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Abstract. Acetylene (GH2) volume mixing ratios (VMRs) marked and peaks at lower altitudes compared to the strong
have been successfully retrieved from the Michelson In-effects observed in the Asian monsoon anticyclone. Ratios
terferometer for Passive Atmospheric Sounding (MIPAS)of C,H2/CO clearly decay along transport pathways for the
Level 1B radiances during August 2003, providing the first outflow, indicating photochemical ageing of the plumes.
global map of such data and ratios to CO in the literature. Overall, the data show the distinctive nature oH3 dis-
The data presented here contain most information betweetributions, confirm in greater detail than previously possible
300 hPa and 100 hPa with systematic errors less than 10 % &atures of hydrocarbon enhancements in the upper tropo-
the upper levels. Random errors per point are less than 15 %phere and highlight the future use of MIPAS hydrocarbon
at lower levels and are closer to 30 % at 100 hPa. data for testing model transport and OH decay regimes in the
Global distributions of the §H> and GH,/CO ratio con-  middle to upper troposphere.
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);1  |ntroduction
showing tight correlations regionally, particularly at lower to
medium values, but globally emphasising the differences beThe burning of vegetation, both living and dead, can re-
tween sources and lifetimes of CO angdH. The corre-  |ease large quantities of gases into the atmosphere. Biomass
lations are seen to be particularly disturbed in the regionsphurning is therefore a major source for the injection of
of highest GH2 concentrations, indicating variability in the trace gases into the atmosphere. Biomass burning and com-
surface emissions or fast processing. bustion were thought to be the major sources of acetylene
A strong isolation of GH within the Asian monsoon an-  (CzHy) (Hegg et al. 1990 Blake et al, 1996 Whitby and
ticyclone is observed, evidencing convective transport intoAltwicker, 1978. However, recent work proposes biofuel
the upper troposphere, horizontal advection within the anti-emissions as the dominant source with Xiao et al. (2007)
cyclone at 200 hPa, distinct gradients at the westward edgestimating that as much as half of globalHG is biofuel-
of the vortex and formation of a secondary dynamical fea-related (3.3 Tgyr!) with the remainder due to fossil fuel
ture from the eastward extension of the anticyclone outflow(1.7 Tgyr1) and biomass burning (1.6 Tgy¥). Streets
over the Asian Pacific. Ratios of28,/CO are consistent et al. (2003 found that 45% of the gH» emissions in Asia
with the evidence from the cross-sections that thélLis were due to biofuel Streets et al(2003 make a clear dis-
uplifted rapidly in convection. tinction between open biomass burning (i.e. forest fires) and
Observations are presented of enhanced Cassociated the combustion of biofuels (wood, crop residue, dung, etc.)
with the injection from biomass burning into the upper tro- in domestic cooking and heating. The importance of biofuel
posphere and the outflow from Africa at 200 hPa into bothas a GH2 source has also been identified in Africa where
the Atlantic and Indian Oceans. In the biomass burning re-the emission of @Hz due to biofuel was significantly greater
gions, GH» and CO are well correlated, but the uplift is less than that due to savannah biomass burnigr{schi et al.

2003.
Itis estimated that Asia accounts for around 70 % of global
Correspondence tdR. J. Parker biofuel emissions as well as being a significant source for
BY (ip23@le.ac.uk) biomass burning and industrial emissions. Africa is also
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a significant source of £, emissions, whether through useful information on the morphology of,82 which has
biomass burning, fossil fuel or biofuel emissions. The work not previously been observed in such great detail globally.
presented here is intended to confirm the largel£concen-
trations emanating from these regions. )

The concentration of £ is strongly correlated to cCO 2 The MIPAS instrument
anq the GH2/CO ratio can act as an indicator for S.OWCG MIPAS is a core instrument onboard the ENVIronmental
emissions and as a robust tracer for the photochemical evo,

. : . ; SATellite (ENVISAT) Satellite launched in March 2002.
lution of the air mass since it last encountered a combus-

tion source Kiao et al, 2009. This allows an estimation Measurements are performed by mid-infrared limb emission

; . . sounding of the atmosphere with a nominal mode (March
of the relative photoch_emlcal age (.)f biomass plumes and th%OOZ—March 2004) of 17 tangent altitudes with a vertical
amount of photochemical processing that the plume has U= colution of 3km in the upper troposphere. MIPAS is a
dergone. '

In addition to the interest in 481, as a tracer for the trans- Fourier transform infrared spectrometer with a 0.025 ém

port of biomass/biofuel burning, #8l2 plays an important unapodised spectral resolution and measures over a large
1 l .
role in the formation of glyoxal (CHOCHO) with implica- spectral range, from 685 cth to 2410 cnt™, observing the

. . d region of the atmospheric spectrum where there are a variety
tions for the production of secondary organic aerosol (SOA) L : . :

. ; of molecules with vibration-rotation bands with well-defined
(Volkamer et al. 2009. Hence, the ability to retrieve global

o . . absorption linesKischer et al.2008. MIPAS is able to de-
distributions of GH, may also prove important for future air . ) : .
. . . . tect a wide range of trace species and is operationally used to
quality and climate simulations.

