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Abstract. This paper presents a validation study of SCanningl Introduction
Imaging Absorption SpectroMeter for Atmospheric Cartog-
rapHY (SCIAMACHY) carbon monoxide (CO) total col- _ _ )
umn measurements from the Iterative Maximum Likelihood The SCIAMACHY instrument (SCanning Imaging Absorp-
Method (IMLM) algorithm using vertically integrated profile tion SpectroMeter for Atmospheric CartograpHY; launched
aircraft measurements obtained within the MOZAIC project March 2002) onboard of the ENVISAT satellite (Bovens-
for the six year time period of 2003—2008. mann et al., 1999) has been providing carbon monoxide (CO)
Overall we find a good agreement between SCIAMACHY Measurements based on reflected sunlight measurements in
and airborne measurements for both mean values — also o€ short-wave infrared around 2.3 um from 2003 onwards.
a year-to-year basis — as well as seasonal variations. Severf of this moment, from the perspective of instrument char-
locations show large biases that are attributed to local effect@cteristics six years of reliable data is available (2003-2008).
like orography and proximity of large emission sources. Dif-  Initially, several algorittms were developed by differ-
ferences were detected for individual years: 2003, 2004 an@nt research groups and some initial evaluation was pre-
2006 have larger biases than 2005, 2007 and 2008, which agented, indicating that SCIAMACHY was able to mea-
pear to be related to SCIAMACHY instrumental issues butSure CO (Buchwitz et al., 2004, 2006, 2007; Dils et al.,
require more research. Results from this study are consisterg006; Sussmann and Buchwitz, 2005; Warneke et al., 2005;
with, and complementary to, findings from a previous vali- Gloudemans et al., 2006). The Iterative Maximum Like-
dation study using ground-based measurements (de Laat dpood Method developed at the Netherlands Institute for
al., 2010b). According to this study, the SCIAMACHY data, Space Research (SRON) has been further improved based on
if individual measurements are of sufficient quality — good several additional studies (Gloudemans et al., 2008, 2009;
signal-to-noise, can be used to determine the spatial distride Laat et al., 2010a, b). More recently, new SCIAMACHY
bution and seasonal cycles of CO total columns over clearfO total column retrieval algorithms have been introduced
areas. Biases found over areas with strong emissions (AfricdGimeno Garcia et al., 2011; Liu et al., 2011).
China) could be explained by low sensitivity of the instru- D€ Laatet al. (2010b) presented an extensive validation of
ment in the boundary layer and users are recommended tdMLM) retrieval algorithm by comparing the SCIAMACHY
avoid using the SCIAMACHY data while trying to quantify measurements with ground-based spectrometer (GBS) ob-

CO burden and/or retrieve CO emissions in such areas. ~ Servations for the five year period 2003-2007. In summary,
de Laat et al. (2010b) found that overall there was a good

agreement between SCIAMACHY and GBS observations
for both mean values as well as seasonal variations. Val-
idation results were robust with regard to the choices of
the instrument-noise error filter, sampling area, and time
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averaging required for the validation of SCIAMACHY CO fer to Gloudemans et al. (2008, 2009). This spectral region
total column measurements. is sensitive to the whole column, with almost uniform sen-

However, de Laat et al. (2010b) also noted that validationsitivity from 200 hPa down to the surface (Gloudemans et
was hampered by local emissions, station elevation effectal., 2008). In this paper, we assume that the SCIAMACHY
and the large instrument-noise errors of individual SCIA- CO total column is the real total column. Gloudemans et
MACHY measurements. Furthermore, it was noted that theal. (2009) and de Laat et al. (2010a) provide a detailed dis-
spatial coverage of the GBS observations available for thecussion of SCIAMACHY averaging kernels and estimated
validation of the 2003-2007 SCIAMACHY CO columns is that the effects of the SCIAMACHY CO a priori and aver-
sub-optimal for global validation purposes. aging kernel were of the order of only a few percent which

To further investigate the quality of SCIAMACHY IMLM  falls well within the estimated precision of SCIAMACHY
CO we present a brief validation study using Measurementsneasurements~10 %, see further de Laat et al. (2010a),
of OZone, water vapour , carbon monoxide and nitrogen ox-thereby justifying the assumption that SCIAMACHY CO
ides by in-service Alrbus aircraft (MOZAIC) (Marenco et al., total columns can be regarded as true total columns.

