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Abstract. Acetylene (C2H2) volume mixing ratios (VMRs)
have been successfully retrieved from the Michelson In-
terferometer for Passive Atmospheric Sounding (MIPAS)
Level 1B radiances during August 2003, providing the first
global map of such data and ratios to CO in the literature.
The data presented here contain most information between
300 hPa and 100 hPa with systematic errors less than 10 % at
the upper levels. Random errors per point are less than 15 %
at lower levels and are closer to 30 % at 100 hPa.

Global distributions of the C2H2 and C2H2/CO ratio con-
firm significant features associated with both the Asian mon-
soon anticyclone and biomass burning for this important hy-
drocarbon in a characteristic summer month (August 2003),
showing tight correlations regionally, particularly at lower to
medium values, but globally emphasising the differences be-
tween sources and lifetimes of CO and C2H2. The corre-
lations are seen to be particularly disturbed in the regions
of highest C2H2 concentrations, indicating variability in the
surface emissions or fast processing.

A strong isolation of C2H2 within the Asian monsoon an-
ticyclone is observed, evidencing convective transport into
the upper troposphere, horizontal advection within the anti-
cyclone at 200 hPa, distinct gradients at the westward edge
of the vortex and formation of a secondary dynamical fea-
ture from the eastward extension of the anticyclone outflow
over the Asian Pacific. Ratios of C2H2/CO are consistent
with the evidence from the cross-sections that the C2H2 is
uplifted rapidly in convection.

Observations are presented of enhanced C2H2 associated
with the injection from biomass burning into the upper tro-
posphere and the outflow from Africa at 200 hPa into both
the Atlantic and Indian Oceans. In the biomass burning re-
gions, C2H2 and CO are well correlated, but the uplift is less
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marked and peaks at lower altitudes compared to the strong
effects observed in the Asian monsoon anticyclone. Ratios
of C2H2/CO clearly decay along transport pathways for the
outflow, indicating photochemical ageing of the plumes.

Overall, the data show the distinctive nature of C2H2 dis-
tributions, confirm in greater detail than previously possible
features of hydrocarbon enhancements in the upper tropo-
sphere and highlight the future use of MIPAS hydrocarbon
data for testing model transport and OH decay regimes in the
middle to upper troposphere.

1 Introduction

The burning of vegetation, both living and dead, can re-
lease large quantities of gases into the atmosphere. Biomass
burning is therefore a major source for the injection of
trace gases into the atmosphere. Biomass burning and com-
bustion were thought to be the major sources of acetylene
(C2H2) (Hegg et al., 1990; Blake et al., 1996; Whitby and
Altwicker, 1978). However, recent work proposes biofuel
emissions as the dominant source with Xiao et al. (2007)
estimating that as much as half of global C2H2 is biofuel-
related (3.3 Tg yr−1) with the remainder due to fossil fuel
(1.7 Tg yr−1) and biomass burning (1.6 Tg yr−1). Streets
et al. (2003) found that 45% of the C2H2 emissions in Asia
were due to biofuel.Streets et al.(2003) make a clear dis-
tinction between open biomass burning (i.e. forest fires) and
the combustion of biofuels (wood, crop residue, dung, etc.)
in domestic cooking and heating. The importance of biofuel
as a C2H2 source has also been identified in Africa where
the emission of C2H2 due to biofuel was significantly greater
than that due to savannah biomass burning (Bertschi et al.,
2003).

It is estimated that Asia accounts for around 70 % of global
biofuel emissions as well as being a significant source for
biomass burning and industrial emissions. Africa is also
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a significant source of C2H2 emissions, whether through
biomass burning, fossil fuel or biofuel emissions. The work
presented here is intended to confirm the large C2H2 concen-
trations emanating from these regions.

The concentration of C2H2 is strongly correlated to CO
and the C2H2/CO ratio can act as an indicator for source
emissions and as a robust tracer for the photochemical evo-
lution of the air mass since it last encountered a combus-
tion source (Xiao et al., 2007). This allows an estimation
of the relative photochemical age of biomass plumes and the
amount of photochemical processing that the plume has un-
dergone.

In addition to the interest in C2H2 as a tracer for the trans-
port of biomass/biofuel burning, C2H2 plays an important
role in the formation of glyoxal (CHOCHO) with implica-
tions for the production of secondary organic aerosol (SOA)
(Volkamer et al., 2009). Hence, the ability to retrieve global
distributions of C2H2 may also prove important for future air
quality and climate simulations.

Whilst vertical profiles of C2H2 have been observed from
aircraft measurements (Smyth et al., 1996; Talbot et al.,
2003) and more recently from satellite observations (Rins-
land et al., 2005), there is still some uncertainty as to the
distribution of C2H2 due to the poor understanding of the
emissions from the large number of varying sources (Streets
et al., 2003). Recent work byPark et al.(2008) has observed
enhancements of C2H2 inside the Asian monsoon anticy-
clone from space with the Atmospheric Chemistry Exper-
iment (ACE-FTS) FTIR instrument (Bernath et al., 2005).
Due to the solar occultation technique used there are rel-
atively few observations over the tropical region, with the
majority of ACE-FTS observations occurring at polar lati-
tudes. This sparse spatial sampling makes it necessary, par-
ticularly in the tropics, to average occultation data over multi-
ple months and years, making it less well-suited when study-
ing dynamical events on short time-scales.Park et al.(2008)
were able to find only∼40 ACE-FTS profiles within the an-
ticyclone between June and August over over 3 years (2004
to 2006).

In the present work, we wished to develop a new global set
of observations, with which to overcome these problems, us-
ing infrared limb emission spectra for the upper troposphere
recorded with the Michelson Interferometer for Passive At-
mospheric Sounding (MIPAS). These provide greater tempo-
ral and spatial resolution than the ACE-FTS instrument albeit
with a lower signal to noise ratio (SNR) per individual pro-
file compared to the solar occultation method employed by
ACE-FTS. Despite the higher noise on an individual profile,
it was expected that good quality, high spatial resolution, dis-
tributions of C2H2 could be successfully determined on a per
profile basis. Given the importance of the Asian monsoon an-
ticyclone and biomass burning, the second objective of this
work was to produce the first global map of C2H2, focusing
on August 2003 where both effects could be observed. This
would demonstrate both the quality of the data and provide

useful information on the morphology of C2H2 which has
not previously been observed in such great detail globally.

