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Abstract. A first validation of water vapour total column 1 Introduction
amounts derived from measurements of the SCanning Imag-

ing Absorption spectroMeter for Atmospheric CHartogra- | i well known that water vapour is one of the most impor-

phY (SCIAMACHY) in the visible spectral region has been 5t aimospheric constituents. Most of the atmospheric water
performed. For this purpose, SCIAMACHY water vapour ., r is located in the troposphere close to the surface of the

data have been determined for the year 2003 using an &%=, \eather and climate are essentially influenced by the
tended version of the Differential Optical Absorption Spec- variation of water vapour concentrations. Especially, water

troscopy (DOAS) method, called Air Mass Corrected (AMC- 5, s the major greenhouse gas. Therefore, the global
DOAS). _The SCIAMACHY results are compared W'th. €O distribution of water vapour is a relevant input quantity for
responding water vapour measurements by the Special Seyqa atmospheric models aiming to predict weather or cli-
sor Microwave Imager (SSM/I) and with model data from

the European Centre for Medium-Range Weather Forecasts o .
(ECMWF). However, global water vapour distributions are difficult to

In confirmation of previous results it could be shown that be obtained. Currently, there are several sources for global

SCIAMACHY derived water vapour columns are typically water vapour data, all of them having their specific advan-
slightly lower than both SSM/I and ECMWF data, espe- tages and limitations. In-situ measurements by radio sondes
cially over ocean areas. However, these deviations are mucRroPably provide data with the highest accuracy and the best

smaller than the observed scatter of the data which is cause¥ertical resolution; however, these measurements only cover

by the different temporal and spatial sampling and resolu-2 small horizontal area, and the distribution of radio sonde

tion of the data sets. For example, the overall difference withStations over the Earth is rather inhomogeneous. Especially
ECMWF data is only—0.05 g/cr? whereas the typical scat- OVer the oceans and |n.the southern hemisphere large regions
ter is in the order of 0.5 g/cfa Both values show almost no &€ not covered by radio sonde data.
variation over the year. Remote sensing data from satellite based instruments pro-
In addition, first monthly means of SCIAMACHY wa- Vvide the possibility to fill these gaps, but they are typically
ter vapour data have been computed. The quality of theséimited in vertical and temporal resolution. Water vapour can
monthly means is currently limited by the availability of cal- be measured from space by various techniques. Most com-
ibrated SCIAMACHY spectra. Nevertheless, first compar- monly used are microwave (MW) sensors like the Special
isons with ECMWF data show that SCIAMACHY (and simi- Sensor Microwave Imager (SSM/I) which are able to pro-
lar instruments) are able to provide a new independent globaVide total water vapour columns at a high spatial (horizontal)
water vapour data set. resolution Bauer and Schluessdl993. However, the MW
retrieval is usually constrained to ocean areas.

Instruments operating at other spectral regions like in the
near infrared (NIR) — such as e.g. the Moderate Resolu-
tion Imaging Spectroradiometer (MODIS) on Aqua/Terra
(Gao and Kaufmar2003 and the Medium Resolution Imag-
Correspondence tdS. N2l ing Spectrometer (MERIS) on ENVISATL{ et al., 2003
(stefan.noel@iup.physik.uni-bremen.de) — can derive total water vapour columns also over land.

© 2005 Author(s). This work is licensed under a Creative Commons License.
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Unfortunately, in contrast to MW sensors, NIR sensors can2 The AMC-DOAS retrieval method
not see through clouds which also limits the retrieval.
The AMC-DOAS retrieval method has been extensively dis-
Another recently developed method for the retrieval of cussed irNoel et al.(2004. Therefore, only a small sum-
water vapour distributions is the utilisation of data from mary of the algorithm will be given here.

the Global Positioning System (GPS) satellites (seel2ad). Similar to the well-known DOAS (Differential Opti-
et al, 2002. cal Absorption Spectroscopy) approach the AMC-DOAS

method derives information about the amount of an atmo-

In addition, several investigations have shown that alsospheric species from differential absorption structures in sun-
measurements performed by the Global Ozone Monitoringnormalised radiances. The AMC-DOAS method does not re-
Experiment (GOME, see e.dBurrows et al, 1999 and  quire absolutely calibrated radiances and irradiances, as long
the SCanning Imaging Absorption spectroMeter for Atmo- as the differential structures are not affected by calibration
spheric CHartographY (SCIAMACHY, see eBpvensmann  issues. The method is numerically fast and therefore well
et al, 1999 in the visible spectral region may be used to de- suited for operational data processing. The main differences
rive g|0ba| water vapour ConcentratiorNc(e'| et al, 1999 between AMC-DOAS and standard DOAS are as follows:
2002 2004 Casadio et a|200Q Maurellis et al, 200Q Lang

et al, 2003 Wagner et al.2003 Buchwitz et al, 2004). 1. In standard DOAS, which is only applicable in the op-

tically thin case, the absorption depth in the differential
spectra is proportional to the absorber amount. Water
vapour has highly structured absorption features (satu-
rated and non-saturated lines) which are not resolved
by GOME or SCIAMACHY. Therefore, the relation be-