1998). MOZAIC provides CO vertical profiles atascends and Single SCIAMACHY CO measurements have large
descends around airports that can be converted to partial C@strument-noise errors — typically of the order of 10—
columns — as the aircrafts do not observe beyond about 12 krt00% of the total CO column value (de Laat et al.,
altitude. The missing partial column above 12km can be2007). Hence, obtaining valuable information about CO from
quantified from model simulations to derive a total CO col- SCIAMACHY requires averaging multiple measurements
umn that can be compared with the SCIAMACHY measure-and weighing them with their corresponding instrument-
ments. The MOZAIC measurements provide a different in-noise errors. Several studies have shown that reducing the
dependent dataset to compare with, and measurements covieistrument-noise error by averaging multiple measurements
areas not sampled by the GBS network. In addition, mostyields useful information about CO (de Laat et al., 2006,
MOZAIC profile measurements used for validation are made2007, 2010a, b; Gloudemans et al., 2006, 2009). De Laat
close to large cities and industrialized regions — both impor-et al. (2007) estimated the precisions of SCIAMACHY CO
tant sources of CO emissions. Validation with MOZAIC data averages at approximatelysd10'” molecules cm?.

thus provides crucial information on the ability of SCIA-  Similar to Gloudemans et al. (2009) and de Laat et
MACHY to measure near surface CO, which is importantal. (2010a, 2010b), we use SCIAMACHY CO observa-
for estimating CO emissions from satellite measurementstions over both land and oceans. Over land, only SCIA-
The GBS network used in the validation study by de Laat etMACHY observations with cloud fractior: 20 % are used.

al. (2010b) is mostly located in scarcely populated regions.Over oceans, measurements over low altitude clouds be-
The validation period considered in this paper is 2003—2008fween the surface and 800 hPa are used. For both land and
so compared to de Laat et al. (2010b) the year 2008 is novoceans, only measurements with instrument-noise erors
also included for which no previous validation study has beenl.5 x 108 molecules cm? are used. Previous studies did not
performed. indicate systematic differences due to cloud fractiarz0 %

This paper is organized as follows. Section 2 describes théde Laat et al., 2007). The effect of aerosols has previously
measurement data and transport model TM5, Sect. 3 presenteen estimated to be less than 5% (de Laat et al. 2007, and
the results of the comparison between SCIAMACHY and references therein).

MOZAIC measurements which are discussed in Sect. 4. This greatly improves spatio-temporal coverage as dis-

Section 5 ends the paper with some conclusions. cussed in these papers. However, using measurements over
low altitude clouds means that only the partial CO column
above the cloud is observed. The missing below-cloud CO

2 Datasets partial column is estimated from TM5 model results and
added to the SCIAMACHY measurements where applica-
2.1 SCIAMACHY ble. This contribution is quantified and summarized for all

comparisons (see Table 1).
For this study we use SCIAMACHY CO total columns re-
trieved with the IMLM algorithm version 7.4 in the short- 2.2 MOZAIC
wave infrared wavelength range between 2324.5-2337.9 nm.
The retrieval method described here is based on an IteraMOZAIC was initiated in 1993 by European scientists, air-
tive Maximum Likelihood Method (IMLM). The forward craft manufacturers and airlines to better understand the natu-
model includes the atmospheric absorption and the instrural variability of the chemical composition of the atmosphere
ment characteristics. The IMLM algorithm fits a model of and how it is changing under the influence of human activ-
the expected detector signal to the measurements by varyinity, with particular interest in the effect of aircraft emissions.
the total amounts of the trace gases that play a role in theMOZAIC consists of automatic and regular measurements of
selected retrieval window. For more algorithm details we re-reactive gases by five long range passenger airliners. A large
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Table 1. A is the mean difference between SCIAMACHY and MOZAIC CO total columng {fiblecules cm? and percentage)r is

the mean root-mean-square difference between SCIAMACHY and MOZAIC CO total columhanfbecules cri? and percentageR

is the Pearson’s correlation coefficient for the comparison between SCIAMACHY and MOZAIC CO total colinsthe total number