2 The MIPAS instrument

MIPAS is a core instrument onboard the ENVIronmental
SATellite (ENVISAT) Satellite launched in March 2002.
Measurements are performed by mid-infrared limb emission
sounding of the atmosphere with a nominal mode (March
2002–March 2004) of 17 tangent altitudes with a vertical
resolution of 3 km in the upper troposphere. MIPAS is a
Fourier transform infrared spectrometer with a 0.025 cm−1

unapodised spectral resolution and measures over a large
spectral range, from 685 cm−1 to 2410 cm−1, observing the
region of the atmospheric spectrum where there are a variety
of molecules with vibration-rotation bands with well-defined
absorption lines (Fischer et al., 2008). MIPAS is able to de-
tect a wide range of trace species and is operationally used to
retrieve pressure, temperature, O3, H2O, CH4, HNO3, N2O
and NO2 from 6 to 68 km (Raspollini et al., 2006). Var-
ious non-operational trace species have been detected and
retrieved from MIPAS spectra including PAN (Moore and
Remedios, 2010; Glatthor et al., 2007), HCFC-22 (Moore
and Remedios, 2008) and C2H6 (von Clarmann et al., 2007).

This work utilises the full resolution Level 1B (L1B) MI-
PAS spectra from August 2003 with the instrument measur-
ing at 17 vertical levels and an unapodised spectral resolution
of 0.025 cm−1 before technical issues resulted in a reduction
in resolution to 0.0625 cm−1 after August 2004.

3 Determination of C2H2 in the upper troposphere

The objective of the retrieval work was to examine the C2H2
spectral signatures in MIPAS L1B spectra with a full op-
timal estimation retrieval algorithm in order to identify re-
gions of high C2H2 volume mixing ratios (VMRs). Due to
the high spatial sampling of the MIPAS instrument, such re-
trievals allow global sampling of dynamical events at rele-
vant timescales, of particular relevance to regions of biomass
burning and deep convection such as the Asian Monsoon an-
ticyclone.

The spectral window used for this work is outlined in
Fig. 1 where the contributions from each species to the to-
tal radiance (black) are shown. The Oxford Reference For-
ward Model (RFM) (Dudhia, 2005b) was used to model the
spectra as observed by MIPAS. The RFM is a line-by-line
radiative transfer model based on the GENLN2 model (Ed-
wards, 1992). The spectroscopic information is taken from
the HITRAN2004 spectral database (Rothman et al., 2005;
Jacquemart et al., 2003) and in this case the simulation uses
a standard atmospheric climatology (Remedios et al., 2007)
with an enhancement of the C2H2 profile typical of biomass
burning taken fromRinsland et al.(2005).

Atmos. Chem. Phys., 11, 10243–10257, 2011 www.atmos-chem-phys.net/11/10243/2011/



R. J. Parker et al.: MIPAS retrievals Of acetylene 10245

775.0 775.5 776.0 776.5 777.0
wavenumber (cm-1)

10

100

1000

10000

ra
di

an
ce

 (
nW

/c
m

2  s
r 

cm
-1
)

total
C2H2
H2O
CO2
O3
NO2
HNO3
HCN
CCL4

Fig. 1. RFM simulation of a 12 km MIPAS spectra at a 0.025 cm−1

resolution covering a 2 cm−1 range around the prominent C2H2
feature at 776.075 cm−1. This shows the contribution to the
C2H2 microwindow (776.0 cm−1 to 776.15 cm−1) from interfer-
ing species and uses a standard atmosphere background with an
enhanced C2H2 profile typical of biomass burning observations.
These contributions are defined as the difference between the total
simulated radiance and the simulated radiance when the contribut-
ing gas has been omitted from the calculation.

In Fig. 1, one line of theν5 band of C2H2 (purple line)
can be seen to be the dominant feature in the 776.0 cm−1 to
776.15 cm−1 spectral range and unlike other C2H2 spectral
lines in this region at 755 cm−1, 762 cm−1 and 766.7 cm−1

the line is not masked by a strong ozone feature (Rinsland
et al., 1998). This clear spectral line allows the unambiguous
identification of enhanced C2H2 in MIPAS L1B spectra in
this microwindow.

3.1 Retrieval method

A full optimal estimation approach was taken to retrieve the
C2H2 VMR. The MIPAS Orbital Retrieval using Sequential
Estimation or MORSE (Dudhia, 2005a) scheme is an opti-
mal estimation scheme developed by the University of Ox-
ford based on the approach taken byRodgers(2000) and has
recently been used to successfully retrieve peroxyacetyl ni-
trate (PAN) from MIPAS observations byMoore and Reme-
dios(2010) where further details of the retrieval scheme are
provided.

The MORSE approach involves the inversion of the mea-
sured spectral radiances (y) in order to obtain the best so-
lution for the retrieved parameters (the state vectorx) with
the associated random error,ε. The relationship between the
retrieved parameters and the measured radiances is defined
by a forward modelF(x), in this case the RFM, which per-
forms the radiative transfer calculations to calculate the ex-
pected radiance given the input parameters. The retrieval is
performed sequentially, layer by layer.

As described byRodgers(2000), the solution to the above
is constrained with respect to the a priori information (in this
case standard climatologies) by the a priori covariance and
the solution is found by minimising the cost functionχ2 via
an iterative procedure where the state vector (x) is updated
after each iteration.

This iterative procedure for the state vector is

xi+1 = xi −(S−1
a +KT

i S−1
y K i +γ D)−1 (1)

(−KT
i S−1

y [y −F(xi)]+S−1
a [xi −xa])

where K is the Jacobian matrix,xa is the a priori value
and D is the scaling matrix. Sa is the a priori covari-
ance matrix where diagonal values equivalent to a 1000 %
standard deviation of the C2H2 VMR along with a correla-
tion length (off-diagonal decay of covariance with altitude)
of 3 km were necessary to account for the large variations
in VMR over biomass burning regions.Sy is the mea-
surement error covariance and was taken to be equivalent
to a conservative estimate of the MIPAS spectral noise in
Band A of 40 nW/(cm2 sr cm−1) (Fischer et al., 2008); note
that the noise in apodised spectra can reduce to lower than
20 nW/(cm2 sr cm−1).

The reduction of the cost function at each iteration is used
to test for convergence and the final value is useful in de-
termining whether the obtained solution is a sensible value.
Ideally, the value forχ2 should be equal to the number of
degrees of freedom in the retrieval.

In order to accurately retrieve C2H2 it was necessary to
obtain accurate VMRs of the other interfering species in the
spectral range. Therefore, prior to retrieving C2H2, MORSE
was used to retrieve profiles of pressure/temperature, H2O,
O3 and HNO3 respectively which were subsequently used as
a priori for the C2H2 retrievals. The sensitivity of the re-
trieval to these species is examined in Sect.3.3.

3.2 Retrieval setup

C2H2 VMRs were retrieved for August 2003 for the 9 km
to 30 km nominal MIPAS altitudes. The results presented in
this paper are primarily for the upper-tropospheric limb mea-
surements at a 12 km nominal altitude with a corresponding
average pressure of 200 hPa. The retrieval used MORSE L1C
files which were created by extracting radiance information
for the C2H2 microwindow from the MIPAS L1B spectra and
applying a Norton-Beer Medium apodisation. Only retrieved
data where the cloud index (Spang et al., 2004) was greater
than 4.0 (corresponding to clear-sky conditions) and the nor-
malisedχ2 value was less than 2.0 were used. It was also
confirmed that there were only small differences between the
measured and simulated spectra, with maximum values less
than 40 nW/(cm2 sr cm−1), consistent with MIPAS measure-
ment noise.