Whilst vertical profiles of GH;, have been observed from retrieve pressure, temperatures, G120, Ch, HNOs, N2O

aircraft measurementsSknyth et al. 1996 Talbot et al, and NG from 6 to 68km Raspollini et al, 2009. Var-

2003 and more recently from satellite observatioRsns- Ir(()al:r?ecgg-?rzia&?gzlstrscgcfrzeﬂce:ﬁj (;}z;vepk;\ersﬂr%gre;e:;(ejd and
land et al, 2005, there is still some uncertainty as to the P 9

o : Remedios 201Q Glatthor et al. 2007, HCFC-22 Moore
dlst_r|bpt|on of GH2 due to the poor und_erstandmg of the and Remedia2008 and GHs (von Clarmann et a12007).
emissions from the large number of varying sourc&sgets : o )

This work utilises the full resolution Level 1B (L1B) MI-
et al, 2003. Recent work byPark et al(2008 has observed . .
o \ . PAS spectra from August 2003 with the instrument measur-
enhancements of £, inside the Asian monsoon anticy- . . : :
. : . ing at 17 vertical levels and an unapodised spectral resolution
clone from space with the Atmospheric Chemistry Exper-

iment (ACE-FTS) FTIR instrumentBemath et al, 2005, _of0.025 gml before technical issues resulted in a reduction
: : in resolution to 0.0625 cmt after August 2004.

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- 3 Determination of C,H in the upper troposphere

tudes. This sparse spatial sampling makes it necessary, par-

ticularly in the tropics, to average occultation data over multi- The objective of the retrieval work was to examine th#ig

ple months and years, making it less well-suited when studyspectral signatures in MIPAS L1B spectra with a full op-

ing dynamical events on short time-scalPark et al(2008 timal estimation retrieval algorithm in order to identify re-

were able to find only-40 ACE-FTS profiles within the an- gions of high GH2 volume mixing ratios (VMRs). Due to

ticyclone between June and August over over 3 years (2004he high spatial sampling of the MIPAS instrument, such re-

to 2006). trievals allow global sampling of dynamical events at rele-
In the present work, we wished to develop a new global setvant timescales, of particular relevance to regions of biomass

of observations, with which to overcome these problems, usburning and deep convection such as the Asian Monsoon an-

ing infrared limb emission spectra for the upper tropospherdicyclone.

recorded with the Michelson Interferometer for Passive At- The spectral window used for this work is outlined in

mospheric Sounding (MIPAS). These provide greater tempo+ig. 1 where the contributions from each species to the to-

ral and spatial resolution than the ACE-FTS instrument albeittal radiance (black) are shown. The Oxford Reference For-

with a lower signal to noise ratio (SNR) per individual pro- ward Model (RFM) Pudhig 20058 was used to model the

file compared to the solar occultation method employed byspectra as observed by MIPAS. The RFM is a line-by-line

ACE-FTS. Despite the higher noise on an individual profile, radiative transfer model based on the GENLN2 model-(

it was expected that good quality, high spatial resolution, dis-wards 1992. The spectroscopic information is taken from

tributions of GHa could be successfully determined on a per the HITRAN2004 spectral databasedthman et a).2005

profile basis. Given the importance of the Asian monsoon andJacquemart et al2003 and in this case the simulation uses

ticyclone and biomass burning, the second objective of thisa standard atmospheric climatologygmedios et al2007)

work was to produce the first global map ofi3, focusing  with an enhancement of the;B; profile typical of biomass

on August 2003 where both effects could be observed. Thidurning taken fronRinsland et al(2005.

would demonstrate both the quality of the data and provide
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10000€ ] ol This iterative procedure for the state vector is
{E\ 3 E cO2 — — —
N; 1000k AR xi+1=xi_(sal+KiTSlei+yD) ! (1)
£ 3
: (—K S,y —Fx)]+S; xi — xal)
8 100
g N7 : 3 where K is the Jacobian matrixx, is the a priori value
| ] and D is the scaling matrix. S, is the a priori covari-
7750 7755 wavermeer e 7765 777.0 ance matrix where diagonal values equivalent to a 1000 %

standard deviation of thesEl> VMR along with a correla-
Fig. 1. RFM simulation of a 12 km MIPAS spectra ata 0.025¢m  tion length (off-diagonal decay of covariance with altitude)
resolution covering a 2 cimt range around the prominent,8, of 3km were necessary to account for the large variations
feature at 776.075cm-. This shows the contribution to the in VMR over biomass burning regionssS, is the mea-
C2H2 microwindow (776.0 cm? to 776.15cmt) from interfer- _surement error covariance and was taken to be equivalent
ing species and uses a standard atmosphere background with 4§ a conservative estimate of the MIPAS spectral noise in
enhanced gH, profile typical of biomass burning observations. Band A of 40 nW/(cn% sr Cm—l) (Fischer et al.2008; note
These contributions are defined as the difference between the totgf, 5, 1o nojse in apodised spectra can reduce to lower than
simulated radiance and the simulated radiance when the contrlbuté 1
. ) . onW/(cnfsrent ),
ing gas has been omitted from the calculation. . . . N
The reduction of the cost function at each iteration is used
to test for convergence and the final value is useful in de-
In Fig. 1, one line of thevs band of GH. (purple line)  termining whether the obtained solution is a sensible value.

