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[1] The SCIAMACHY satellite instrument shows
enhanced carbon monoxide (CO) columns in the Southern
Hemisphere during the local Spring. Chemistry-transport
model simulations using the new GFEDv2 biomass-burning
emission database show a similar temporal and spatial CO
distribution, indicating that the observed enhancements are
mainly due to biomass burning (BB). Large differences
between the year 2003 and 2004 are observed in both the
measurements and the model for South America and
Australia. This study analyzes the origin of these observed
enhancements in the Southern Hemisphere. The fact that
SCIAMACHY is sensitive to surface CO allows for the
observation of enhanced CO columns in both emission
areas and in areas that are affected by long-range transport
of CO. Model results show a large contribution of South
American BB CO over Australian BB regions during the
2004 BB season of up to �30–35% and up to 55%
further south, with smaller contributions for 2003. BB
CO transported from southern Africa contributes up to
�40% in 2003 and �30% in 2004. The results indicate
that differences between SCIAMACHY CO and the
model simulations over Australian BB areas are probably
not only caused by uncertainties in local emissions
but also in overseas emissions. Citation: Gloudemans,

A. M. S., M. C. Krol, J. F. Meirink, A. T. J. de Laat, G. R. van

der Werf, H. Schrijver, M. M. P. van den Broek, and I. Aben

(2006), Evidence for long-range transport of carbon monoxide in

the Southern Hemisphere from SCIAMACHY observations,

Geophys. Res. Lett., 33, L16807, doi:10.1029/2006GL026804.

1. Introduction

[2] With a lifetime of weeks to months carbon monoxide
(CO) is an excellent tracer of atmospheric transport process-
es. It is also the major sink of OH and an important pollutant.
One of its major sources is seasonal biomass burning
(hereafter: BB). The SCanning Imaging Absorption spec-
troMeter for Atmospheric CHartographY (SCIAMACHY)
on board the ENVISAT satellite, allows the measurement of
global distributions of CO down to the Earth’s surface.
SCIAMACHY observations show significant CO total col-

umn enhancements over well-known BB areas [e.g.,
Buchwitz et al., 2004, 2005; Frankenberg et al., 2005;
Buchwitz et al., 2006; de Laat et al., 2006]. Evidence for
intercontinental transport of CO in the Southern Hemisphere
(SH) has been found from several aircraft campaigns [e.g.,
Staudt et al., 2001, 2002; Pak et al., 2003; Sinha et al.,
2004], focussing on remote locations and short time periods
of <6 months. Longer time series have been investigated by
Bowman [2006] using trajectory analyses and qualitative
comparison with MOPITT (Measurements Of Pollutants In
The Troposphere [Deeter et al., 2003]).
[3] Although near-infrared SCIAMACHY observations

over sea are complicated due to low signal-to-noise, they
do have a good sensitivity to surface CO over land contrary
to thermal measurements as currently performed by
MOPITT, AIRS (Atmospheric InfraRed Sounder [McMillan
et al., 2005]), and TES (Tropospheric Emission Spectrom-
eter [Beer et al., 2001]). Thus, both local emissions and CO
transported from overseas emission areas can be studied.
This allows to determine their relative contributions over
emission areas as well as over more remote regions on a
global scale for long time periods. Here a quantitative
analysis of a 16 month period of SCIAMACHY CO data
at 12 locations in the SH is presented. The study focusses on
the origin of the observed CO enhancements over BB
regions and nearby areas, as well as their interannual
variation.

2. Measurements and Transport Model

[4] The SCIAMACHY CO total columns have been
retrieved with the Iterative Maximum Likelihood Method
(IMLM) version 6.3 between 2324.5–2337.9 nm [Gloude-
mans et al., 2005; de Laat et al., 2006]. The continuous
growth of an ice layer on the detector and an increasing
number of radiation-damaged detector pixels over time
complicate the near-infrared retrievals. In-flight decontami-
nations, an improved calibration, and inclusion of an ice
layer correction in the IMLM retrievals have reduced their
effects [Gloudemans et al., 2005]. de Laat et al. [2006]
show that the resulting SCIAMACHY CO total columns
agree well spatially and temporally with chemistry-transport
model simulations when using monthly mean CO on a 3� �
2� lon-lat grid, provided the signal-to-noise ratio of the
spectra and the number of collocations are sufficient. Here,
the same data set, selection criteria, and weighting proce-
dure as in de Laat et al. [2006] is used to construct monthly
mean CO total columns on a 3� � 2� lon-lat grid. Whereas
de Laat et al. [2006] only use SCIAMACHY observations
with cloud cover <20%, here also data with collocated CH4