3.3 Error analysis

Figure 2 shows the final errors calculated for the retrieval,
showing the total calculated error (solid line), the ran-
dom component (dotted line) and the systematic compo-
nent (dashed line). The systematic model parameter er-
rors shown for each variable are 1σ values calculated from
measured biases in the MIPAS data and were taken from
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Fig. 2. Contributions to the C2H2 retrieval error. The total er-
ror (solid line), random error (dotted line) and the systematic error
(dashed line) are all shown as well as the various components to
the systematic error such as the Instrument Line Shape and spectro-
scopic errors.

Fischer et al.(2008). Uncertainties of 2 % were assumed for
pressures and 1 K for temperatures. Water vapour was as-
sumed to have an uncertainty of 20 %, with 10 % for O3 and
HNO3 and 5 % for CCl4. The errors associated with the
Gain, Shift and Spread were calculated using perturbations
to the instrument line shape of 4 %, 2 % and 4 % respectively
and an offset error of 2 nW/(cm2 sr cm−1) was assumed, with
these values taken fromFischer et al.(2008). The error re-
lating to the C2H2 spectroscopy was conservatively assumed
to be 5 % withJacquemart et al.(2003) giving an error of
between 2 % and 5 %.

The total error on the retrieved VMR was estimated to be
15.6 % at 200 hPa, largely related to the random retrieval
noise (14 %) and only 6.9 % related to the systematic er-
rors. Of those systematic errors, the uncertainty in the
C2H2 spectroscopy, instrument line-shape effects and pres-
sure/temperature profiles were the dominant contributors;
with only a minimal contribution from the uncertainty in the
VMRs of other species in this spectral window. As the C2H2
profile decreases rapidly with altitude, above 120 hPa there is
a greatly reduced signal and hence the random error increases
substantially. At these high altitudes the O3 and HNO3 un-
certainties add to the overall error whilst at lower altitudes
(300 hPa and above), the uncertainty in water vapour VMR
has a much larger affect.

3.4 Data evaluation

Unfortunately, there were very few measurements of C2H2
by other observing systems during the time period of the MI-
PAS nominal mode operations (full spectral resolution). The
error analysis of the previous section provide the most re-
liable error characterisation of the data and the geophysical
compactness of the relationships to CO (Sect.4.1) indicate
the quality of the data. However, comparisons to other data
sets from different time periods provide a qualitative indi-
cation of the consistency of this MIPAS data set with other
systems.

As identified in the recent work ofGonźalez Abad et al.
(2011), non-satellite data systems measuring C2H2 in the ap-
propriate altitude ranges consist of MkIV balloon measure-
ments and aircraft measurements from Trace-A (Fishman
et al., 1996). Xiao et al.(2007) also present mean profiles
for aircraft campaigns in the July–October timeframe: PEM-
Tropics A and PEM-West A (Hoell et al., 1999) and INTEX-
A (Singh et al., 2006).

The MkIV balloon measurements consist of five vertical
profiles obtained in Septembers of 2003 to 2007 at Fort Sum-
ner (34.4◦ N, 104.2◦ W). The most relevant data for Septem-
ber 2003 shows values between 45 and 55 ppt at 12 km, con-
sistent with our monthly mean retrievals of 50 ppt in that
region. The Trace-A data in late September and October
1992 sample a range of atmospheric regimes in the South
Atlantic from biomass burning to clean air.Gonźalez Abad
et al.(2011) report mean values ranging between 80–120 ppt
close to 12 km which are consistent with our mean values of
100 ppt for the region associated with the African biomass
burning. However, such a comparison clearly depends on
the intensity and extent of biomass burning in a given year.
Similar considerations apply to PEM-Tropics A, PEM-West
A and Intex-A for which the aircraft mean values are 50 ppt,
200 ppt, and 90 ppt (fromXiao et al., 2007) compared to 50,
130 and 80 ppt in the MIPAS retrievals.

Finally a preliminary assessment of our results was per-
formed against the ACE-FTS research dataset used inPark
et al.(2008). Unfortunately this comparison cannot be done
for the same year and indeed the ACE-FTS data had to be av-
eraged over all summer months (June–August) between 2004
and 2006. However, both the ACE-FTS data and the MIPAS
data reported here observe a similar enhancement associated
with the anticyclone, with values ranging from 65 ppt (ACE-
FTS) compared to 60 ppt (MIPAS) outside the anticyclone
to 150 ppt (ACE-FTS) compared to 200 ppt (MIPAS) within
the core. Since the strength of the enhancement in the anti-
cyclone is likely to vary as a function of yearly surface emis-
sions, the differences within the core are very reasonable.

Hence, we conclude that the MIPAS retrievals of C2H2 in
this paper are very consistent with literature values particu-
larly in the areas with most likely lower interannual variabil-
ity. The comparisons for higher concentrations of C2H2 are
complicated by interannual source and transport variations
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Fig. 4. 200 hpa MORSE C2H2 VMRs and 150 hpa MOPITT CO VMRs averaged for August
2003. The strong chemical isolation related to the Asian monsoon anticyclone is the dominant
feature but strong enhancements of both species are also observed relating to biomass burning
in southern Africa and Asian outflow into the Pacific.

28

Fig. 3. 200 hPa MORSE C2H2 VMRs and 150 hPa MOPITT CO
VMRs averaged for August 2003. The strong chemical isolation
related to the Asian monsoon anticyclone is the dominant feature
but strong enhancements of both species are also observed relating
to biomass burning in southern Africa and Asian outflow into the
Pacific.

but are reasonable. Future comparisons with ACE-FTS data
would be valuable but are not appropriate to this MIPAS data
sets as it is confined to the nominal mode data obtained in
2003.

4 C2H2 retrieval results

4.1 Global behaviour

In the results that follow we concentrate on the 200 hPa level,
at which the errors are smallest and random error dominates
single profile retrievals.

Figure3a shows all data for August 2003 at 200 hPa that
pass the cloud and quality filters. The data are averaged
onto a regular grid with a 5◦ resolution using a distance-
weighted approach to calculate the mean; a scaling distance
r of 10◦ from the grid box centre is used with a weighting of
1−x2/r2, reaching zero at 10◦ from the box centre (i.e. at
x = r). This method maintained the sharper gradients whilst
producing a robust average of the individual observation val-
ues. Rather than introducing interpolation errors, the data
are not interpolated vertically but instead an average pres-
sure level is given, following the procedure ofMoore and
Remedios(2010).

