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Summary
Data from four UV/visible instruments, GOME, SCIAMACHY, GOME-2, and OMI has been
analysed for tropospheric NO2 columns. The data have been compared for consistency with a
focus on the GOME-2 data which have become available only recently and the time evolution
above China.
GOME-2 tropospheric NO2 fields derived using similar settings as for SCIAMACHY show a
high degree of consistency with SCIMACHY data. The agreement is further improved if only
coincident measurements are used for the comparison. As result of the shorter integration
times, GOME-2 retrievals are slightly noisier than SCIAMACHY retrievals unless a larger
fitting window is employed. GOME-2 and SCIAMACHY data agree very well above China,
indicating a continuing increase in NO2 column amounts. OMI data for the same region show
a similar trend but slightly lower values if the same retrieval settings are used, the difference
in absolute values probably indicating a diurnal cycle in tropospheric NO2 burden.
This study complements the work reported in the previous two years where improvements of
the SO2 retrieval over volcanic scenes were discussed, the first GOME-2 SO2 retrievals were
presented and a combined set of GOME and SCIAMACHY SO2 columns was used to
investigate the evolution of SO2 over China.
Introduction
Tropospheric NOx is a key species for ozone formation and acidification of rain and aquatic
eco-systems. It is mainly emitted in the form of NO from anthropogenic activities (all
combustion processes) but to a lesser degree also from biogenic sources in soils and through
lightning.
Remote sensing measurements of NO2 from space are possible using the structured absorption
features of NO2 in the visible spectral region. Satellite measurements have the advantage of
providing global data sets which facilitate monitoring of pollution, investigation of transport
processes and estimation of source strengths.
Scientific activities
Retrievals of GOME-2 NO2 columns
On October 19, 2006, the first of a series of three GOME-2 instruments was launched into
orbit on MetOp-a. The GOME-2 instrument is very similar to GOME but provides better
spatial coverage (global coverage every 1.5 days instead of every 3 days) and better spatial
resolution (40 x 80 km2 instead of 40 x 320 km2). Compared to SCIAMACHY, the spatial
resolution is somewhat poorer but the spatial coverage is much improved.

Fig. 1 Frequency distribution of GOME-2 and SCIAMACHY NO2 columns over the tropical Pacific
(180°E (+-20°), 0°N (+-10°)) in September 2007. The underlying assumption is that NO2 slant columns
should be constant in this area and the width of the distribution is mainly given by the noise in the data.
As can be seen, the GOME-2 data have a broader distribution (larger noise) if the same fitting window is
used as for SCIAMACHY but comparable noise if the larger spectral region is employed.

Using the settings developed for GOME and SCIAMACHY, NO2 columns have been
retrieved from GOME-2 data at the University of Bremen. While the overall agreement
between GOME-2 and SCIAMACHY data is good, there is clearly more scatter in the
GOME-2 data than in SCIAMACHY measurements. This can probably be explained by a
combination of several effects including the shorter integration time needed to have good
spatial resolution at a wide swath and the use of correlated sampling techniques in
SCIAMACHY detectors but not in GOME-2. As larger noise reduces the quality of GOME-2
measurements, an attempt was made to improve the SNR by extending the fitting window
from the traditional 425 – 450 nm region up to 497 nm. As shown in Fig. 1, the scatter of NO2
slant columns retrieved over the tropical Pacific can in fact be reduced to the level seen in
SCIAMACHY measurements with the larger fitting window. In addition, the small offset
between the two data sets is further reduced although the reasons for this are not entirely
clear. Unfortunately, using the larger window also introduces a scan angle dependency in the
data at least for some lv1 data versions, probably related to interference with not fully
corrected polarisation dependency of the GOME-2 instrument. Therefore, reprocessing of the
full lv1 data set with the latest processor version will have to be awaited before a final
statement can be made on the applicability of the larger fitting window. All of the results
shown in the following sections are therefore based on the traditional fitting window.
Scientific results and highlights
Comparison of GOME and SCIAMACHY measurements
One of the main advantages of satellite measurements is the availability of global data and
long data sets. However, to fully exploit this potential, time series from different platforms
have to be combined. Therefore, tropospheric NO2 columns retrieved from SCIAMACHY
and GOME-2 measurements have been compared to investigate their consistency. All settings
with the exception of cross-sections which are adapted to the instrument resolution have been
kept identical in this inter-comparison. While this minimises differences introduced from
different processing, good agreement between the two data sets does not necessarily also
imply good absolute accuracy as systematic errors will be similar in the two products.

Fig. 2: Tropospheric NO2 columns for April 2007 retrieved from SCIAMACHY measurements (left) and
GOME-2 data (right). White areas are data gaps over regions with persistent cloud cover or snow and ice.
The different sampling of the two instruments is not taken into account.

As shown in Fig. 2 for April 2007, the agreement is very good at first glance. A more
quantitative comparison is shown in Fig. 3, where the same data is displayed in a scatter plot
after binning in 1° x 1° cells. While the correlation is excellent, there is scatter of the order of
several 1015 molec cm-2 and also lower values in GOME-2 measurements. If only those
measurements are used for which both instruments have data on the same day, the scatter is
strongly reduced but GOME-2 data is still lower by 9%. This highlights the importance of
sampling for the data set in particular in the case of SCIAMACHY which has global coverage
at the equator in 6 days. What the origin for the apparent low bias of the GOME-2 data is has
not yet fully been understood. As discussed in the previous section, changing to a larger
fitting window increases the NO2 columns slightly but this can not fully remove the difference
for regions with large tropospheric NO2 columns.

Fig. 3: Scatter plot of GOME-2 and SCIAMACHY tropospheric NO2 columns for April 2007. Data have
been binned on a 1°x1° grid. In the left panel, all data have been used for both instruments while on the
right hand side, only those data are used, for which both instruments had a measurement on the same
day.

Comparison of tropospheric NO2 columns over China
One region of prime interest for tropospheric measurements from space is the rapidly
developing part of China. Using the GOME and SCIAMACHY data sets, a strong and
consistent upward trend has been detected for NO2, probably because of increasing emissions
of NOx from industry, power generation and transportation (Richter et al., 2005, van der A et
al., 2006). In Fig. 4, data from GOME-2 and OMI are included in this time series.

Fig. 4: Time series of tropospheric NO2 columns above East Central China for GOME, SCIAMACHY,
OMI and GOME-2. The consistency between the data sets is very good, indicating a continuing increase in
NO2 columns. Lower OMI values in summer are in agreement with results of previous studies.

For this region with very large signals, GOME-2 and SCIAMACHY measurements agree
nearly perfectly. This gives further confirmation for the SCIAMACHY observations, in
particular as no attempt was made to correct GOME-2 data for the much better sampling
(nearly daily coverage of the area). This indicates that even at their low sampling rate,
SCIAMACHY data can be considered to be representative for long-term averages over China.
Interestingly, OMI data also match the other two time series quite well. The OMI data shown
here are based on the operational slant columns provided by NASA which have then been
analysed using the reference sector method and airmass factors identical to the other data sets.
There is some indication for lower OMI data in summer, in agreement with a diurnal variation
in NOx emissions () but the effect is relatively small on an annual average.
All three data sets agree in that NO2 columns are still increasing over this area in spite of
measures taken to reduce specific NOx emissions, probably because of continuing growth in
the number of cars and production of cement and energy (Zhang et al., 2007). In how far
changes in aerosol loading are also relevant through their impact on the light path is still a
subject of further investigations.
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