The GOME instrument was started on the second Euro-
pean Remote Sensing Satellite (ERS-2) in 1995 and is still
operating (although at somewhat degraded performance and
coverage). SCIAMACHY is an extended version of GOME .
and part of the atmospheric chemistry payload of the Euro- tweef‘ absorptlp n erth "’“.‘d absorber amount becomes
pean Environmental Satellite ENVISAT which was launched non-linear, which is considered by the AMC-DOAS
in March 2002. The combination of GOME and SCIA- method.

MACHY data already now covers a time span of 9-10 years 2 The AMC-DOAS method includes an Air Mass Fac-

which may extend even further, deper_u_jing on the life time tor (AMF) correction derived from @absorption fea-
of SCIAMACHY (or ENVISAT). In addition, the GOME-2 tures in the same spectral region as the water vapour ab-

instruments on the series of operational meteorological satel-  sorption. This is why the fitting window for the AMC-
will continue this data set. Therefore, an analysis of these 688 nm to 700 nm, where both water vapour and molec-

pendent global water vapour climatology (see élang and
Lawrence 2009). The main purpose of the AMF correction factor is to cor-

rect the retrieved water vapour column, but beside this the

The current paper presents recent results of the so-calleAMF correction factor can be used as an inherent quality
“Air Mass Corrected Differential Optical Absorption Spec- check for the retrieved data. The AMC-DOAS retrieval as-
troscopy” (AMC-DOAS) method which has been applied sumes a cloud-free tropical background atmosphere and does
to SCIAMACHY nadir measurements in the spectral region not consider different surface elevations. If the derived AMF
at about 700 nm.Noél et al. (2004 already showed that correction is too large, this is an indication that these assump-
it is possible to derive good water vapour total columnstions are not valid (most likely because the observed scene is
from SCIAMACHY measurements using the AMC-DOAS too cloudy or contains a high mountain area).
method. However, these results were based on only a small Therefore, as in previous studies, only results with an
amount of analysed data (some days of measurements). IlAMF correction factor larger than 0.8 have been taken into
addition, in the context of the SCIAMACHY/ENVISAT vali- account. Currently, the AMC-DOAS retrieval is limited to
dation program, some first intercomparisons of AMC-DOAS solar zenith angles (SZAs) below 88
water vapour columns with radio sonde data and ATOVS Note that in the present study — in contrastNogl et al.
(Advanced TIROS (Television Infrared Observation Satellite (2004 — no additional scaling factor has been applied to
Program) Operational Vertical Sounder) satellite measurethe retrieved columns to better match correlative data. This
ments have been performed for a dedicated validation datavas no longer necessary after using an updated (narrower)
set (seelimmermans et al2004 for details). In the current SCIAMACHY slit function of full width at half maximum
paper we will extend the validation of the AMC-DOAS water (FWHM) 0.4 nm. The new slit function width was motivated
vapour results to a longer period of time, namely the wholeby the recent analysis of in-flight measurements which re-
year 2003. Furthermore, we will present the first global vealed differences to the on-ground determined slit functions
monthly mean water vapour data from SCIAMACHY. (Ahlers 2004. Furthermore, the new slit function leads to

Atmos. Chem. Phys., 5, 1835841 2005 www.atmos-chem-phys.org/acp/5/1835/
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smaller residuals of the AMC-DOAS retrieval which also

supports this choice. As a consequence, the AMC-DOAS o
results do not rely on any other measurement data, e.g. cali- g
bration factors derived from comparisons with ground based £
radio sonde measurements as it is the case for e.g. SSM/I3
data. The retrieved water vapour columns therefore provide

SCIAMACHY Columns 0-7 g/cm?
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In the present paper, SCIAMACHY water vapour data are Std. Dev. (of Daily Mean)

compared with SSM/I measurements and model data from Molgte;”y mggg

the European Centre for Medium-Range Weather Forecasts Y

(ECMWF). ~ Fig. 1. Global mean and standard deviation of the difference be-
The SCIAMACHY water vapour data have been derived tween collocated SCIAMACHY and SSM/I water vapour columns

by applying the AMC-DOAS retrieval method to all available for the year 2003.