of SCIAMACHY-MOZAIC comparison values. OCE is the estimated below cloud partial CO column for SCIAMACHY CO total column
measurements over low altitude clouds over oceans (hdlecules cm2 and percentage). Note that for many grids, SCIAMACHY averages

are based on both land and ocean measurements (see also PIX OCE). PIX OCE is the fractional part of SCIAMACHY measurements taken
over low altitude ocean clouds for that particular grid box. UTLS is the TM5 estimated CO column above the maximum height of the
MOZAIC profile (percentage of the MOZAIC total columri.= mean elevation with 8x 8° comparison grid (meters). The first column

(S) refers to the areas and cities in Fig. 2 and Table 2, respectively.

S Lon Lat A(10Y) A %) o (10Y) o (%) R N OCE@1@") OCE (%) PIXOCE (%) UTLS (%) Z(m)

1 -120 34 -37 -17 41 19 061 75 1.6 8 94 6 407

2 —120 42 -41 -18 3.3 15 070 20 0.2 1 39 5 1165

3 —120 50 -32 -15 4.1 19 047 46 <01 <1 1 5 954

4 -—96 34 -30 -14 45 21 041 90 <0.1 <1 1 9 263

5 -80 34 -15 -7 4.7 21 037 108 15 7 95 8 150

6 -8 42 -33 -14 3.6 15 054 35 0.0 0 0 7 228

7 -80 42 -30 -13 4.4 19 038 66 0.0 0 0 8 249

8 -—72 42 -30 -12 35 14 050 143 37 15 99 9 127

9 -—72 50 -1.1 -5 5.9 27 -011 22 0.0 0 3 5 400
10 -64 10 —-43 -19 55 25 007 42 1.0 5 100 10 116
11 0 10 -11.2 -36 9.5 31 012 26 <0.1 <1 18 9 230
12 16 —22 -1.1 -7 4.1 27 056 211 0.2 1 59 10 917
13 0 50 —24 -11 35 16 053 76 2.6 12 96 9 81
14 8 50 -1.4 -6 4.3 20 048 114 1.2 6 77 6 362
15 16 50 -0.7 -3 4.4 21 044 96 <01 <1 6 5 314
16 32 18 -54 25 5.2 24 008 14 0.0 0 0 10 429
17 32 26 -53 24 3.8 17 017 20 <01 <1 8 8 300
18 32 34 -52 24 3.6 16 041 62 0.4 2 56 1 326
19 48 26 —26 -13 4.2 21 002 31 <01 <1 14 10 346
20 56 26 -35 -17 3.2 15 042 68 0.1 <1 39 12 520
21 48 34 117 —40 12.0 41 007 68 <01 <1 26 5 1119
22 112 26 -0.2 0 8.3 27 022 21 1.7 6 91 9 363
23 120 34 -3.0 -9 9.1 27 035 30 3.9 12 98 12 56
24 112 42  -215 57 16.4 43 002 54 0.0 0 0 3 1132
25 80 18 -0.7 -3 5.4 25 031 75 0.1 <1 42 10 311
26 80 26 -39 -16 47 20 005 53 0.0 0 0 10 648
27 104 10 -26 -11 3.1 13 0.46 8 1.8 8 100 11 65
28 96 18 -43  -17 7.8 31 —-052 15 0.7 3 72 9 360
29 136 34 -32 -1 5.9 22 038 105 4.2 16 100 6 112
30 144 34 -37 -14 5.2 19 035 57 35 13 100 5 9