columns >3 � 1019 molec/cm2, corresponding to clouds
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and/or smoke from forest fires below 1.5 km are included in
order to increase the number of collocations over BB areas.
Although in this case only the CO above the smoke/cloud is
measured, no significant bias is found compared to de Laat
et al. [2006], suggesting that these observations contain
smoke/clouds well below 1.5 km.
[5] The model calculations are performed with the same

global chemistry-transport model (TM4) as in de Laat et al.
[2006] on a 3� � 2� lon-lat grid. However, the independent
satellite-based BB emission database (GFEDv2) from van
der Werf et al. [2006] is used rather than the climatological
emissions from the EDGAR 2.0 database [van Aardenne et
al., 2001] as used by de Laat et al. [2006]. The vertical
distribution of the BB emissions follows the recommenda-
tion for the AEROCOM model intercomparison [Dentener
et al., 2006]. In addition, so-called tagged tracer simulations
have been performed with a transport-only version. In these
simulations a BB CO tracer was released over either South
America, Africa, Australia, or Indonesia + Southeast Asia.
Chemical destruction of CO in that version is calculated by
using monthly averaged OH fields from the full chemistry
simulation while retaining monthly mean diurnal variation
in OH.

3. SCIAMACHY Compared to Model CO

[6] Figure 1 shows the comparison between monthly
mean SCIAMACHY CO and the temporally and spatially
collocated TM4 results at 12 SH 3� � 2� grid boxes for the
period September 2003–December 2004. Locations near
(A, F, K, and L in Figure 2) and over (B–E and G–J in
Figure 2) BB emission areas are selected in order to capture
both local emission and transport of CO. At all locations CO
columns are available for all 16 months with a mean
monthly random noise error better than �6% based on up

to 47 collocations per month (see auxiliary material1

Table S1), warranting a reliable seasonality of the data.
Such a precision is achieved over areas with a moderate to
high surface albedo in the near infrared [de Laat et al.,
2006]. Systematic retrieval errors over such regions are
estimated to be below 10%.
[7] Outside the BB season, model and SCIAMACHY

agree well with an average difference <5%, much smaller
than the bias Dils et al. [2006] find for SH ground-based
comparisons. However, the ground-based comparisons cover
only 3 SH stations with few exact collocations, surface
albedos <0.1, and SCIAMACHY random noise errors well
above 10%. During the 2004 BB season, i.e., about August
to November, South America and Australia show much
larger CO enhancements than in 2003, with higher values in
South America than in Australia. In southern Africa the
2003 and 2004 maxima seem comparable. The interannual
variations in the modeled CO columns are mainly driven by
the BB CO emissions as described by van der Werf et al.
[2006] and only to a minor extend by transport differences,
since simulations with climatological emissions used in de
Laat et al. [2006] show only minor interannual variability in
modeled CO. The resulting model enhancements around
September–October are in good agreement with the
observed SCIAMACHY CO columns. The GFEDv2 emis-
sions by van der Werf et al. [2006], which are based on
actual fire counts scaled to burned area, thus provide a
major improvement. The MOPITT CO columns over South-
America shown in Bowman [2006] hardly vary between
2003 and 2004. MOPITT, however, has lower sensitivity to
the boundary layer, which contains most of the BB CO in
emission areas.

Figure 1. Comparison of SCIAMACHY (black) and TM4 (red) monthly mean variability for 12 SH locations (see Figure
2) between September 2003 and December 2004. Error bars denote the 1s noise errors.

1Auxiliary material data sets are available at ftp://ftp.agu.org/apend/gl/
2006gl026804. Other auxiliary material are in the HTML.
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[8] Figure 1 also shows significant differences between
model and SCIAMACHY. For instance, the observed
enhancements are generally larger than the model simula-
tions. These differences are significant compared to those
found outside the BB season. Possible biases in the retriev-
als or due to modeling assumptions are also much smaller.
This indicates that, although the timing of the BB emissions
seems correct in the GFEDv2 database, the absolute mag-
nitude may be too low. CO emissions in South America
may be high because of deforestation as well as mainte-
nance fires, but frequent cloud cover hinders satellite
observation of these fires. Therefore, the satellite-based
GFEDv2 emissions probably underestimate real emissions
[van der Werf et al., 2006]. In December 2003 locations B
and C show much larger SCIAMACHY CO columns
compared to the model. Within a month, the GFEDv2 CO
emissions are evenly distributed in the model. However, the
MODIS fire counts are about 6 times higher in the second
week of December 2003 than in the first week [Giglio,
2005]. Valid SCIAMACHY CO columns are available only
for this second week, which may explain the higher SCIA-
MACHY values.
[9] In southern-African location E the SCIAMACHY CO