A strong enhancement of C2H2 is observed over the
Middle-Eastern region and clearly shows the enhanced C2H2
VMRs due to the Asian monsoon anticyclone as also re-
ported byPark et al.(2008). Enhanced C2H2 mixing ra-
tios are also observed over the African biomass burning re-
gion. The distributions in the most northerly latitudes, whilst
greater than those in the corresponding southerly latitudes,
are much lower in mixing ratio than in the African and Asian
outflows.

4.2 C2H2 – CO relationships

The VMR of carbon monoxide is expected to be heavily cor-
related to that of C2H2 (Wang et al., 2004) with the C2H2/CO
ratio an indicator of the relative age of the air mass and
the extent of atmospheric processing it has undergone (Xiao
et al., 2007; Smyth et al., 1996, 1999). In order to examine
the C2H2 – CO relationship further, we use the 150 hPa MO-
PITT (Measurement Of Pollution In The Troposphere) Level
2 Version 3 data for the same time period. Maps of the con-
centrations of the two gases are shown in Fig.3. It should be
noted here that currently no suitably mature CO products are
available for MIPAS itself, hence the use of MOPITT CO.

This comparison supports the interpretation that there is
much in common between the two gases with respect to ma-
jor inputs to the upper troposphere. However, there are also
interesting differences. The C2H2 mixing ratios do not show
strong features over Northern high latitudes and the Amazon
unlike the CO data. In the Pacific region, the C2H2 provides
a tighter definition of the local transport, close to Asia, rather
than the CO which appears more even in VMR, indicating
that C2H2 distributions may prove useful in further constrain-
ing particular transport pathways. These aspects indicate that
C2H2 data could provide significant and complementary in-
formation to that contained in CO distributions.

Some care should be taken in interpreting detailed com-
parisons of the two data sets as whilst MIPAS is observing
at a 12 km nominal altitude with an approximate 3 km field
of view and a mean pressure of 200 hPa, MOPITT is a nadir-
sounding instrument with the retrieved vertical levels a result
of its broad averaging kernels in the troposphere. Typically
the MOPITT CO 150 hPa averaging kernels have sensitivity
between 400–100 hPa. We have estimated, by applying av-
eraging kernels to typical profiles, that the effect of vertical
resolution may lead to a systematic underestimation of the
C2H2/CO ratio of approximately 10 % but that a strong cor-
relation would still be expected between the relevant trace
gas data from these two instruments.

The strong African biomass burning signature is clearly
observed in both datasets, indicating that a C2H2 enhance-
ment due to biomass burning is present. In addition, there are
strong CO and C2H2 enhancements observed over Asia, par-
ticularly the extension of the monsoon anticyclone into the
Northern Pacific accompanied by outflow to the North (see
Figs.3, 6 and7) which is consistent withBey et al.(2001)

www.atmos-chem-phys.net/11/10243/2011/ Atmos. Chem. Phys., 11, 10243–10257, 2011
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Fig. 5. Correlation of the 200 hpa MORSE C2H2 VMRs against 150 hpa MOPITT CO VMRs averaged for

August 2003 for Globally, the Northern Hemisphere and the Southern Hemisphere. The two distinct domains

observed in the global correlation are due to the differences in sources and transport for the Northern Hemi-

sphere and Southern Hemisphere. The dashed lines indicate the line of best fit through the correlations. The red

points show the average values in 2 ppbv bins, with the associated error bars indicating the standard deviation

within each bin.
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Fig. 5. Correlation of the 200 hpa MORSE C2H2 VMRs against 150 hpa MOPITT CO VMRs av-
eraged for August 2003 for Globally, the Northern Hemisphere and the Southern Hemisphere.
The two distinct domains observed in the global correlation are due to the differences in sources
and transport for the Northern Hemisphere and Southern Hemisphere. The dashed lines in-
dicate the line of best fit through the correlations. The red points show the average values in
2 ppbv bins, with the associated error bars indicating the standard deviation within each bin.

29

Fig. 4. Correlation of the 200 hPa MORSE C2H2 VMRs against 150 hPa MOPITT CO VMRs averaged for August 2003 for Globally, the
Northern Hemisphere and the Southern Hemisphere. The two distinct domains observed in the global correlation are due to the differences
in sources and transport for the Northern Hemisphere and Southern Hemisphere. The dashed lines indicate the line of best fit through the
correlations. The red points show the average values in 2 ppbv bins, with the associated error bars indicating the standard deviation within
each bin.

who state that the main export pathway for Asian pollution
into the Pacific is the westerly flow north of 25◦N. Although
the data in the South-East Asia region is more sparse due to
the cloud associated with the Asian monsoon, enhancements
are observed over this region where data are present. It is
the strong enhancement of both CO and C2H2 in the Mid-
dle East region which is of particular interest. Rather than
surface production and vertical transport, the probable cause
of this feature is long-range transport from the convective re-
gion over South-East Asia via the Easterly Jet associated with
the Asian monsoon anticyclone into the Middle East. This is
consistent with the discussion of a similar feature in Ozone
observations by (Li et al., 2003).

The 200 hPa MORSE C2H2 VMRs were correlated against
the 150 hPa MOPITT CO VMRs for the globally averaged
monthly data and the result is shown in Fig.4a with the red
points indicating the mean values of the data along with their
standard deviation, separated into 2 ppbv bins. This figure

clearly shows a strong correlation between the two VMRs
(with r = 0.76) but with two separate domains having dis-
tinctly different gradients.

The correlation was performed separately for the Northern
(Fig. 4b) and Southern (Fig.4c) Hemispheres and it is ap-
parent that the two domains seen in the global correlation are
due to the differences in C2H2 sources and transport between
the two hemispheres. The strong correlation of 0.92 for the
Southern Hemisphere is due to the relative lack of significant
sources of C2H2 or long-range transport south of the equa-
tor. In contrast, the Northern Hemisphere contain the strong
Asian C2H2 sources and a considerably higher background
of CO resulting in a lower correlation of 0.67. The points
with a low C2H2 values and high CO values are high latitude
points where CO is enhanced but C2H2 is not.

The major biomass burning regions of Southern Africa
(30◦ S to 10◦ N, 30◦ W to 80◦ E) and South America (30◦ S to
10◦ N, 180◦ W to 30◦ W) both show strong correlations, 0.81

Atmos. Chem. Phys., 11, 10243–10257, 2011 www.atmos-chem-phys.net/11/10243/2011/
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(a) Africa (b) S. America

(c) Asian Pacific (d) Monsoon

Fig. 6. 200 hpa MORSE C2H2 VMRs against 150 hpa MOPITT CO VMRs averaged for August 2003 for:

Africa [30∘S to 10∘N, 30∘W to 80∘E], South America [30∘S to 10∘N, 180∘W to 30∘W], Asian Pacific Outflow

[10∘N to 40∘N, 130∘E to 110∘W] and the Asian monsoon anticyclone region [10∘N to 40∘N, 30∘E to 110∘E].