database of measurements (about 30 000 flights since 19983 Global chemistry-transport model TM5
allows studies of chemical and physical processes in the at-
mosphere, validations of global chemistry transport modelsVe use the TM5 chemistry-transport model for the years
and satellite retrievals. MOZAIC data provide detailed clima- 2003 to 2008 to quantify various effects that are important
tologies of trace gases at 9—12 km. MOZAIC data also pro-for the comparison of SCIAMACHY and MOZAIC mea-
vide frequent vertical profiles over a large number of airports.surements. This model is an update from the TM4 model
These vertical profile measurements of CO will be used toused in de Laat et al. (2007, 2010a, b) and Gloudemans et
calculate CO total columns (see further Sect. 2.4). Evalu-al. (2009). A detailed description of the model can be found
ation of MOZAIC CO measurements indicates a precisionin Huijnen et al. (2010). The horizontal resolution of this
of +5%, which is sufficiently accurate for validation pur- TM5 version is 3 x 2° longitude-latitude with 34 vertical
poses (Nedelec et al., 2003). For more information about thdevels. Meteorological ECMWF operational analysis input
MOZAIC program see Marenco et al. (1998) or the websitefields used in TM5 are pre-processed as described in Breg-
found athttp://mozaic.aero.obs-mip.fr man et al. (2003). Biomass burning emissions are taken from
the Global Fire Emissions Database, version 2 (GFEDv2)
8-day emission inventory (Van der Werf et al., 2006). The
biomass burning emissions are distributed over different alti-
tude ranges, depending on the latitude. The emission heights
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are similar to those described in Dentener et al. (2006), ex- TM5 (MOZAIC) "missing” CO subcolumn to TM5 total CO column
cept the injection height in the tropics is increased to 2km  °[ ‘ 28 : ]1°
based on the evidence from recent satellite observations
(e.g. Labonne et al., 2007). Anthropogenic emissions are
based on the present-day anthropogenic emissions from the
inventory from the RETRO project for the year 2000 (Schultz
et al., 2007), while East Asian anthropogenic emissions areg
replaced by the REAS inventory (Ohara et al., 2007). For 8
biogenic emissions climatological, values are used as derivec
from GEIA (Global Emissions Inventory Activity (Guenther
etal., 1995)).

Validation of TM5 simulated CO against various types L
of measurements indicates that the model produces realistic o _J/. .. |
seasonal cycles, but tends to underestimate CO in the North-  ©
ern Hemisphere by 10-20 % depending on the season with
larger differences during winter (Huijnen et al, 2010). This Fig. 1. Probability distribution of the partial CO column “missed”
is consistent with findings of Elguindi et al. (2010) who re- by MOZAIC due to the maximum altitude of MOZAIC CO profiles
port that the model tends to underestimate CO. Shindell ePased on cqllocated TM5 simulate(_:i CO profiles. The “missing” par-
al. (2006) report that transport models in general tend to un_tlal column is expressed as a fraction of the tot.al column. Indlcgted
derestimate CO. These discrepancies have been attributed ¢ 2IS0 cumulative counts, the mean and median values (solid lines)

. . . o .—and the 5% and 95/97/99 % occurrence intervals (dashed lines).
various causes, including hydrocarbon oxidation, uncertain-
ties in the seasonal cycle of anthropogenic emissions and
biomass burning injection heights and vertical redistribution.

Elguindi et al. (2010) also suggest that part of the discrep- Note that rather than adding the model estimate of the
ancy might also be related to the fact that model grid boxeamissing column to the MOZAIC partial column, it is also
are compared to point measurements, particularly near theossible to scale the MOZAIC partial column with the mod-
surface. Given that the model results are only used for quaneled ratio of the total column over the modeled partial col-
tifying missing subcolumns — either for SCIAMACHY mea- umn. However, an evaluation of results from both methods
surements over clouded ocean scenes or for the CO columyielded very similar total column estimates, indicating that
above the maximum MOZAIC profile altitude — the Northern results are robust with regard to the choice for correcting for
Hemisphere TM5 model bias can be considered to be only othe “missing” part in the MOZAIC profiles.

mean‘= 9.4 %
median = 8.0 % i
5%=35% 4
95% =19.0 % 180
97%=215% 4
99% =28.0 % 4

—60

cumulative counts [%]

200

fraction [%)]

secondary importance. The comparison between SCIAMACHY and MOZAIC is
. . o hampered by the limited number of true collocations because
2.4 Post processing and selection criteria of the SCIAMACHY spatial resolution and cloud cover and

by the large instrument errors of individual SCIAMACHY
measurements. De Laat et al. (2010b) introduced an aver-
aging method in which for a given spatial area all SCIA-