peaks �1 month later than the model. Van der Werf et al.
[2006] note that in southern Africa the fire season shifts
through time from west (D, grassland) to east (E, woodland)
and that greater burned area in the west and their
corresponding emissions combined with their coarse spatial
resolution modeling framework leads to a peak somewhat
too early for regions east of �25�E. The SCIAMACHY CO
columns seem to confirm this, since E maximizes later than
the more westerly location D. In addition, CO emissions
from woodland burning (E) may be underestimated in the
GFEDv2 database, because the low spatial resolution ham-
pers a differentiation between grassland and woodland fires
[van der Werf et al., 2006]. Location F is located south of
the emission region and transport probably causes the later
CO BB maximum in both the model and SCIAMACHY.

4. Origin of CO Excess

[10] The Australian locations are particularly interesting
since long-range transport from South America and Africa
has been shown to affect CO concentrations over remote
areas in the South Pacific and over southeast Australia

[Staudt et al., 2002; Pak et al., 2003]. The CO columns
over mid Australia (K and L) maximize around October,
whereas in South America the BB peak occurs around
September. Southern Africa maximizes around Septem-
ber–October depending on the location. The analysis pre-
sented by Bowman [2006] shows that South-American
emissions reach Australia within a few weeks, in good
agreement with the SCIAMACHY observations. His ana-
lyzed wind fields for October 2002 suggest that long-range
transport could also have a pronounced effect over the
northern BB emission areas in Australia (G–J) and that
both southern African and Indonesian emissions may con-
tribute as well.
[11] The individual contributions for 2003 and 2004 are

quantified using the tracer model described in section 2. The
rationale is that interannual variability in CO emissions is
dominated by BB rather than other CO sources. Figure 2
shows that the high South American CO emissions in 2004
lead to accumulation over the southern Atlantic. Part of this
accumulated CO enters the westerlies and is transported to
Australia. Analyses of Cape Grim surface measurements
show no enhancements, confirming that the CO transported
from South America is located in the free troposphere
(auxiliary material Figure S1) [Pak et al., 2003].
[12] Figure 3 shows the CO contribution of the different

tracers and their sum. The SCIAMACHY BB CO has been
estimated by subtracting the modeled non-BB columns from
the total observed columns. The results confirm the qualita-
tive analyses by Bowman [2006] and show that in mid-
Australia (K,L) the CO columns are dominated by BB CO
transported from South America during the 2004 BB season.
During the 2003 BB season, South America and Africa each
contribute �35–40%. Sinha et al. [2004] find comparable
contributions for South America and Africa in 2000. This
agrees well with the southern-Africa-to-South America BB
emission ratio, which is about equal in 2000 and 2003 [van
der Werf et al., 2006]. African 2004 emissions are compa-
rable to 2003. In contrast, South American BB emissions in
2004 are about 2–3 times larger than in 2003 [van der Werf
et al., 2006]. This agrees well with the 2004/2003 CO
column ratios of the South American BB tracer over Aus-
tralia (G–L) of 2.2–3.1 and over South American emission
regions of 2.6–3.1 (Figure 3, purple lines). Thus, the
interannual variability of the South American CO column
contributions over Australia are largely determined by the
2003–2004 emission variations over South America. This
strengthens our findings that the 2003–2004 interannual
variation in CO columns over Australia is strongly related to
variability in South American BB emissions and only to a
minor extend to transport variability. Interestingly, the con-
tribution of Australian fires during the BB season is <27%
over mid-Australia (K,L). According to the GFEDv2 inven-
tory, even in northern Australia (I,J) these fires are not the
major contributor. At G and H which are in the center of the
fire region, the Australian contribution dominates, but even
here the South American emissions contribute �25–30% in
2004 and �15–30% in 2003. An important fraction of the
enhanced CO columns observed by SCIAMACHY over
Australia is thus due to intercontinental transport of CO
emitted in South America.
[13] In addition to the findings over Australia, the con-

tribution of South American emissions to the CO excess

Figure 2. CO column results for October 2004 from the
tracer model including only BB emissions in South
America. Transport of CO from South America to Southern
Africa and Australia is clearly visible. Locations A–L from
Figure 1 are shown.
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over Africa (D–F) is also found to be significantly higher
in 2004 than in 2003, emphasizing that the interannual
variability of South American BB emissions has a pro-
found effect on observed CO columns over all three SH
continents.