Again, the dashed lines indicate the line of best fit through the correlations. The red points show the average

values in 2 ppbv bins, with the associated error bars indicating the standard deviation within each bin.

Fig. 7. 200 hpa MORSE C2H2 / 150 hpa MOPITT CO ratio calculated from the 5∘N globally gridded data (in

units of pptv/ppbv). This ratio acts as an indicator of biomass burning sources and age of air and hence provides

information on the relative speed of transport mechanisms. Features of note include the transport from African

biomass into the Atlantic, transport from Asia into the Pacific and the isolation of the monsoon anticyclone.
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Fig. 6. 200 hpa MORSE C2H2 VMRs against 150 hpa MOPITT CO VMRs averaged for August
2003 for: Africa [30◦ S to 10◦ N, 30◦ W to 80◦ E], South America [30◦ S to 10◦ N, 180◦ W to 30◦ W],
Asian Pacific Outflow [10◦ N to 40◦ N, 130◦ E to 110◦ W] and the Asian monsoon anticyclone
region [10◦ N to 40◦ N, 30◦ E to 110◦ E]. Again, the dashed lines indicate the line of best fit
through the correlations. The red points show the average values in 2 ppbv bins, with the
associated error bars indicating the standard deviation within each bin.

30

Fig. 5. 200 hPa MORSE C2H2 VMRs against 150 hPa MOPITT CO VMRs averaged for August 2003 for: Africa (30◦ S to 10◦ N, 30◦ W
to 80◦ E), South America (30◦ S to 10◦ N, 180◦ W to 30◦ W), Asian Pacific Outflow (10◦ N to 40◦ N, 130◦ E to 110◦ W) and the Asian
monsoon anticyclone region (10◦ N to 40◦ N, 30◦ E to 110◦ E). Again, the dashed lines indicate the line of best fit through the correlations.
The red points show the average values in 2 ppbv bins, with the associated error bars indicating the standard deviation within each bin.

(Fig. 5a) and 0.80 (Fig.5b) respectively. However, the re-
gions are otherwise very different. The highest C2H2 VMRs
of 150 pptv are observed directly over the African source re-
gion with the Amazon region showing much smaller C2H2
VMRS for the same CO mixing ratios. In the African sec-
tor, where significant transport into the Atlantic is observed,
the gradient of the correlation is significantly higher (3.17)
than in South America (1.41) indicating either very different
source ratios of the two gases or a very different photochem-
ical regime; dilution of the outflow plume would not show
such an effect. It is interesting to note that the South Ameri-
can gradient is the smallest of the four regions studied here.

For the Asian outflow into the Pacific Ocean (10◦ N to
40◦ N, 130◦ E to 110◦ W), a correlation of 0.91 is observed
(Fig. 5c) with a steep gradient (5.25). This strong correlation
and steep gradient suggest that there is considerable trans-
port between Asia and North America and that this occurs
on a relatively short time-scale before the C2H2 has time to
photochemically age.

Finally, the Asian monsoon anticyclone region (10◦ N to
40◦ N, 30◦ E to 110◦ E) has a correlation of 0.59 (Fig.5d).
Unlike the previous examples, the region here is largely iso-
lated with convective injection toward the east (see Sect.4.4).

Although the correlation is reasonable, it appears that there
is considerable variability in either ratios of C2H2 to CO
sources or in the photochemical age of the observed C2H2.

Having illustrated that the C2H2 – CO relationship main-
tains strong correlations except in the strongest source re-
gions where these are disturbed, it is instructive to examine
the C2H2/CO ratio. Smyth et al.(1996) note that this ratio
is preserved through the processes of convection and mixing.
The gridded C2H2 and CO values (as shown in Fig.3) are
used to calculate the C2H2/CO ratio (Fig.6). The highest
ratios should be observed over source regions where C2H2
and CO are both produced from the combustion process and
diminish with time as the photochemical age of air increases
with atmospheric processing. Due to the difference in life-
times of C2H2 (approximately 2 weeks) and CO (approx-
imately 2 months), for a high C2H2/CO ratio to exist (i.e.
greater than 2 pptv/ppbv,Smyth et al., 1996), the C2H2 must
be relatively young and associated with recent combustion.
The two most obvious regions are clearly the biomass burn-
ing and Asian monsoon anticyclone regions where the corre-
lation relationships are disturbed.

Clear transport mechanisms can also be identified from
the C2H2/CO ratio in Fig.6. The high ratio located over

www.atmos-chem-phys.net/11/10243/2011/ Atmos. Chem. Phys., 11, 10243–10257, 2011
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Fig. 7. 200 hpa MORSE C2H2/150 hpa MOPITT CO ratio calculated from the 5◦ N globally
gridded data (in units of pptv/ppbv). This ratio acts as an indicator of biomass burning sources
and age of air and hence provides information on the relative speed of transport mechanisms.
Features of note include the transport from African biomass into the Atlantic, transport from
Asia into the Pacific and the isolation of the monsoon anticyclone.

31

Fig. 6. 200 hPa MORSE C2H2/150 hPa MOPITT CO ratio for August 2003 calculated from the 5◦ globally gridded data (in units of
pptv/ppbv). This ratio acts as an indicator of biomass burning sources and age of air and hence provides information on the relative speed of
transport mechanisms. Features of note include the transport from African biomass into the Atlantic, transport from Asia into the Pacific and
the isolation of the monsoon anticyclone.
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Fig. 7. Hysplit 5-day forward trajectories originating at a 12 km altitude over the Asian Monsoon anticyclone and the African biomass
burning regions. The trajectory presented here was launched on 1st August but multiple trajectories were run for different start dates within
August and found to be largely consistent in terms of the Asian monsoon anticyclone and global transport.

southern Africa is maintained as the African plume trav-
els west out into the Atlantic Ocean. A further plume ex-
tends eastwards across Australia and towards South Amer-
ica, where the transportation can be seen much more clearly
in the C2H2/CO ratio rather than in the CO field. A fur-
ther transport pathway is observed from Asia into the Pacific
Ocean and is related to the tongue of the Asian Monsoon
anticyclone that extends over the Pacific (Bey et al., 2001)
. This process is known to transport air relatively quickly,
consistent with the observed high C2H2/CO ratio over the
ocean where there are no source regions present. Figure7
shows 5-day forward trajectory calculations performed us-
ing the HYSPLIT trajectory model and show a high consis-
tency with the transport identified using the C2H2/CO ratio.
These decay clearly along transport pathways where the 5-
day trajectories indicate timescales for transport which are
consistent with the spatial regions where the lower ratios are
observed.