can be seen to be the dominant feature in the 776:0¢m  !deally, the value fo'?(z should be equal to the number of
776.15 cn? spectral range and unlike othepid, spectral ~ degrees of freedom in the retrieval.

lines in this region at 755crt, 762 cnt! and 766.7 cm? In order to accurately retrieve8; it was necessary to
the line is not masked by a strong ozone feat®Rmgland obtain accurate VMRs of the other interfering species in the
etal, 1999. This clear spectral line allows the unambiguous SPectral range. Therefore, prior to retrieving-3, MORSE
identification of enhanced &, in MIPAS L1B spectra in ~ Was used to retrieve profiles of pressure/temperatus®, H

this microwindow. O3 and HNG; respectively which were subsequently used as
a priori for the GH, retrievals. The sensitivity of the re-
3.1 Retrieval method trieval to these species is examined in SB&

A full optimal estimation approach was taken to retrieve the 3.2 Retrieval setup
CoH2 VMR. The MIPAS Orbital Retrieval using Sequential ]
Estimation or MORSE udhia 20053 scheme is an opti- C2H2 VMRs were retrleved_for August 2003 for the 9 km_
mal estimation scheme developed by the University of Ox-t0_30 km nomma_l MII_:’AS altitudes. The results pre_sented in
ford based on the approach takenRydgerg2000 and has this paper are primarily for t_he upp_er-troppsphenc limb mea-
recently been used to successfully retrieve peroxyacetyl niSurements at a 12km nominal altitude with a corresponding
trate (PAN) from MIPAS observations Byloore and Reme- ~ average pressure of 200 hPa. The rgtrleval_used MORSEL1C
dios (2010 where further details of the retrieval scheme are files which were created by extracting radiance information
provided. for the GH> microwindow from the MIPAS L1B spectra and
The MORSE approach involves the inversion of the mea-applying a Norton-Bee_r Medium apodisation. Only retrieved
sured spectral radiances)(in order to obtain the best so- data where the cloud inde$pang et aJ.2004 was greater
lution for the retrieved parameters (the state vegfowith thar_1 4.0 (corresponding to clear-sky conditions) and the nor-
the associated random errer,The relationship between the mall§edX2 value was less than 2.0 were used. It was also
retrieved parameters and the measured radiances is definég@nfirmed that there were only small differences between the
by a forward modeF(x), in this case the RFM, which per- measured and simulated speqtra, W|th maximum values less
forms the radiative transfer calculations to calculate the exthan 40 nWi/(crsr cnt), consistent with MIPAS measure-
pected radiance given the input parameters. The retrieval {§1€Nnt noise.
performed sequentially, layer by layer.
As described byrodgerg2000, the solution to the above

Is constrained Wit_h respect to the a priori i_nfqrmatio_n (in this Figure 2 shows the final errors calculated for the retrieval,
case standard climatologies) by the a priori covariance an%howing the total calculated error (solid line), the ran-

the_solut.ion is found by minimising the cost f“,”C“Q'% via dom component (dotted line) and the systematic compo-
an iterative procedure where the state vecigri¢ updated nent (dashed line). The systematic model parameter er-

after each iteration. rors shown for each variable are Yalues calculated from
measured biases in the MIPAS data and were taken from

3.3 Error analysis
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i AL A B 3.4 Data evaluation
50 .
A :TPER; ] Unfortunately, there were very few measurements gii£
100k Ono - by other qbservmg system_s during the time period c_>f the MI-
N c<2:| 1 PAS nomma.I mode operat.|ons (full §pectral .resolutlon). The
vo error analysis of the_pre_vlous section provide the most re-
o F Acé ] liable error characterisation of the data and the geophysical
£ i P ¢N02 ] compactness of the relationships to CO (Sédcl) indicate
% 200f A® O %X OHNEJ ] the quality qf the daFa. However, comparisons to qther dqta
g I s goin ] set; from dn‘ferem time penocjs provide a qualltan_ve indi-
a [ hift | cation of the consistency of this MIPAS data set with other
250 spread ] systems.
s spec | As identified in the recent work dBonzlez Abad et al.
300 Ooffset (2011, non-satellite data systems measuringigin the ap-
[ ] propriate altitude ranges consist of MklV balloon measure-
[ ] ments and aircraft measurements from TraceFfst{man
SO0 i i i ] et al, 1996. Xiao et al.(2007) also present mean profiles
0.1 10 100 1000 10000 for aircraft campaigns in the July—October timeframe: PEM-