5. Concluding Remarks

[14] The findings reported here indicate that differences
between model simulations and SCIAMACHYobservations
cannot be explained by systematic errors in SCIAMACHY
CO or uncertainties in the local emission estimates only.
Intercontinental transport of BB CO, for instance from
South America to Australia, clearly contributes to the
observed CO columns. Furthermore, significant interannual
variation in the contributions of local and overseas BB CO
has been identified, which is largely due to interannual
variability in emissions rather than transport variability. The
sensitivity of SCIAMACHY to surface CO provides good
opportunities for the inverse estimation of CO emissions.
Moreover, synergy with MOPITT, AIRS, and TES which
are mostly sensitive to middle and upper tropospheric CO,
will allow a better quantification of the contribution of local
and overseas emissions in order to improve current emission
estimates.
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Burrows (2004), Global carbon monoxide as retrieved from SCIAMA-
CHY by WFM-DOAS, Atmos. Chem. Phys., 4, 1945–1960.

Buchwitz, M., et al. (2005), Carbon monoxide, methane and carbon dioxide
columns retrieved from SCIAMACHY by WFM-DOAS: Year 2003 in-
itial data set, Atmos. Chem. Phys., 5, 3313–3329.

Buchwitz, M., et al. (2006), Atmospheric carbon gases retrieved from
SCIAMACHY by WFM-DOAS: version 0.5 CO and CH4 and impact
of calibration improvements on CO2 retrieval, Atmos. Chem. Phys., 6,
2727–2751.

Deeter, M. N., et al. (2003), Operational carbon monoxide retrieval algo-
rithm and selected results for the MOPITT instrument, J. Geophys. Res.,
108(D14), 4399, doi:10.1029/2002JD003186.

de Laat, A. T. J., A. M. S. Gloudemans, H. Schrijver, M. M. P. van den
Broek, J. F. Meirink, I. Aben, and M. Krol (2006), Quantitative analysis
of SCIAMACHY carbon monoxide total column measurements, Geo-
phys. Res. Lett., 33, L07807, doi:10.1029/2005GL025530.

Dentener, F., et al. (2006), Emissions of primary aerosol and precursor
gases in the years 2000 and 1750 prescribed data-sets for AeroCom,
Atmos. Chem. Phys. Disc., 6, 2703–2763.

Dils, B., et al. (2006), Comparisons between SCIAMACHY and ground-
based FTIR data for total columns of CO, CH4, CO2 and N2O, Atmos.
Chem. Phys., 6, 1953–1976.

Frankenberg, C., U. Platt, and T. Wagner (2005), Retrieval of CO from
SCIAMACHY onboard ENVISAT: Detection of strongly polluted areas
and seasonal patterns in global CO abundances, Atmos. Chem. Phys., 5,
1639–1644.

Figure 3. Contribution of different CO BB sources to the SCIAMACHY CO columns at locations A–L, as derived from
the tracer model, which is sampled in the same way as SCIAMACHY CO. Indonesia + Southeast Asia contributes <0.17 �
1018 molecules/cm2 and is therefore not shown. Corresponding numbers of all tracers are listed in Table S2 of the auxiliary
material. The SCIAMACHY BB CO is estimated by subtracting the modeled non-BB columns from the total observed
columns. The 1s monthly variability of SCIAMACHY (grey bars) - which is larger than the noise error - is mostly larger
than the modeled variability (auxiliary material Table S2) because the model has a lower spatial resolution (3� � 2�) and
contains only monthly mean emissions. The black dashed line shows the zero level.

L16807 GLOUDEMANS ET AL.: SCIAMACHY CO SEES LONG-RANGE TRANSPORT L16807

4 of 5



Giglio, L. (2005), MODIS Collection 4 Active Fire Product User’s Guide,
Version 2.0 (May 2005), report, Univ. of Maryland, College Park, Md.

Gloudemans, A. M. S., et al. (2005), The impact of SCIAMACHY near-
infrared instrument calibration on CH4 and CO total columns, Atmos.
Chem. Phys., 5, 2369–2383.

McMillan, W. W., C. Barnet, L. Strow, M. T. Chahine, M. L. McCourt, J. X.
Warner, P. C. Novelli, S. Korontzi, E. S. Maddy, and S. Datta (2005),
Daily global maps of carbon monoxide from NASA’s Atmospheric Infra-
red Sounder, Geophys. Res. Lett., 32 , L11801, doi:10.1029/
2004GL021821.

Pak, B. C., et al. (2003), Measurements of biomass burning influences in
the troposphere over southeast Australia during the SAFARI 2000 dry
season campaign, J. Geophys. Res., 108(D13), 8480, doi:10.1029/
2002JD002343.
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