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Abstract—We compare total water vapor (TWV) data re-
trieved from two different kinds of satellite data: From the
microwave radiances of AMSU-B (Advanced Microwave Sound-
ing Unit B) and from visible spectra of GOME (Global Ozone
Monitoring Experiment) and SCIAMACHY (Scanning Imag-
ing Absorption spectroMeter for Atmospheric CHartographY).
The retrieval from AMSU-B data only works for dry polar
atmosphere but independent of daylight, while retrieval from
GOME/SCIAMACHY works globally but depends on daylight.

The correlation between the two data sets is moderate to high
(0.5 to 0.9) with the exception of late summer and autumn, when
it is below 0.4. The most likely reason for the low correlation is
that the microwave algorithm is least reliable in autumn because
the frequency dependence of the sea ice emissivity (which enters
into the algorithm) is modified by the summer surface melt and
refreeze in a yet unknown way. The TWV data retrieved from
GOME/SCIAMACHY have a slight dry bias with respect to TWV
data from AMSU-B, as fully cloudy footprints are excluded from
the retrieval with GOME/SCIAMACHY.

As the two retrieval methods have different strengths and
weaknesses but have only little mutual bias, TWV data from
both methods can complement each other.

I. INTRODUCTION

Water vapor, comprising about 1 to 4% of the volume
of the Earth’s atmosphere, has a key role in the global
climate system: Water vapor (1) is the most abundant and the
most radiatively important greenhouse gas, (2) can transport
large amounts of latent heat and thus strongly influences the
dynamics of the atmosphere, and (3) is an important link
connecting the various components of the hydrological cycle.
There is hence a need for continuous global data of water
vapor in the atmosphere, if possible as a function of height
(water vapor profiles), or at least the vertically integrated water
vapor content of the atmosphere, called column water vapor,
precipitable water or total water vapor (TWV). There is a
global network of meteorological stations that regularly mea-
sure vertical profiles of atmospheric humidity (among other

This study was supported by the EU project DAMOCLES (6th Framework
Programme), and by grants from DLR Bonn and from the University of
Bremen.

variables) by radiosondes. Such measurements are, however,
just point measurements, and moreover, there are regions
where the station network is very sparse, notably the Arctic
and Antarctic, and the oceans. Therefore, over the past 30
years, a number of methods have been developed in order to
retrieve such atmospheric water vapor data on a global scale
from satellite data. Such methods typically use instruments
that measure the radiance either in the visible and infrared
(IR) or in the microwave wavelength range.

Here we compare TWV data retrieved using two newer
methods, one based on data taken in the visible range by
GOME (Global Ozone Monitoring Experiment [1]) and SCIA-
MACHY (Scanning Imaging Absorption spectroMeter for
Atmospheric CHartographY [2]) on the satellite ENVISAT,
and the other based on data taken in the microwave range
by AMSU-B (Advanced Microwave Sounding Unit B) on
the polar-orbiting satellites of NOAA (National Oceanic and
Atmospheric Administration)

The aim is to check if both methods can complement each
other, namely if the microwave-based method can fill the gap
in polar regions in winter of the visible-light-based method
(no sunlight). Therefore, we investigate mutual deviations of
TWV data from the two sources.

The next section briefly outlines the two TWV retrieval
methods and the scope of the comparison, section III discusses
the results, and finally section IV gives conclusions and
outlook.

II. TOTAL WATER VAPOR FROM SATELLITE DATA

A. Retrieval based on visible/NIR: AMC-DOAS method

The retrieval method using data from GOME and SCIA-
MACHY [3], [4] is based on the radiance in the wavelength
range of 688–700 nm where the main absorbers are oxygen and
water vapor. Using the so-called air-mass corrected differential
optical absorption spectroscopy (AMC-DOAS method, [3]) the
TWV can be derived globally for cloudless and slightly cloudy
footprints (satellite pixels), provided there is sunlight. With
GOME, global coverage (except for polar night regions) is



achieved about once in three days (daily in high latitudes),
the spatial resolution is about 320 km by 40 km; with SCIA-
MACHY, global coverage is achieved about once in six days
(two days in high latitudes), the spatial resolution is about
60 km by 30 km.