VMR 1% .
errer Tropics A and PEM-West AHoell et al, 1999 and INTEX-

Fig. 2. Contributions to the gH, retrieval error. The total er- A (Singh et al.2006.
ror (solid line), random error (dotted line) and the systematic error  1he MKIV balloon measurements consist of five vertical
(dashed line) are all shown as well as the various components t@rofiles obtained in Septembers of 2003 to 2007 at Fort Sum-
the systematic error such as the Instrument Line Shape and spectraer (34.4 N, 104.2 W). The most relevant data for Septem-
scopic errors. ber 2003 shows values between 45 and 55 ppt at 12 km, con-
sistent with our monthly mean retrievals of 50 ppt in that

) o region. The Trace-A data in late September and October
Fischer et al(2008. Uncertainties of 2% were assumed for 1992 sample a range of atmospheric regimes in the South
pressures and 1K for temperatures. Water vapour was asstlantic from biomass burning to clean aiGonzlez Abad
sumed to have an uncertainty of 20 %, with 10% farddd et 51, (2011) report mean values ranging between 80-120 ppt
HNO3z and 5% for CCJ. The errors associated with the ¢jose to 12 km which are consistent with our mean values of
Gain, Shift and Spread were calculated using perturbationg g ppt for the region associated with the African biomass
to the instrument line shape of 4%, 2% and 4 % respectivelynuming_ However, such a comparison clearly depends on
and an offset error of 2 nW/(c?Tsrcnrl) was assumed, with  the intensity and extent of biomass burning in a given year.
these values taken froffischer et al(2008. The error re-  gimilar considerations apply to PEM-Tropics A, PEM-West
lating to the GH> spectroscopy was conservatively assumeda ang Intex-A for which the aircraft mean values are 50 ppt,
to be 5% withJacquemart et a(2003 giving an error of 5 ppt, and 90 ppt (frofXiao et al, 2007 compared to 50,
between 2% and 5 %. _ _ 130 and 80 ppt in the MIPAS retrievals.

The total error on the retrieved VMR was estimated t(_) be Finally a preliminary assessment of our results was per-
15.6% at 200 hPa, largely related to the random retrievakymed against the ACE-FTS research dataset us@hik
noise (14.9%) and only 6.9% related to the systematic er 5 (2008. Unfortunately this comparison cannot be done
rors. Of those systematic errors, the uncertainty in thefy, the same year and indeed the ACE-FTS data had to be av-
C2H2 spectroscopy, instrument line-shape effects and presgaged over all summer months (June—August) between 2004
sure/temperature profiles were the dominant contributorsy,4 2006. However, both the ACE-FTS data and the MIPAS
with only a minimal contribution from the uncertainty in the g4t reported here observe a similar enhancement associated
VMRs of other species in this spectral window. Asthé#6  yth the anticyclone, with values ranging from 65 ppt (ACE-
profile decreases rapidly with altitude, above 120 hPa there I$TS) compared to 60 ppt (MIPAS) outside the anticyclone
a greatly_reduced signal qnd he_nce the random error increasgg 150 ppt (ACE-FTS) compared to 200 ppt (MIPAS) within
substantially. At these high altitudes thg @nd HNQ un- 6 core. Since the strength of the enhancement in the anti-
certainties add to the overall error wh_|lst at lower altitudes cyclone is likely to vary as a function of yearly surface emis-
(300hPa and above), the uncertainty in water vapour VMRgjqng the differences within the core are very reasonable.
has a much larger affect. Hence, we conclude that the MIPAS retrievals oH3 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 gHg are
complicated by interannual source and transport variations

Atmos. Chem. Phys., 11, 102483257 2011 www.atmos-chem-phys.net/11/10243/2011/
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A strong enhancement of ;82 is observed over the
Middle-Eastern region and clearly shows the enhancgthC
VMRs due to the Asian monsoon anticyclone as also re-
ported byPark et al.(2008. Enhanced eH, 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.

N
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200 hpa C,H, VMR / pptv
« =
[ =]

o

4.2 GH, — CO relationships

The VMR of carbon monoxide is expected to be heavily cor-
related to that of gH, (Wang et al.2004 with the GH2/CO
ratio an indicator of the relative age of the air mass and
the extent of atmospheric processing it has undergiiem(
et al, 2007 Smyth et al. 1996 1999. In order to examine
the GH, — 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 Bidt should be

(b) 150 hpa MOPITT CO noted here that currently no suitably mature CO products are

available for MIPAS itself, hence the use of MOPITT CO.