SCIAMACHY nadir data for the year 2003. Because there

is no complete consolidated set of SCIAMACHY calibrated

spectra (Level 1 data) available yet, the analysis is based oA Results

a combination of both consolidated and unconsolidated near- ) ) ]
real-time (NRT) data. Even after inclusion of the NRT data In this section, two types of results will be presented. First,

there are still larger data gaps, especially in November 2003e Will show a time series of (globally averaged) devia-
In this sense the results presented in the next section are stfions between SCIAMACHY total water vapour columns and

of preliminary nature. SSM/I and ECMWEF data for the year 2003. Then we will
To avoid a potential influence of the known insufficient compare global maps of monthly mean water vapour results

radiometric calibration of the current Level 1 dakgpin based on SCIAMACHY and ECMWF data.
et al, 2002 2003 on the retrieval results, always the same 4 4 Time series
(specially calibrated) solar reference spectrum (provided by

J. Frerick, ESA) has been used in the retrieval. The time series data have been generated in the following
The SSM/I data used in the comparison have been takemway:

from the Daily Gridded Integrated Water Vapour Product ) ] ] )

provided by the Global Hydrology Resource Center (GHRC) 1- Determine collocations of (daily gridded) SCIA-

at the Global Hydrology and Climate Center, Huntsville, Al- MACHY water vapour total columns between 0 and

abama. We took only data for the descending orbit part of the ~ / glen? (whichis about the total range of columns) and

DMSP F-14 satellite, because its dayside equatorial cross- ~ Corelative data.

ing time of about 08:00 LT is close to the ENVISAT day- 2. Compute the absolute differences SCIAMACHY-

side equatorial crossing time of 10:00 LT. Because SSM/l is SSM/I and SCIAMACHY—ECMWE for this collocated
a MW sensor, only data over ocean are available. data set.

The ECMWEF water vapour columns have been calculated
using assimilated meteorological fields (geopotential height, 3. Compute the weighted daily means and standard devia-
temperature, pressure, and specific humidity) from the op-  tions by averaging over all collocated grid points. The
erational daily analysis data. These data are provided on a  Weights are chosen to be the cosine of the geographic

1.5°x 1.5° spatial grid at 60 altitude levels every 6 h. The 6- latitude. The reason for these weights is that the in-
h values have been combined and integrated over height to ~ put data are on an equidistant latitude/longitude grid
derive the total vertical water vapour column. Afterwards, which is not representative for the surface area of the
daily averages of the columns have been computed for each ~ Earth. Therefore, without proper weights, high latitude
grid point. Note that the ECMWF data are not completely in- columns would contribute too much to the global mean.

dependent from SSM/I data because SSM/I results have been4

assimilated into the ECMWF model. '
For the inter-comparison all SCIAMACHY and ECMWF

data have been (re-)gridded to the spatial resolution of the The results of this procedure are shown in Fiyjand2.

SSM/I data which is 0.5x0.5°. The black circles mark the daily means, the blue vertical lines

The global monthly means are then derived by averag-
ing the daily means over one month.

www.atmos-chem-phys.org/acp/5/1835/ Atmos. Chem. Phys., 5, 18332005
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Fig. 2. Global mean and standard deviation of the difference
between collocated SCIAMACHY and ECMWF water vapour
columns for the year 2003.
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are the corresponding daily standard deviations, and the red
line denotes the monthly mean.

As can be seen from these figures, the standard devi- Jul 2003
ation of the data is in both the comparisons with SSM/I
and ECMWF quite high (about 0.5g/émmaybe some-
what higher for SSM/I data). This magnitude of scatter has
been observed before (see e\pél et al, 2004 Lang and
Lawrence 2009. It can be mainly attributed to the large
temporal and spatial variability of atmospheric water vapour.

The scatter of the daily mean values is significantly
smaller. For the comparison with SSM/I data it is about

Latitude, deg

0.1-0.2 g/cr, and even less~0.1 g/cn?) for the compar- CiB0 50 20 s 0 W 0 e s 1m0 1w 1@
ison with ECMWF. Suee e

The monthly averages are quite constant over the year Oct 2003
2003. The SCIAMACHY water vapour columns are in the e o

order of 0.2 g/crf lower than the corresponding SSM/I re-
sults whereas the typical deviation between SCIAMACHY
and ECMWEF data is only-0.05 g/cn? which is one magni-
tude lower than the observed daily scatter. Thus, the SCIA-
MACHY data agree very well with ECMWF data throughout
the year.