B. Retrieval based on microwave: AMSU-B method

The retrieval method using data from AMSU-B [5] uses the
microwave radiances at five channels: two window channels
(no strong absorption lines) at 89 and 150 GHz, and three
channels close to the strong water vapor absorption line
at 183.3 GHz. It derives the TWV from ratios of channel
differences, and is independent of daylight and most clouds.
However, this method can only retrieve TWV values up to
about 0.7 g/cm2 (7 kg/m2) over any surface (land, sea, sea
ice); over sea ice, the upper limit of the retrieval can be
extended to about 2 g/cm2 (20 kg/m2) by using knowledge
on the frequency dependence of the surface emissivity of sea
ice. The AMSU-B method for TWV retrieval is suitable for
the polar regions, where the TWV is generally low because
of the low temperatures. Total coverage of the polar regions
is achieved about twice daily with each of the satellites that
carry AMSU-B (usually, two are operational at any one time)
with a spatial resolution of about 50 km, similar to the AMC-
DOAS method with SCIAMACHY. Here we use data from
the satellite NOAA-16 only.

C. Data comparison

For the comparison, we have chosen the area North of
50◦N. We compare monthly mean TWV data from October
2000 until December 2003, interpolated onto a half-degree
(latitude and longitude) grid. For the years 2000 to 2002, the
AMC-DOAS method uses GOME data, for the year 2003, it
uses SCIAMACHY data. The left and middle columns of
Figure 1 show typical example maps of the TWV retrieved
from SCIAMACHY (left) and from AMSU-B (middle), one
for each season in 2003: March (top), June (second row),
September (third row), and December (bottom); the rightmost
column of Figure 1 shows the difference of TWV from
SCIAMACHY minus TWV from AMSU-B, discussed below.
The SCIAMACHY TWV map for December (Figure 1, bottom
left) shows the circumpolar gap caused by the polar night.
The AMSU-B TWV maps for June and September (Figure 1,
second and third rows of middle column) show that the TWV
is too high for the retrieval algorithm over most areas except
Greenland and some parts of the ice-covered central Arctic.
In winter and spring (Figure 1, middle column, bottom and
top panel) TWV is low enough to be retrieved almost over
the entire Arctic and part of the adjacent subpolar continental
areas.

In spite of the areal/temporal coverage being somewhat
complementary, there is considerable overlap between both
data sets for each month of the investigated years: about 3000
to 4000 common data points in June (minimum), about 7000
in December, and up to 40000 in March (maximum). The
total number of grid points in the domain is 57600. Note

that in the difference maps and in the subsequent analysis,
we have excluded the area of Greenland as the AMC-DOAS
method presently does not account for topography, and the
high elevation of Greenland potentially causes large positive
biases in retrieved TWV.1

III. RESULTS, DISCUSSION

The maps of the TWV differences (SCIAMACHY minus
AMSU-B) in the rightmost column of Figure 1 show generally
slightly negative differences. Larger negative differences can
be seen between Greenland and the Barents Sea in March
2003 (top right plot, −0.2 g/cm2), over the central Arctic in
September 2003 (third plot of right column−0.4 g/cm2), and
over the Sea of Okhotsk (between Kamchatka peninsula and
the continent) in December (bottom right plot, < −0.4 g/cm2).
These areas are known for high cloudiness in the seasons
mentioned [6] which can cause a dry bias in the monthly
means derived from SCIAMACHY (AMC-DOAS method) as
discussed below. The positive TWV differences over Alaska
in December might be explained by high elevation which can
cause a positive bias in the AMC-DOAS method. The positive
differences over the Bering strait in January 2003 (top right
plot) could be caused by very wet conditions, i.e., above the
retrieval limit of 0.7 g/cm2 of the AMSU-B method, on a few
days of that month. Thus very wet conditions are excluded
from the monthly mean, resulting in a dry bias in the AMSU-
B TWV data.