Fig. 3. 200 hPa MORSE gH, VMRs and 150 hPa MOPITT CO This comparison supports the interpretation that there is
VMRs averaged for August 2003. The strong chemical isolationmuch in common between the two gases with respect to ma-
related to the Asian monsoon anticyclone is the dominant featurqor inputs to the upper troposphere. However, there are also
but _strong enhancements of both species are glso observz_ad relat"i‘ﬁteresting differences. The,8, mixing ratios do not show
to b!qmass burning in southern Africa and Asian outflow into the strong features over Northern high latitudes and the Amazon
Pacific. unlike the CO data. In the Pacific region, theH3 provides
a tighter definition of the local transport, close to Asia, rather

but are reasonable. Future comparisons with ACE-FTS dat&1an the CO which appears more even in VMR, indicating
would be valuable but are not appropriate to this MIPAS datathat GHz distributions may prove useful in further constrain-

sets as it is confined to the nominal mode data obtained ifng particular transport pathways. These aspects indicate that
2003. CoH» data could provide significant and complementary in-

formation to that contained in CO distributions.
Some care should be taken in interpreting detailed com-
4 CyHg retrieval results parisons of the two data sets as whilst MIPAS is observing
at a 12km nominal altitude with an approximate 3 km field
of view and a mean pressure of 200 hPa, MOPITT is a nadir-

In the results that follow we concentrate on the 200 hPa IeveI,SOFmdlng mstrumeljt with the rgtrleved vertical levels a r.esult
its broad averaging kernels in the troposphere. Typically

. : f
at which the errors are smallest and random error domlnateg1e MOPITT CO 150 hPa averaging kernels have sensitivity

single profile retrievals. ) :
Figure3a shows all data for August 2003 at 200 hPa thatbetw_een 400-100 hPa_l. we have estimated, by applylng av-
pass the cloud and quality filters. The data are average raging kernels to typical profiles, that the effect of vertical
' resolution may lead to a systematic underestimation of the

onto a regular grid with a Gresolution using a distance- ) . o
weighted approach to calculate the mean; a scaling distancngz./CO ratio of.approxmately 109 but that a strong cor-
relation would still be expected between the relevant trace

r of 10° from the grid box centre is used with a weighting of as data from these two instruments

1—x2/r2, reaching zero at T0from the box centre (i.e. at 9 _ _ A _

x =r). This method maintained the sharper gradients whilst 11€ Strong African biomass burning signature is clearly
producing a robust average of the individual observation val-0PServed in both datasets, indicating thatg enhance-

ues. Rather than introducing interpolation errors, the datdn€Nt due to biomass burning is present. In addition, there are
are not interpolated vertically but instead an average presStrond CO and gH; enhancements observed over Asia, par-

sure level is given, following the procedure Kfoore and ticularly the extension of the monsoon anticyclone into the
Remediog2010. ’ Northern Pacific accompanied by outflow to the North (see

Figs. 3, 6 and7) which is consistent wittBey et al.(2007)

©o
o

~
w

@
(=]

'S
o

o
Q

w

150 hpo MOPITT CO VMR / ppby

o

4.1 Global behaviour
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=

MOPITT CO / ppbv

(c) Southern Hemisphere

Fig. 4. Correlation of the 200 hPa MORSEB, 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 clearly shows a strong correlation between the two VMRs
into the Pacific is the westerly flow north of 28. Although (with » =0.76) but with two separate domains having dis-
the data in the South-East Asia region is more sparse due tnctly different gradients.
the cloud associated with the Asian monsoon, enhancements The correlation was performed separately for the Northern
are observed over this region where data are present. It iéFig. 4b) and Southern (Figdc) Hemispheres and it is ap-
the strong enhancement of both CO angHg in the Mid- parent that the two domains seen in the global correlation are
dle East region which is of particular interest. Rather thandue to the differences ingi, sources and transport between
surface production and vertical transport, the probable causthe two hemispheres. The strong correlation of 0.92 for the
of this feature is long-range transport from the convective re-Southern Hemisphere is due to the relative lack of significant
gion over South-East Asia via the Easterly Jet associated witlsources of GH, or long-range transport south of the equa-
the Asian monsoon anticyclone into the Middle East. This istor. In contrast, the Northern Hemisphere contain the strong
consistent with the discussion of a similar feature in OzoneAsian GH, sources and a considerably higher background
observations byl( et al., 2003. of CO resulting in a lower correlation of 0.67. The points
The 200 hPa MORSE4E, VMRs were correlated against  with a low GH> values and high CO values are high latitude
the 150 hPa MOPITT CO VMRs for the globally averaged points where CO is enhanced buttd; is not.
monthly data and the result is shown in Fig. with the red The major biomass burning regions of Southern Africa
points indicating the mean values of the data along with their(30° S to 10 N, 30° W to 8C° E) and South America (3® to
standard deviation, separated into 2 ppbv bins. This figurel®® N, 180 W to 30° W) both show strong correlations, 0.81
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Fig. 5. 200 hPa MORSE gH», VMRs against 150 hPa MOPITT CO VMRs averaged for August 2003 for: Afric&d 3@ 10 N, 30° W