Latitude, deg

4.2 Monthly means 180 -150 -120 90 60 -30 O 30 60 90 120 150 180
Longitude, deg

Monthly means of SCIAMACHY and ECMWF data have H,0 Vertical Golumn Amount, g/om®

been computed by averaging all available data for a specific, , ' ' M—

month at each grid point. No special weighting is necessary,
because only data of the same geolocation are averaged. Fig. 3. Monthly means of SCIAMACHY total water vapour

Figure3 shows the resulting means of SCIAMACHY total cojumns for the year 2003.
water vapour column data for the months January, April, July
and October 2003, corresponding to different seasons.

The overall picture of the SCIAMACHY monthly means humidity in the tropics, low humidity at higher latitudes. The
seems quite reasonable. The SCIAMACHY results are quitanovement of the inner tropical convergence zone (ITCZ)
similar to the corresponding water vapour monthly means dewith season is clearly visible from the shift of high water
rived from ECMWF data displayed in Fig. There is high  vapour columns in the tropics.

Atmos. Chem. Phys., 5, 1835841 2005 www.atmos-chem-phys.org/acp/5/1835/
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data because of a too high solar zenith angle, these gaps are
mainly caused by the incomplete SCIAMACHY Level 1 data
set; this is especially evident in November 2003 (not shown)
where no data over the Atlantic ocean are available. How-
ever, there are also some regions where there are no SCIA-
MACHY water vapour data for the whole year, like over
the Himalaya and the Andes. These gaps are not caused by
missing Level 1 data but they correspond to regions which
are regularly masked out by the AMC-DOAS quality check.
This is expected, because the background atmosphere of high
mountain areas is extremely different from the one assumed
in the retrieval. In fact, this shows that the AMC-DOAS qual-
ity check is working correctly, which adds confidence to the
SCIAMACHY AMC-DOAS water vapour data product.

There are also some differences between SCIAMACHY
and ECMWF data. For example, in summer 2003 the humid-
ity over the Sahara desert is much higher in SCIAMACHY
data than expected from the ECMWF model data. This can
be seen more clearly in Fi§, where the absolute differences
between SCIAMACHY and ECMWF water vapour monthly
means are plotted. Noting that any deviation below the typ-
ical scatter of the water vapour data of 0.5 gfctne. the
green areas on the plots) can be considered as a good agree-
ment, the difference plots show in general quite encouraging
results.

Looking a bit more into the details of Fi§reveals that the
agreement between SCIAMACHY and ECMWF data over
land seems to be somewhat better than over ocean. Ocean
areas are quite noisy in the difference plots. The SCIA-
MACHY data over ocean tend to be lower than the corre-
sponding ECMWF monthly means. This is in line with the
results of the comparison with SSM/I data in the previous
subsection. Over the continents, the agreement between both
data sets is quite good except for some specific regions at cer-
tain times where SCIAMACHY columns are higher than the
ECMWF values. This over-estimation of the water vapour
content by SCIAMACHY (or the under-estimation by the
ECMWF model) seems to occur preferably over desert re-
gions like the above mentioned southern Sahara during sum-
mer and western parts of North America. This may indicate
an influence of the surface albedo. In addition, the differ-
ent surface elevation which is is not considered by the AMC-
DOAS retrieval may play a role. On the other hand, problems
of the ECMWF model data at these regions can also not be
excluded, because it is unclear how many real measurements

Fig. 4. Monthly means of ECMWF total water vapour columns for (€.9. radio sonde data) went into the model at these locations.

the year 2003.

Furthermore, the different temporal and spatial coverage
of SCIAMACHY and ECMWF data may play a role here.

For some regions there are no SCIAMACHY water vapour As long as there are still large amounts of SCIAMACHY

data available (white areas in Fi§). Except for those north-

Level 1 data missing no final conclusion on the quality of a

ern or southern regions, where there are no SCIAMACHY monthly mean product can be drawn.

www.atmos-chem-phys.org/acp/5/1835/
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means of total water vapour columns for the year 2003.

5 Summary and conclusions

S. Nél et al.: SCIAMACHY water vapour validation

is somewhat limited by the amount of currently available
SCIAMACHY calibrated spectra. Comparisons with SSM/I
and ECMWF data for the year 2003 show in general a good
agreement. A high scatter of about 0.5gfcim visible
throughout the year. This scatter is mainly caused by at-
mospheric variability which in general makes a validation of
water vapour columns more difficult.

The global mean SCIAMACHY AMC-DOAS water
vapour columns tend to be lower than the correlative data.
The agreement of SCIAMACHY results with ECMWF data
is somewhat better than with SSM/I data which confirms pre-
vious findings which were based on a smaller data set.

As a first step towards a SCIAMACHY (or GOME-type)
water vapour climatology reasonable global maps of monthly
mean water vapour columns could be derived. Comparisons
with corresponding ECMWF monthly means showed in gen-
eral a good agreement, although there are some discrepancies
especially over ocean and desert areas which require further
investigation.
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