For comparing SCIAMACHY and MOZAIC measurements
we use the following procedure, which is based on the

methodology presented in de Laat et al. (2010D). MACHY measurements within a certain time interval were
MOZAIC profiles are converted to partial columns. In Or- gyeraged. The length of the time interval was chosen such
der to ensure that the MOZAIC profile measurements arg, ¢ instrument-noise error of the average SCIAMACHY CO
representative for a significant part of the troposphere, we.gjumns was & 10" molecules cmi2 or smaller. which is
only select profiles that start below 800 hPa and measure af,, estimate of the measurement accuracy based on both
least up to 300 hPa. The missing partial column above thggtrieval algorithm sensitivity studies as well as a detailed
highest altitude where MOZAIC measures is estimated fromcomparison of SCIAMACHY measurements with chemistry-
TMS model results. For each MOZAIC CO profile, the col- 4nsn0rt model results (de Laat et al., 2007). MOZAIC mea-
located model column above the maximum altitude of theg,rements falling within this spatio-temporal “area” are sim-
MOZNCO proﬁlc;: is calculated, shown in Fig. 1. For more 1y averaged. De Laat et al. (2010b) studied the effect of
than 95% (99 %) of the CO profiles, this subcolumn €oN- 464 size on the comparison between ground-based measure-
tributes less than 20 % (30 %) of the total column. Consider-ants. There are two competing trade-offs: the larger the

ing that TMS model biases in upper atmospheric CO are noye5 the more SCIAMACHY measurements available for
larger than 10-20 % (Huijnen et al., 2010), biases in the totaly eraging and thus the better the temporal resolution. On
columns for the combination of MOZAIC and TM5 data that e gther hand, the larger the area, the less representative

can be attributed to biases in TM5 cannot be larger than a few, averages for that area for a single location. By varying

percent. the area size and comparing statical measures like correla-
tions and root-mean-square difference, de Laat et al. (2010b)
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MOZAIC-SCIAMACHY 8°x8° comparison grids
. ° L i A

\\'é : g g=fe

Latitude

Table 2. Most frequently visited airports for which ascending of
descending MOZAIC flights fall within the°8x 8° grid box.” De-
pending on the airport location, the direction or descending or as-
cending MOZAIC flights can fall within different grid boxes, as is
the case for Bangkok.

"""""""" No. Cities
? 1 Vancouver
) ORI S / ............................................. 2 Portland
190 10 e Longlude % 100 1% 3 San Francisco, Los Angeles
4  Houston, Dallas
Fig. 2. Grid areas of 8 x 8° with at least 25 MOZAIC comparison 5 Atlanta, Miami
values for the period 2003-2008 (see Sect. 2 for explanation of how 6 Chicago,
the comparison is devised). Grids are numbered from south to north 7  Cincinatti, Detroit, Washington
and west to east for use in other figures. The black dots denote GBS 8 Philadelphia, New York, Boston
locations used for validation of SCIAMACHY CO in de Laat et 9 Montreal, Toronto
al. (2010b). 10 Caracas
11 Lagos
12 Windhoek
found that beyond an°8x 8° grid there is no gain. Hence, 13 London, Paris, Brussels
we compare SCIAMACHY CO with MOZAIC within an 14 Munchen, Frankfurt
8° x 8° grid. 15 Vienna
Because MOZAIC flights are intermittent, the frequency 16  Khartoum
of visits to airports by aircrafts that take part in MOZAIC 17 Cairo
varies considerably. Figure 2 provides a geographical 18 Tel Aviv _
overview of where 8x 8° grids in which MOZAIC data ;g gggghAﬁﬂ%a;tbi
were sampled. Indicated are also the GBS locations used in 21 Teherz'an
de Laat et al. (2010b). Note that several GBS stations fall 22 Hong Kong
outside of the area shown here: Ny Alesund (Spitsbergen), 23 Shanghai
Kiruna (northern Sweden), Lauder (New Zealand) and Ar- 24  Beijing
rival Heights (Antarctica). Clearly the GBS and MOZAIC 25 Madras, Hyderabad
networks complement each other. Table 2 provides a list of 26  Delhi
most frequently visited airports within the grid boxes shown 27 BangkoK
in Fig. 2. 28 BangkoK
Biases that might be introduced by the area averaging 29 Osaka
methodology and effects of different grid comparison areas 30 Tokyo

will be discussed later in this paper.