to 8C¢° E), South America (30S to 10 N, 180 W to 30° W), Asian Pacific Outflow (10N to 40° N, 130’ E to 110 W) and the Asian
monsoon anticyclone region (10l to 40° N, 3(° 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 (Fig5b) respectively. However, the re- Although the correlation is reasonable, it appears that there
gions are otherwise very different. The highestig VMRs is considerable variability in either ratios of,8 to CO
of 150 pptv are observed directly over the African source re-sources or in the photochemical age of the observgdbC
gion with the Amazon region showing much smallei3
VMRS for the same CO mixing ratios. In the African sec- strong correlations except in the strongest source re-

tor, where significant transport into the Atlantic is observed,gions where these are disturbed, it is instructive to examine

the gradient of the correlation is significantly higher (3.17) . . .
. . LT . . the GH»/CO ratio. Smyth et al.(1996 note that this ratio
than in South America (1.41) indicating either very different is preserved through th)gproces(ses (?f convection and mixing.

source ratios of the two gases or a very different photochem:l.he gridded GH, and CO values (as shown in Fig) are

|calhreg|m§; d|IL:t|.on' of the .OUtﬂOW plurﬂe vx;}ould nort] Zhow' used to calculate theE,/CO ratio (Fig.6). The highest
suc and_e ec_t. :}'S mtelrlestm? tr? nfotet at_t € SOl:jt. q rr?er"ratios should be observed over source regions wheké, C
can gradientis the smallest of the four regions studie €r€-and co are both produced from the combustion process and
For the Asian outflow into the Pacific Ocean {10 to diminish with time as the photochemical age of air increases
40° N, 130 E to 110 W), a correlation of 0.91 is observed with atmospheric processing. Due to the difference in life-
(Fig. 5c) with a steep gradient (5.25). This strong correlationtimes of GH» (approximately 2 weeks) and CO (approx-
and steep gradient suggest that there is considerable transnately 2 months), for a high £,/CO ratio to exist (i.e.
port between Asia and North America and that this occursgreater than 2 pptv/ppb8myth et al, 1996, the GH2 must
on a relatively short time-scale before theH; has time to  be relatively young and associated with recent combustion.
photochemically age. The two most obvious regions are clearly the biomass burn-
ing and Asian monsoon anticyclone regions where the corre-
lation relationships are disturbed.

Having illustrated that the £, — CO relationship main-

Finally, the Asian monsoon anticyclone region {Nto
4° N, 30° E to 110 E) has a correlation of 0.59 (Figd).
Unlike the previous examples, the region here is largely iso- Clear transport mechanisms can also be identified from
lated with convective injection toward the east (see Sed}L the GH,/CO ratio in Fig.6. The high ratio located over
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Fig. 6. 200 hPa MORSE gH»/150 hPa MOPITT CO ratio for August 2003 calculated from tRegfbbally 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- The fact that the @H,/CO ratio is consistent with the
els west out into the Atlantic Ocean. A further plume ex- known transport mechanisms in these regions provides con-
tends eastwards across Australia and towards South Amefidence in the approach taken, allowing the transport from
ica, where the transportation can be seen much more clearhgsia into the Middle East to be discussed in the context of
in the GH»/CO ratio rather than in the CO field. A fur- the GH>/CO ratio. The high gH,/CO ratio extends over
ther transport pathway is observed from Asia into the Pacificthe whole of the region and again clearly shows the strong
Ocean and is related to the tongue of the Asian Monsoorchemical isolation of the monsoon. This is consistent with
anticyclone that extends over the Pacifidey et al, 2007) the behaviour of CO within the Asian monsoon anticyclone

. This process is known to transport air relatively quickly, as observed from the Microwave Limb Sounder (MLS) by
consistent with the observed highldy/CO ratio over the Li et al. (2005. Barret et al.(2010 goes on to show using
ocean where there are no source regions present. Frgure assimilations of this data into the MOCAGE chemical trans-
shows 5-day forward trajectory calculations performed us-port model that South-East Asian pollution is uplifted into
ing the HYSPLIT trajectory model and show a high consis- the upper troposphere and trapped within the Asian monsoon
tency with the transport identified using theHz/CO ratio.  anticyclone where it is circulated over Northern Africa, be-
These decay clearly along transport pathways where the Bhaving in the same way as theld; isolation and transport
day trajectories indicate timescales for transport which areobserved here.

consistent with the spatial regions where the lower ratios are As this region is entirely over land some care must be
observed. taken to distinguish between a maintained high ratio due to