The fact that the C2H2/CO ratio is consistent with the
known transport mechanisms in these regions provides con-
fidence in the approach taken, allowing the transport from
Asia into the Middle East to be discussed in the context of
the C2H2/CO ratio. The high C2H2/CO ratio extends over
the whole of the region and again clearly shows the strong
chemical isolation of the monsoon. This is consistent with
the behaviour of CO within the Asian monsoon anticyclone
as observed from the Microwave Limb Sounder (MLS) by
Li et al. (2005). Barret et al.(2010) goes on to show using
assimilations of this data into the MOCAGE chemical trans-
port model that South-East Asian pollution is uplifted into
the upper troposphere and trapped within the Asian monsoon
anticyclone where it is circulated over Northern Africa, be-
having in the same way as the C2H2 isolation and transport
observed here.

As this region is entirely over land some care must be
taken to distinguish between a maintained high ratio due to

Atmos. Chem. Phys., 11, 10243–10257, 2011 www.atmos-chem-phys.net/11/10243/2011/
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(a) East-West along 5∘N

(b) East-West along 10∘S

Fig. 8. Zonal cross-sections of the retrieved C2H2 distributions along the 5∘N and 10∘S lines of latitude,

passing through the African biomass burning C2H2 enhancement. The NCEP mean tropopause pressure for

August 2003 is plotted is shown by the red dashed line.
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Fig. 8. Zonal cross-sections of the retrieved C2H2 distributions along the 5◦ N and 10◦ S lines
of latitude, passing through the African biomass burning C2H2 enhancement. The NCEP mean
tropopause pressure for August 2003 is shown by the red dashed line.
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Fig. 8. Zonal cross-sections of the retrieved C2H2 distributions
along the 5◦ N and 10◦ S lines of latitude, passing through the
African biomass burning C2H2 enhancement. The NCEP mean
tropopause pressure for August 2003 is shown by the red dashed
line.

fast transport or the alternative that the ratio remains high
due to there being various combustion sources distributed
over the whole region. There is no CO enhancement in the
MOPITT lower levels in this region and the correlation for
this region in the upper troposphere (Fig.5d) remains rela-
tively strong, albeit disturbed. Additionally, the fact that a
clear gradient exists in the distribution of the high C2H2 and
CO values (Fig.3) between the Middle East and Northern
Africa provides confidence that it is the Easterly Jet transport
that is being observed. The anticyclone continues to trans-
port newly formed C2H2 and CO into the region from the
biomass and biofuel sources in Asia, leaving no time for sub-
stantial photochemical processing to occur before it is circu-
lated back towards the source injection region at 200 hPa (see
Sect.4.4). It is this fast circulation due to the monsoon an-
ticyclone which causes the persistence of the high C2H2/CO
which is observed and also leads to the maximum observed
at 170◦ E over the Pacific.

In the following sections we examine in more detail the
C2H2 distributions relating to African biomass burning and
the Asian monsoon anticyclone.

4.3 African biomass burning

In order to examine the C2H2 distributions in more detail,
cross-sections have been plotted for both the zonal (Fig.8)
and meridional (Fig.9) distributions. The NCEP mean
tropopause pressure for August 2003 is shown as a red
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(a) North-South along 20∘E

(b) North-South along 40∘E

(c) North-South along 75∘E

Fig. 9. Meridional cross-sections of the retrieved C2H2 distributions passing North-South through both the

strong Asian monsoon anticyclone isolation and the African biomass burning enhancement at 20∘E, 40∘E and

75∘E. The NCEP mean tropopause pressure for August 2003 is plotted is shown by the red dashed line.
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Fig. 9. Meridional cross-sections of the retrieved C2H2 distributions passing North-South
through both the strong Asian monsoon anticyclone isolation and the African biomass burn-
ing enhancement at 20◦ E, 40◦ E and 75◦ E. The NCEP mean tropopause pressure for August
2003 is shown by the red dashed line.
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Fig. 9. Meridional cross-sections of the retrieved C2H2 distribu-
tions passing North-South through both the strong Asian monsoon
anticyclone isolation and the African biomass burning enhancement
at 20◦ E, 40◦ E and 75◦ E. The NCEP mean tropopause pressure for
August 2003 is shown by the red dashed line.

dashed line as a guide to the location of the troposphere and
the stratosphere.

The C2H2 relating to African biomass burning is inves-
tigated through the use of zonal cross-sections taken along
the 5◦ N and 10◦ S lines of latitude, passing through the
African biomass burning C2H2 enhancement (Fig.8). The
cross-section along 5◦ N shows the biomass burning signal
uplifted within the Inter-Tropical Convergence Zone (ITCZ)
(Sauvage et al., 2007) but confined to below 250 hPa, well be-
low the tropopause, with the outflow of C2H2 generally less
than 100 pptv; this is consistent withSauvage et al.(2005).
The cross-section taken further south at 10◦ S shows a simi-
lar distribution but with the C2H2 extending higher into the
atmosphere suggesting more intense biomass burning and a
stronger uplift of C2H2 which is consistent withBarret et al.
(2010) andSauvage et al.(2007) who discuss the strong as-
cending winds in this region related to surface gradients in

www.atmos-chem-phys.net/11/10243/2011/ Atmos. Chem. Phys., 11, 10243–10257, 2011
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(a) East-West along 30∘N

(b) East-West along 20∘N

Fig. 10. Zonal cross-sections of the retrieved C2H2 distributions along the 20∘N and 30∘N lines of latitude,

passing through the strong Asian monsoon anticyclone isolation. The NCEP mean tropopause pressure for

August 2003 is plotted is shown by the red dashed line.
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Fig. 10. Zonal cross-sections of the retrieved C2H2 distributions along the 20◦ N and 30◦ N lines
of latitude, passing through the strong Asian monsoon anticyclone isolation. The NCEP mean
tropopause pressure for August 2003 is shown by the red dashed line.

34

Fig. 10. Zonal cross-sections of the retrieved C2H2 distributions
along the 20◦ N and 30◦ N lines of latitude, passing through the
strong Asian monsoon anticyclone isolation. The NCEP mean
tropopause pressure for August 2003 is shown by the red dashed
line.

temperature and humidity. Outflow towards the east and west
is also apparent with values above 100 pptv observed over
both the Indian and Atlantic Oceans. Overall, the highest
concentration of C2H2 at 250 hPa is found to be less than
150 ppt.

Meridional cross-sections of the C2H2 distribution were
taken along the 20◦ E (Fig. 9a), 40◦ E (Fig. 9b) and 75◦ E
(Fig. 9c) longitude lines, confirming these findings. Note
that the cross-section at 20◦ E (Fig.9a) includes the western
edge of the anticyclone in the Northern Hemisphere and the
African biomass burning region in the Southern Hemisphere.
It is worth noting that there are apparently weak enhance-
ments of C2H2 in the stratosphere above high values in the
troposphere. Correlations suggest that these are a retrieval
artefact and no other evidence of enhanced stratospheric val-
ues could be observed. This subject is returned to in the next
section.