3 Results

3.1 Time series

For the central and eastern USA boxes (4-9) there is also
a reasonable to good agreement. Seasonal cycles are repro-
duced. The comparison for locations 4, 5, 7 and 8 shows that

during 2004 and 2006 SCIAMACHY columns are consid-
Figure 3a—c present the comparison of MOZAIC and SCJA-€rably smaller than MOZAIC. This phenomenon was also

MACHY CO total column time series for the’&8° grid
boxes in Fig. 2.

reported in de Laat et al. (2010b) for the comparison with
the GBS measurements, and might point to some unresolved

In general there is a reasonable to good agreement betweetic/AMACHY calibration issues. Also note that the year

both. We will discuss all grid box comparison, grouped ac-2008 — which was not covered in de Laat et al. (2010b)
cording to geographical region. — looks as good as any other year suggesting that SCIA-
The eastern USA boxes (1,2,3) all show a good agreemenMACHY_data for 2008 is of similar qu_ality as th_e other years.
The seasonal cycle of location 1 (Los Angeles, San Fran- Location 10 represents a tropical location (Caracas,
cisco) is well reproduced by SCIAMACHY. Although there Venezuela). Although SCIAMACHY measurements are
are fewer observations for region 3, IMLM still shows sea- cOmparable to MOZAIC measurements, this region shows
sonal variations. Note particularly that for location 1 most N0t much seasonal variation in CO total columns, and the
SCIAMACHY observations are from above oceanic low Measurement sample is not very large. Also, here SCIA-

clouds (Table 1), which are very persistent in this region. ~MACHY appears to underestimate CO in 2006. Note that
all SCIAMACHY measurements come from observations

www.atmos-meas-tech.net/5/2133/2012/ Atmos. Meas. Tech., 5, 212332 2012
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Fig. 3. Comparison of SCIAMACHY and MOZAIC time series for the period 2003—2008 for the 8 grid boxes shown in, and numbered
according to Fig. 2. The small map in the lower right corner of the panels denotes the grid box for orientation. The coordinates in the panel
titles are the central longitude-latitude of the grid box. SCIAMACHY CO is denoted by the open circles, with the blue circles denoting
measurements that have corresponding MOZAIC measurements. The filled red markers are the MOZAIC measurements.

over low altitude ocean clouds (Table 1), as the surface resonal biomass burning. Furthermore, the high surface re-
flectance of the densely vegetated surrounding land — anflectance of this area ensures a good signal-to-noise ratio
thereby the signal-to-noise of the SCIAMACHY measure- for the SCIAMACHY measurements and thus many com-
ments — is small. parisons. Clearly, SCIAMACHY data show a very similar
Location 11 represents the region around Lagos, Nigeseasonal cycle and similar CO total columns, also in 2008.
ria. This is a region with a strong seasonal cycle and highOverall, the agreement is very good.
CO concentrations during the winter months (Redelsperger Locations 13-15 are all located over Europe, a region
et al., 2006; Hopkins et al., 2009). Although for some yearsthat was already covered by the comparison between SCIA-
no MOZAIC measurements were made, the MOZAIC mea-MACHY and GBS (de Laat etal., 2010b). Similar to the GBS
surements show consistently larger CO columns than theesults, there is a good agreement between SCIAMACHY
SCIAMACHY measurements. A possible explanation might and MOZAIC in terms of both the average total columns as
be that regional pollution — either anthropogenic or biomasswell as the seasonal cycle, although especially for 2004 and
burning, which is not represented by the SCIAMACHY aver- 2006 there appears to be a bias in SCIAMACHY. The com-
aging over the 8x 8° grid box — affects the MOZAIC mea- parison for 2008 is similar to other years.
surements. TM5 results indeed indicate enhanced CO when Locations 16-21 cover the Middle East region. Here, al-
averaging over a smaller area around Lagos. though there are fewer MOZAIC measurement, signal-to-
Location 12 (Windhoek, Namibia) is in the Southern noise of the SCIAMACHY measurements is as high as it
Hemisphere in a region that is strongly affected by sea-can get due to the high reflectivity of the dry (semi) desert
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surface. Overall, there is a reasonable agreement between Locations 25 and 26 are over India. For location 25 over