Atmos. Chem. Phys., 11, 102483257 2011 www.atmos-chem-phys.net/11/10243/2011/



R. J. Parker et al.: MIPAS retrievals Of acetylene 10251

w
o

200
166

100

o o
3 z 2
- g 133 -
3 N £ 15
a « 2
a < 100 6
& i~ a2
< I, 66 3
g J g
= 33
0
-150 -100 -50 [ 50 100 150 !
Longitude Laotitude
a) North-South along 20 E
(a) East-West along 5 N @) g
200
° 166 166
g > § 100 e
- S 133 - g 133
g ~ g 150 ~
o [*4 I3 ['4
g s 100 g 3 100
o ~ o 200 o~
c < 66 c £ 66
g © g ©
= 33 = 33
%\ A 0 . 0
-150 -100 -50 [ 50 100 150 -60 -40 -20 0 20 40 60
Longitude Latitude
(b) East-West along 10 S (b) North-South along 40 E

Fig. 8. Zonal cross-sections of the retrieve@H distributions
along the 8N and 10 S lines of latitude, passing through the
African biomass burning §H, enhancement. The NCEP mean
tropopause pressure for August 2003 is shown by the red dashec
line.

150

00

Mean Pressure \ hpa
C,H, VMR / ppty
=)

S

N

w

o
[
O

fast transport or the alternative that the ratio remains high 300 0
due to there being various combustion sources distributed ™ T e P “0 %
over the whole region. There is no CO enhancement in the (c) North-South along 75 E

MOPITT lower levels in this region and the correlation for

this region in the upper troposphere (Figl) remains rela-  Fig. 9. Meridional cross-sections of the retrievedH distribu-

tively strong, albeit disturbed. Additionally, the fact that a tions passing North-South through both the strong Asian monsoon

clear gradient exists in the distribution of the highH5 and anticyclone isolation and the African biomass burning enhancement

CO values (Fig3) between the Middle East and Northern at 20 E, 40 E_and 75 E. The NCEP mean _tropopause pressure for

Africa provides confidence that it is the Easterly Jet transport:U9ust 2003 is shown by the red dashed line.

that is being observed. The anticyclone continues to trans-

port newly formed GH, and CO into the region from the

biomass and biofuel sources in Asia, leaving no time for sub-dashed line as a guide to the location of the troposphere and

stantial photochemical processing to occur before it is circu-the stratosphere.

lated back towards the source injection region at 200 hPa (see The GH, relating to African biomass burning is inves-

Sect.4.4). Itis this fast circulation due to the monsoon an- tigated through the use of zonal cross-sections taken along

ticyclone which causes the persistence of the highfICO  the ® N and 10 S lines of latitude, passing through the

which is observed and also leads to the maximum observedfrican biomass burning €4, enhancement (Fig). The

at 170 E over the Pacific. cross-section along°®™ shows the biomass burning signal
In the following sections we examine in more detail the uplifted within the Inter-Tropical Convergence Zone (ITCZ)

C,H; distributions relating to African biomass burning and (Sauvage et 812007) but confined to below 250 hPa, well be-

the Asian monsoon anticyclone. low the tropopause, with the outflow obH> generally less

than 100 pptv; this is consistent wigauvage et al2005.

The cross-section taken further south at $Ghows a simi-

lar distribution but with the @H, extending higher into the

In order to examine the £, distributions in more detail, atmosphere suggesting more intense biomass burning and a

cross-sections have been plotted for both the zonal @ig. stronger uplift of GH2 which is consistent witlBarret et al.

and meridional (Fig.9) distributions. The NCEP mean (2010 andSauvage et a[2007 who discuss the strong as-

tropopause pressure for August 2003 is shown as a redending winds in this region related to surface gradients in

4.3 African biomass burning

www.atmos-chem-phys.net/11/10243/2011/ Atmos. Chem. Phys., 11, 1022837-2011
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Fig. 10. Zonal cross-sections of the retrievedH distributions ) . . .
along the 20N and 30 N lines of latitude, passing through the Fi9- 11. The Geopotential Height Anomaly and Outgoing Long-

strong Asian monsoon anticyclone isolation. The NCEP meanaVve Radiation for August 2003. The geopotential height anomaly

tropopause pressure for August 2003 is shown by the red dashel used as an indication for the anticyclone location and is shown to
line. be in strong agreement with the enhancetigchemically isolated

by the monsoon anticyclone. The OLR is used to indicate areas of
deep convection (i.e. OLR205W m*Z) which are outlined by the