Figure 2 shows the mean and standard deviation of the
TWV difference (GOME/SCIAMACHY TWV minus AMSU-
B TWV) for the whole investigation period, averaged over the
whole area. Generally, the AMC-DOAS method yields slightly
lower TWV than the AMSU-B method. The reason is that the
AMC-DOAS method cannot retrieve TWV from completely
cloudy footprints. As cloudiness is highly correlated with high
humidity, excluding very cloudy footprints always excludes
footprints with high humidity, thus resulting in a dry bias of
the monthly mean (this is also seen in comparison with TWV
data retrieved with a different method from another microwave
instrument, the SSM/I (Special Sensor Microwave/Imager),
see [7], [8]). The difference exceeds −0.1 g/cm2 only in late
summer and autumn, when the data are only weakly correlated
(see next Figure).

Figure 3 shows the correlation between TWV from
GOME/SCIAMACHY and TWV from AMSU-B. The correla-
tion is generally between about 0.6 and 0.9, with the exception
of late summer and autumn (August to October) when it is well
below 0.4. The most likely reason for the very low correlation
at that season is that the AMSU-B algorithm is least reliable
in autumn: At higher TWV (above 0.7 g/cm2) the algorithm
has to account for the frequency dependence of the sea ice
emissivity which is modified by summer surface melt and
refreeze in a yet unknown way. However, sea ice emissivity

1It is planned to include topographic information into the AMC-DOAS
retrieval method in the future. This will allow improved TWV retrieval over
areas with very high elevation, such as Greenland.



Fig. 1. TWV maps from SCIAMACHY (left column) and AMSU-B (middle column) and difference maps SCIAMACHY minus AMSU-B (right) for 2003,
March (first row), June (second row), September (third row), December (bottom row). Note that the area of Greenland has been excluded from the difference
maps (rightmost column), see section II-C.
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Fig. 2. Mean and standard deviation of the difference GOME/SCIAMACHY
TWV minus AMSU-B TWV for the whole investigation period.
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Fig. 3. Correlation between the two data sets for the whole investigation
area and period

information which is used by the algorithm has to date only
been measured in winter.

Figure 4 shows a scatter plot of TWV from SCIAMACHY
versus TWV from AMSU-B for March 2003, which is the
month with the maximum number of common data points in
that year (30000 points). Also shown it a fitted straight line
(dashed). The correlation is 0.80, the slope of the fitted line is
close to unity (0.98) and the offset (y-axis intercept) is very
small (−0.03 g/cm2) which means that both data sets agree
well in this case.

An obvious effect of the different diurnal coverage – once
every two days at a fixed time during daylight hours versus
daily coverage combined from daytime and nighttime satellite
passes – has not been observed, although this difference in ob-
servational geometry and temporal/spatial sampling probably
significantly contributes to the scatter between the two data
sets.

IV. CONCLUSION

TWV data retrieved from GOME and SCIAMACHY visible
spectra (AMC-DOAS) and TWV data retrieved from AMSU-
B microwave radiances are complementary, as the first works
particularly well where the second does not work (outside
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Fig. 4. Scatter plot of SCIAMACHY TWV versus AMSU-B TWV, March
2003, with fitted straight line (dashed). Correlation is 0.8.

polar regions, in the Arctic in late summer and autumn), and
vice versa (in polar regions during polar night). However,
in order to combine TWV data from both data sets, their
deviations from each other has to be assessed. This study
shows that there are enough concurrent data for this to be done.
The correlation is generally moderate to high, and except for
the dry bias, there is little systematic deviation. Therefore it
seems possible to combine the two data sets.

Combination of water vapor data from different sources in
order to achieve frequent global coverage including the polar
regions is a significant tool for monitoring and understanding
the weather and climate system.
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