos. Chem. Phys., 8, 341-361,10.5194/acp-8-
341-20082008.
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