4.4 The Asian monsoon anticyclone

In contrast to Africa, the strong C2H2 enhancement in the
Asian monsoon anticyclone is observed as high as 150 hPa,
reaching the tropopause inside the core of the anti-cyclone at
75◦ E (Fig.9c). Values of at least 200 ppt are observed. This
suggests that the observed uplift from the monsoon convec-
tion is considerably stronger or occurs on a faster timescale
compared to the weaker convection observed over Africa.
The meridional distributions and outgoing longwave radia-
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(a) Geopotential Height Anomaly

(b) OLR

Fig. 12. The Geopotential Height Anomaly and Outgoing Longwave Radiation for August 2003. The geopoten-

tial height anomaly is used as an indication for the anticyclone location and is shown to be in strong agreement

with the enhanced C2H2 chemically isolated by the monsoon anticyclone. The OLR is used to indicate areas

of deep convection (i.e. OLR < 205 W/m2) which are outlined by the white contour lines. These show the

large area of deep convection over India and South-East Asia, on the South-Eastern edge of the Asian monsoon

anticyclone.
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Fig. 12. The Geopotential Height Anomaly and Outgoing Longwave Radiation for August 2003.
The geopotential height anomaly is used as an indication for the anticyclone location and is
shown to be in strong agreement with the enhanced C2H2 chemically isolated by the monsoon
anticyclone. The OLR is used to indicate areas of deep convection (i.e. OLR < 205 W/m2)
which are outlined by the white contour lines. These show the large area of deep convection
over India and South-East Asia, on the South-Eastern edge of the Asian monsoon anticyclone.
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Fig. 11. The Geopotential Height Anomaly and Outgoing Long-
wave Radiation for August 2003. The geopotential height anomaly
is used as an indication for the anticyclone location and is shown to
be in strong agreement with the enhanced C2H2 chemically isolated
by the monsoon anticyclone. The OLR is used to indicate areas of
deep convection (i.e. OLR<205 W m−2) which are outlined by the
white contour lines. These show the large area of deep convection
over India and South-East Asia, on the South-Eastern edge of the
Asian monsoon anticyclone.

tion (OLR) show that the main monsoon convection is oc-
curring between 0 and 20◦ N, with some convection extend-
ing further north. The data show very clearly that the C2H2
mixing ratios are very strongly related to the convective sys-
tems (marked by the OLR; also by the white areas of cloud in
Fig.10and12). Following injection, the enhancement moves
northwards and westwards from the convective region into
the centre of the anticyclone at 200 hPa. This is consistent
with the work ofPark et al.(2007) who note a clear distinc-
tion between the location of the anticyclone circulation and
the convective region over India and South-East Asia cou-
pled through convective outflow into the anticyclone at this
altitude. The 150 hPa geopotential height anomaly calculated
from NCEP meteorological data (Fig.11a) shows the posi-
tion of the Asian monsoon anti-cyclone and the associated
wind field for this month and again is highly consistent with
the C2H2 distributions.

Zonal cross-sections of C2H2 were taken along the 20◦ N
and 30◦ N latitude lines passing through the strong Asian
monsoon anticyclone isolation. The cross-section taken
across the centre of the anticyclone core at 30◦ N (Fig. 10a)
shows the extent of the chemical isolation with a strong gra-
dient both across the western edge of the anticyclone and
vertically as the C2H2 is constrained beneath the tropopause.

Atmos. Chem. Phys., 11, 10243–10257, 2011 www.atmos-chem-phys.net/11/10243/2011/
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(a) 313 hpa (9 km nominal altitude) (b) 200 hpa (12 km nominal altitude)

(c) 120 hpa (15 km nominal altitude) (d) 72 hpa (18 km nominal altitude)

Fig. 11. The MORSE retrieved C2H2 distributions for August 2003 located over the Asian monsoon anticyclone

region for the 9 km, 12 km, 15 km and 18 km nominal MIPAS tangent altitudes. The strong Asian monsoon

anticyclone isolation is clearly evident as well as significant transport from Asia towards North America, par-

ticulary at lower altitudes.
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Fig. 11. The MORSE retrieved C2H2 distributions for August 2003 located over the Asian
monsoon anticyclone region for the 9 km, 12 km, 15 km and 18 km nominal MIPAS tangent alti-
tudes. The strong Asian monsoon anticyclone isolation is clearly evident as well as significant
transport from Asia towards North America, particulary at lower altitudes.
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Fig. 12. The MORSE retrieved C2H2 distributions for August 2003 located over the Asian monsoon anticyclone region for the 9 km, 12 km,
15 km and 18 km nominal MIPAS tangent altitudes. The strong Asian monsoon anticyclone isolation is clearly evident as well as significant
transport from Asia towards North America, particulary at lower altitudes.

The dramatic change in the C2H2 profiles across the mon-
soon boundary show the strength of the chemical isolation
inside the monsoon as previously identified byPark et al.
(2008) but with much higher spatial and temporal resolution.
The zonal cross-section at 20◦ N (Fig.10b) transects the con-
vective region of the monsoon located over India and South-
East Asia as indicated by OLR values less than 205 W m−2

(Fig. 11b). Although the centre of the convective region con-
tains no cloud-free data, the enhancements observed on the
edge of this region support the conclusion that the C2H2 is
uplifted from within this convective region. Additionally,
the zonal cross-section at 30◦ N (Fig. 10a) shows the east-
ward transport of enhanced VMRs at 200 hPa into the Asian-
Pacific.

Figure12shows the C2H2 distributions at the four MIPAS
levels with average pressures of 313, 200, 120 and 72 hPa
(the 9, 12, 15 and 18 km nominal altitudes). Figure12b il-
lustrates the convection-related uplift, the distinct gradients
maintained around the core of the anti-cyclone and the en-
hancement of the VMRs in the core. At 120 hPa, the domi-
nant feature is displaced eastwards from South-East Asia and
India, consistent with the time-averaged, June–August HCN
distributions from ACE reported byRandel et al.(2010). In
addition, one can observe a strong eastward extension of the
anticyclone which results in high mixing ratios in an appar-
ent maximum near 170◦ E in the region where troposphere-
stratosphere exchange may be expected to occur (Lelieveld
et al., 2002). Hence the fate of the air in this extension is
an important consideration for future studies. Such a fea-
ture over the Pacific could clearly be mis-interpreted in nadir

sounding data emphasising the complementarity of good
limb sounding observations.