SCIAMACHY and MOZAIC, although the seasonal cycles central Indian, SCIAMACHY and MOZAIC are comparable

in this region are not very large. Furthermore, for severaland show similar seasonal cycles and the year 2008 is simi-

grid boxes, CO total columns from MOZAIC are larger than lar to other years. For location 26 in Northern India, SCIA-

SCIAMACHY. This might be related to local pollution that MACHY is smaller than MOZAIC, which in part may be re-

is not represented by the SCIAMACHY averages and modelated to, again, local pollution not represented by the SCIA-

results. Unlike Lagos (Nigeria; location 11), there is no indi- MACHY averaging over 8 x 8° grid boxes.

cation of enhanced CO when averaging over a smaller area Locations 27 and 28 in southeastern Asia — Bangkok
Locations 22—-24 are all over eastern China. Temporal cov— show limited temporal coverage. Summertime CO total

erage is limited, but concentrations for location 22Hong columns are similar, but SCIAMACHY misses some en-

Kong) and 23 (Shanghai) are similar, and the large variationdhanced CO during the winter 2005-2006, although for years

in CO total columns from one measurement to the next aravithout MOZAIC measurements the SCIAMACHY mea-

also observed with SCIAMACHY. For location 24 — Bei- surements clearly show similar wintertime enhancement sug-

jing — MOZAIC shows much larger columns than SCIA- gesting that maybe collocation issues like cloud contamina-

MACHY. It is very likely that the particular local geographi- tion may have hampered SCIAMACHY observing the win-

cal conditions of Beijing can explain these differences, sim-tertime enhancement.

ilar to Teheran, as TM5 (3x 2°) results also do not indi- Finally, locations 29 and 30 over Japan show similar sea-

cate enhanced CO columns. Beijing borders a mountainousonal cycles. De Laat et al. (2010b) showed that for two

area which is much less densely populated and industrialGBS stations in northern Japan results were good, and this

ized region, which is relevant given thé 8 8° grid box  comparison confirms those findings.

averaging of SCIAMACHY. Furthermore, this local geogra-

phy enhances the buildup of pollution in the boundary layer3.2 Statistics

around Beijing. Finally, the buildup of pollution and forma-

tion of a well known boundary layer haze over Beijing (Chan Figure 4a presents a scatter plot of the 2003—2008 average
and Yao, 2008), in combination with dust storms from the cO total columns for SCIAMACHY and MOZAIC com-
interior of the continent (Eck et al., 2005), may limit the parisons presented in Fig. 3 and Table 1. The comparison
sensitivity of the SCIAMACHY measurements to the pol- shows a very good agreement between SCIAMACHY and
luted boundary layer, as SCIAMACHY observes CO from MOZAIC, apart from three outliers which were already iden-
reflected solar radiation around 2.3 micron and thus dependsfied in Sect. 3.1 (Lagos, Teheran and Beijing). Disregarding
on light passing through CO pollution (M. Krijger, SRON, these three locations by removing points for which the bias is
personal communication, 2012). larger than the arbitrary value of 1x010'8 molecules cm?,

we find a correlation of 0.92 for the comparison. However,
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there is a small CO total column bias between SCIAMACHY the available detector pixels. SCIAMACHY channel 8 suf-
and MOZAIC of approximately 0.3 10'® molecules cm? fers from radiation damage, which results in a steady reduc-
(~ 15 %). tion in the number of functioning detector pixels. The pixels

Figure 4b shows the same comparison as in Fig. 4a butised for the IMLM retrieval algorithm have to be actively
for all years separately. Similar to Fig. 4a, there is a goodvaried to take this effect into account. This leads — over time
agreement between SCIAMACHY and MOZAIC if we dis- —to different sets of pixels being used for the retrieval which
regard the three locations discussed above as well as locatiamight lead to different retrieval results. However, it is un-
6 (year 2008) and location 23 (year 2004). Disregarding theselear as to whether the varying pixel mask can explain why
stations results in a correlation of 0.75. for 2007 and 2008 the bias is smaller.

