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ABSTRACT

SCIAMACHY onboard ENVISAT enables the retrieval
of atmospheric methane with high sensitity towards the
ground. Methane is the second most important green-
house gas. However, the partitioning of global methane
sources is still highly uncertain. Further, a newly dis-
covered additional source, viz. direct plant emissions,
requires other sources to be reassessed. SCIAMACHY
from its vantage point in space now offers the possibil-
ity of sensing methane globally. However, high accuracy
is needed in order to employ the retrievals in source in-
version models. This work shows latest methane results
from SCIAMACHY with special focus on retrieval ac-
curacy. The retrievals are compared with atmospheric
chemistry models and first results of source inversions
using SCIAMACHY data and the TM5 model will be
shown. These inversions comfirm previous studies that
tropical methane sources are so far underestimated.
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1. INTRODUCTION

Methane (CH4) is, after carbon dioxide, the second most
important anthropogenic greenhouse gas, contributing di-
rectly 0.48 W/m2 to the total anthropogenic radiative
forcing of 2.43 W/m2 by well-mixed greenhouse gases
(IPCC, 2001). In addition, it exhibits an indirect effect of
about 0.13 W/m2 through formation of other greenhouse
gases, most notably tropospheric ozone and stratospheric
water vapor (Lelieveld et al., 1998).

Reduction of methane emissions could at present be a
cost-effective and feasible strategy for reducing positive
radiative forcing (Hansen et al., 2000).

Also the Kyoto protocol calls for an independent global
quantification and monitoring of emissions (IPCC, 2001;

Bergamaschi et al., 2004). According to current emis-
sion inventories, approximately 70% of global methane
emissions are anthropogenic (Lelieveld et al., 1998).
The largest contributors are fossil fuel production, rumi-
nants, waste handling and rice cultivation (Olivier and
Berdowski, 2001). Wetlands constitute the most impor-
tant natural source. Although the global annual source
strength of methane (550 50 Tg/yr−1) is comparatively
well constrained, considerable uncertainties still exist in
regard to the partitioning amongst sources and their spa-
tial and temporal distribution.

Satellites offer the unique possibility of sensing methane
globally, retrieving methane abundances in remote areas
where ground based measurements might be complicated
or even impossible due to infrastructural or political ob-
stacles.

2. THE SCIAMACHY INSTRUMENT

SCIAMACHY (SCanning Imaging Absorption spec-
troMeter for Atmospheric CHartographY) [Bovensmann
et al., 1999] on board the European Space Agencys envi-
ronmental research satellite ENVISAT consists of 8 indi-
vidual grating spectrometer channels (1 through 8) mea-
suring in the ultraviolet, visible and near infrared wave-
length regions (240 nm2380 nm) of the solar spectrum.
The satellite operates in a near polar, sunsynchronous or-
bit at an altitude of 800 km with a local equator crossing
time of approximately 10:00 am. The instrument alter-
nates between limb and nadir modes of measurement. In
the latter mode, a swath of 960 km gives full global cover-
age every six days (14 orbits per day). The typical ground
pixel size of SCIAMACHY is 30 km (along-track, i.e.,
approximately north-south) times 60 to 120 km (across-
track, i.e., approx. east-west). SCIAMACHY is an ad-
vanced successor of GOME (Global Ozone Monitoring
Experiment) on board ERS-2, the smaller footprint being
one of its major improvements. Both GOME and SCIA-
MACHY are equipped with UV/Vis spectrometers, en-
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abling global detection of NO2, BrO, OClO, H2O, SO2,
O3, CH2O, O2 and O4 as well as providing information
on clouds and aerosols (Burrows et al., 1999). 2002]. [9]
In addition to GOME, SCIAMACHY features three near
infrared spectrometers (ch. 6: 1000 to 1750 nm, ch. 7:
1940 to 2040 nm, and ch. 8: 2265 to 2380 nm) that en-
able global measurements of total columns of CH4, CO2,
N2O and CO by means of differential optical absorption
spectroscopy (DOAS)

3. RETRIEVAL METHODS AND RESULTS

We use an improved version of the IMAP-DOAS algo-
rithm (Frankenberg et al., 2005c) to retrieve methane and
carbon dioxide from SCIAMACHY short wave infrared
spectra. ECMWF pressure, temperature and water va-
por profiles are used as prior input. More information on
the retrieval and the determination of the column aver-
aged mixing ratio of methane by using concurrent CO2

measurements as proxy for the light path can be found
in Frankenberg et al. (2005c,b,a). First inversion results
based on the previous version of methane retrievals are
presented in Bergamaschi et al. (2007).

Figure 1. SCIAMACHY column averaged mixing ratio
for the year 2004

Figure 1 depicts a global average of the methane col-
umn averaged mixing derived by SCIAMACHY using a
model to account for CO2 variations. The north-south
gradient as well as enhacements in Asia, Africa and
South-America can be clearly identified. Over South
America, SCIAMACHY measurements are persistently
higher than the model predicts (plot not shown here).
Thus, earlier findingsbased on the previous retrieval ver-
sion and showing enhanced concentrations over tropical
regions, can be confirmed with the improved retrieval al-
gorithm.

Figure 2 shows the timeseries of the CH4/CO2 ratio mea-
sured by SCIAMACHY over Australia. The decline in
the ratio can be clearly attributed to the increase in the to-
tal column of carbon dioxide. Despite very low variations
in both trace gases, SCIAMACHY corresponds very well
with the model, underlining the high accuracy and preci-
sion of the new retrieval version.

Figure 2. Running average (± 15 days) of the CH4/CO2

ratio measured by SCIAMACHY and the ratio of the mod-
elled values. The lower panel shows the corresponding
model xVMRs for methane (mulitplied by210) and CO2,
respectively.

More information will be available in a paper currently
being in preparation [Frankenberg et al. 2007, manuscript
in preparation].

4. CONCLUSIONS

The space-borne spectrometer SCIAMACHY on board
ENVISAT now enables first precise measurements of at-
mospheric methane from space with high sensitivity in-
cluding toward the ground and global coverage over con-
tinents. An extended analysis of a 2 year dataset and
first source inversion based on the dataset haven been pre-
sented in Frankenberg et al. (2005a); Bergamaschi et al.
(2007).
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