A set of typical averaging kernels for these C2H2 MIPAS
retrievals over the monsoon anticyclone region are shown
in Fig. 13 and clearly show strong peaks at approximately
300 hPa, 200 hPa and 120 hPa. The C2H2 response function
above 120 hPa shows that these data are highly reflective of
the 120 hPa level itself and so should be highly correlated
with it. Our data reflect this in both global and local corre-
lations (not shown). Therefore in our data, we cannot assert
that the distributions at 72 hPa unambiguously reflect strato-
spheric enhancements where they overlie enhanced VMRs
in the troposphere below it. This is an important but subtle
point. Randel et al (2010) and references therein note that
upward circulation on the eastern side of the anticyclone re-
sults in transport into the stratosphere and our data is consis-
tent with this. However, it is very difficult to distinguish the
data effects from the transport effects and the vertical cor-
relations in our retrievals suggest that interpretation of this
feature at least in our MIPAS data set requires considerable
care. Secondly, it suggests that the potential for upward cir-
culation across the different parts of the anticyclone remains
difficult to observe and further observations are necessary,
particularly to the west of the convective region.

5 Conclusions

Mixing ratios of C2H2 has been successfully retrieved from
MIPAS spectral radiances for August 2003 when the instru-
ment was operating in nominal mode at the highest spectral

www.atmos-chem-phys.net/11/10243/2011/ Atmos. Chem. Phys., 11, 10243–10257, 2011
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Fig. 13. A example of a typical averaging kernel over the monsoon anticyclone showing the
sensitivity of the retrieval at 200 hpa and 300 hpa. Note that there is no discernible C2H2 signal
above 100 hpa as expected, the C2H2 sensitivity is largely confined to the upper troposphere.
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Fig. 13. A example of a typical averaging kernel over the mon-
soon anticyclone showing the sensitivity of the retrieval at 200 hPa
and 300 hPa. Note that there is no discernible C2H2 signal above
100 hPa as expected, the C2H2 sensitivity is largely confined to the
upper troposphere.

resolution. Between 300 hPa and 100 hPa, estimated system-
atic errors are 15 % at best with random errors between 15 %,
10 % and 30 %. Evaluation of the data indicates reasonable
agreement with literature values, albeit limited by the lack of
space-time coincidence with other observing systems. As a
result of the good data quality, we have been able to produce
the first global maps of C2H2 and ratios to CO, providing a
key indicator of surface source injection into the upper tropo-
sphere, transport and decay due to photochemistry and dilu-
tion. Strong signatures are clearly evident and are associated
with chemical isolation in the Asian monsoon anticyclone
and with the export of African biomass burning.

The C2H2 VMR has been used in conjunction with the
150 hPa MOPITT CO VMR to examine the correlation be-
tween C2H2 and CO. When performed globally, these cal-
culations showed a strong correlation between the C2H2 and
CO of 0.76 but with two distinct domains due to the Northern
and Southern Hemispheres. When correlated individually,
the Northern Hemisphere had a correlation of 0.67 show-
ing the much greater variability in the transport and sources
compared to the Southern Hemisphere whose correlation was
0.918 but with significantly lower C2H2 values. Defining the
geographical regions to limit the influence of the variability
from different sources allowed stronger correlations to be re-
vealed. Africa, South America, and the Asian Pacific outflow
regions all correlated strongly. Even for the case over the
Middle East/Asia where these is no clear ocean background
influence to distinguish the enhancements from, a reasonable
correlation between C2H2 and CO still existed.

As the C2H2 and CO remain well correlated through trans-
port and mixing, this allowed the C2H2/CO ratio to be cal-
culated and analysed as a marker of source injection regions
and subsequent photochemical ageing in the outflow regions.
A strong C2H2 signal was retrieved over the Middle East
region and the C2H2/CO ratio allowed us to observe en-
hanced C2H2 concentrations resulting from the fast outflow
from Asia associated with the monsoon anticyclone. This
enhancement was maintained by the influence of the anticy-
clone associated with the monsoon, which acts as a barrier
to further transport, and by the fast re-circulation time within
the anticyclone.

African biomass burning was characterised by more re-
gionally strong emissions leading to outflows away from
the continent. Our data suggest that transport regimes from
Southern Africa into the Atlantic/Indian Oceans and the
transport from Asia into the Pacific Ocean are well-defined in
the C2H2 fields, and better marked in the upper troposphere
than the CO. The C2H2/CO ratio appears to decay strongly
along these known pathways, probably due to photochemical
ageing, and results in the C2H2 appearing to be more tightly
confined along the transport pathways compared to the CO
which due to its longer lifetime may be more governed by
dilution. The timescale of the outflow effects was verified
through the use of 5 day trajectory modelling which provided
further confidence in both the C2H2 retrieval and in the use
of the C2H2/CO ratio as an indicator for the photochemical
age of air in future work.

By examining cross-sections through the anticyclone, the
horizontal and vertical extent of the isolation was shown. The
location of the convective region over India and South-East
Asia as identified by OLR data was also evident from these
cross-sections, strongly suggesting that it is from this region
where the C2H2 is delivered into the upper troposphere at
fast timescales, followed by advection at 200 hPa. Analysis
of the geopotential height anomaly and 150 hPa wind vec-
tors were also used to verify the location of the C2H2 within
the anticyclone. The build-up of C2H2 in the eastward ex-
tension of the anticyclone was also remarkable and allows
for comparisons to model studies of this isolation. The cur-
rent MIPAS dataset is consistent with upward circulation on
the eastern side of the anticyclone but cannot unambiguously
identify transportation into the lower stratosphere anywhere
in the anticyclone due to vertical correlations.

A similar analysis was performed for the African biomass
burning enhancements. Here the uplift was observed not
to penetrate as high into the troposphere as for the Asian
monsoon anticyclone and to be more dominated by outflow.
C2H2 mixing ratios at 250 hPa were less than 150 ppt in con-
trast to 200 ppt or more within the anticyclone.

In summary, we have shown that is is possible to use MI-
PAS data to explore the upper-tropospheric distributions of
C2H2 with a much higher temporal and spatial resolution
than has previously been possible. The ratio of C2H2-CO
was shown to provide information on the injection of surface
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emissions and transport of photochemically aged plumes.
In addition, we have shown that MIPAS C2H2 can act as
a tracer for investigating dynamical effects such as convec-
tive regions for trace gases, advection, outflow and long-
range transport. Due to the high spatial sampling, this data
would prove suitable for further exploitation by comparisons
to modelled data in order to study these effects further. We
therefore believe that where possible, routine retrieval of
these species in the future would be highly desirable.

Ideally it would be possible to compare MIPAS C2H2 data
sets with other direct observations, although MIPAS data sets
for other trace species are well characterised and compare
well with other species. In the future, it would be possi-
ble to develop a retrieval for the MIPAS optimised mode
(lower spectral resolution) and enable a direct comparison
with ACE-FTS data sets which also lack data sets for inter-
comparison. This would further support the excellent ad-
vances in global observations of organics species in the tro-
posphere that have been made in the last ten years.
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