Figure 4c shows the comparison for all individual years.
Disregarding the outliers discussed above results in correla-
tion coefficients between 0.54 and 0.93. Comparing year t

year, we note that the years 2003, 2004 and 2006 have relT'he validation of SCIAMACHY CO total columns with in-

atively large biases (0.3-0:510'® molecules cm?; ~ 10— e )
25 %), which was already noted in the discussion of the timetegrated in-situ CO profile measurements from the MOZAIC

. .__campaign shows a good to very good agreement. A few
series. The years 2005, 2007 and 2008 have smaller biases " : .
(0.1-0.2x 1018 molecules cm2; ~ 3-10 %). Scation show large biases, likely related to local effects.

Note that the year 2008 — not evaluated in de Laat etIf SClA.MACHY measurements are of sufficient quahty -
ood signal-to-noise — then seasonal cycles can easily be

al. (2010b).— app.ears.sumllar to the other years, althoug discerned. Results from this study are consistent with those
some locations with high CO total columns did not pro-

vide observations in 2008. However, removing stations Withpresented n d_e Laat et_ aI._ (_2010b).
CO total columns larger than 2:510% molecules cm? for The comparison for individual years shows that the years

the years 2003-2007 yielded lower correlations similar t02003’ 2004 and 2006 have larger biases than 2005, 2007
y ST -ortelar and 2008. For this study we extended the SCIAMACHY
the 2008 correlation K = 0.54-0.77), indicating that also . o .
X . . measurements with the year 2008. The validation with GBS
the correlation for 2008 could be considered similar to the .
other years measurements presented in de Laat et_al. (2010b) only cov-
' ered the years 2003-2007, and from this study we conclude
that for 2008 SCIAMACHY provides good quality CO total
column measurements as well.

Finally, we conclude that the MOZAIC network pro-
vides additional and crucial information for the validation of
SCIAMACHY CO total columns. The network nicely com-
lements the GBS network with a certain overlap — in par-

Conclusions

4 Discussion

The results from the comparison of SCIAMACHY with
MOZAIC data are fully consistent with what was reported
in de Laat et al. (2010b). Overall, there is a good agreemenF . .

icular in Europe and Japan — but also provides measure-

betyveen the sgtelhte and m-snu.measurements.,. There are Ic?ﬁents at locations not covered by the GBS network — Middle
cations for which both observational records diverge. Thes

differences are attributed to local effects and multiple expla- ast, south and southeast Asia, western USA, South Africa.
P P Note that the GBS network covers some areas not visited

natlon_s have been_ proposed "?‘“.hou_gh th!s was not InVes“t')y MOZAIC - high latitudes, Australia and New Zealand.
gated in more detail. One possibility is an incorrect assUMP. - both networks are mutually complementary
tion that the SCIAMACHY CO total column is the real to- ’ '
tal column (Sect. 2.1). Users should avoid using the SCIA-
MACHY CO data in areas with strongly polluted boundary acknowledgementsive thank both referees for their valuable
Iayers until averaging kernels are re-assessed. comments and help to improve the paper.

The comparison for 2003, 2004 and 2006 show larger bi-
ases than for the other years, a finding also noted in de La&kdited by: R. Sussmann
et al. (2010b). For the years 2003 and 2004, the most obvi-
ous explanation is the frequent “decontaminations” that took
place. The SCIAMACHY channel 8 detectors are hampered?€ferences
b.y the build_up of a microscopic ice_ layer, which eruceS ovensmann, H., Burrows, J. P., Buchwitz, M., Frerick, J., Noel,
signal-to-noise and increases scattering effects. During 200 S. Rozanov, V. V., Chance, K. V., and Goede, A. H. P.: SCIA-
and 2004, the detector was frequently heated to evaporate the \acHy — Mission Objectives and Measurement Modes, J. At-
ice in the hope that the vapor would escape the spacecraft. mos, Sci., 56, 127-150, 1999.
After 2005, the frequent decontaminations were stopped an@regman, B., Segers, A., Krol, M., Meijer, E., and van Velthoven, P.:
after an initial buildup the ice layer would remain stable.  Onthe use of mass-conserving wind fields in chemistry-transport
Hence, decontaminations cannot explain the bias observed models, Atmos. Chem. Phys., 3, 447-4%1j:10.5194/acp-3-
for 2006. Another possible explanation might be a change in 447-20032003.
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