- hite contour lines. These show the large area of deep convection
temperature and humidity. Outflow towards the east and WeS\évver India and South-East Asia, on the South-Eastern edge of the

is also apparent with values above 100 pptv observed OVeRqian monsoon anticyclone.
both the Indian and Atlantic Oceans. Overall, the highest

concentration of gH, at 250 hPa is found to be less than

150 ppt. tion (OLR) show that the main monsoon convection is oc-
Meridional cross-sections of thepB; distribution were  curring between 0 and 20N, with some convection extend-
taken along the 2CE (Fig. 9a), 40 E (Fig. 9b) and 78E ing further north. The data show very clearly that theHg
(Fig. 9c) longitude lines, confirming these findings. Note mixing ratios are very strongly related to the convective sys-
that the cross-section at 28 (Fig. 9a) includes the western  tems (marked by the OLR; also by the white areas of cloud in
edge of the anticyclone in the Northern Hemisphere and therig. 10and12). Following injection, the enhancement moves
African biomass burning region in the Southern Hemisphere northwards and westwards from the convective region into
It is worth noting that there are apparently weak enhancethe centre of the anticyclone at 200hPa. This is consistent
ments of GHy in the stratosphere above high values in the with the work ofPark et al(2007) who note a clear distinc-
troposphere. Correlations suggest that these are a retrievéibn between the location of the anticyclone circulation and
artefact and no other evidence of enhanced stratospheric vadhe convective region over India and South-East Asia cou-
ues could be observed. This subject is returned to in the nexgled through convective outflow into the anticyclone at this

section. altitude. The 150 hPa geopotential height anomaly calculated
from NCEP meteorological data (Figla) shows the posi-
4.4 The Asian monsoon anticyclone tion of the Asian monsoon anti-cyclone and the associated

wind field for this month and again is highly consistent with
In contrast to Africa, the strong £, enhancement in the the GH distributions.
Asian monsoon anticyclone is observed as high as 150 hPa, Zonal cross-sections ofsE> were taken along the 20
reaching the tropopause inside the core of the anti-cyclone and 30 N latitude lines passing through the strong Asian
75° E (Fig. 9c). Values of at least 200 ppt are observed. Thismonsoon anticyclone isolation. The cross-section taken
suggests that the observed uplift from the monsoon convecacross the centre of the anticyclone core &tl8@Fig. 10a)
tion is considerably stronger or occurs on a faster timescaleshows the extent of the chemical isolation with a strong gra-
compared to the weaker convection observed over Africadient both across the western edge of the anticyclone and
The meridional distributions and outgoing longwave radia- vertically as the @H» is constrained beneath the tropopause.
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Fig. 12. The MORSE retrieved §H> distributions for August 2003 located over the Asian monsoon anticyclone region for the 9 km, 12 km,
15km 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;B, profiles across the mon- sounding data emphasising the complementarity of good
soon boundary show the strength of the chemical isolatiorlimb sounding observations.

inside the monsoon as previously identified Bark et al. A set of typical averaging kernels for theseH; MIPAS
(2008 but with much higher spatial and temporal resolution. retrievals over the monsoon anticyclone region are shown
The zonal cross-section at28 (Fig. 10b) transects the con- in Fig. 13 and clearly show strong peaks at approximately
vective region of the monsoon located over India and South-300 hPa, 200 hPa and 120 hPa. Th#lgresponse function
East Asia as indicated by OLR values less than 205 m above 120 hPa shows that these data are highly reflective of
(Fig. 11b). Although the centre of the convective region con- the 120 hPa level itself and so should be highly correlated
tains no cloud-free data, the enhancements observed on theith it. Our data reflect this in both global and local corre-
edge of this region support the conclusion that thél£is lations (not shown). Therefore in our data, we cannot assert
uplifted from within this convective region. Additionally, that the distributions at 72 hPa unambiguously reflect strato-
the zonal cross-section at 38 (Fig. 10a) shows the east- spheric enhancements where they overlie enhanced VMRs
ward transport of enhanced VMRS at 200 hPa into the Asianin the troposphere below it. This is an important but subtle
Pacific. point. Randel et al (2010) and references therein note that

Fgues2shous e i dsbulonsathe four WipAS P ten i St s o e nioiione e
levels with average pressures of 313, 200, 120 and 72hP P P

(the 9, 12, 15 and 18 km nominal altitudes). Figag il- ﬁant with this. However, it is very difficult to distinguish the

. . . . __data effects from the transport effects and the vertical cor-
lustrates the convection-related uplift, the distinct gradlentsrelations in our retrievals sugaest that interoretation of this
maintained around the core of the anti-cyclone and the en; 99 P

hancement of the VMRS in the core. At 120 hPa, the domi_feature at least in our MIPAS data set requires considerable

nant feature is displaced eastwards from South-East Asia ande: Secondly, it suggests that the potential for upward cir-

i, consistent it . averags, Jane. August HCN 150 8108 e e parts of e ancyoone e
distributions from ACE reported bRRandel et al(2010. In Y

addition, one can observe a strong eastward extension of th%artmularly to the west of the convective region.

anticyclone which results in high mixing ratios in an appar-

ent maximum near 17 in the region where troposphere- 5 Conclusions

stratosphere exchange may be expected to otalieyeld

et al, 2002. Hence the fate of the air in this extension is Mixing ratios of GH, has been successfully retrieved from
an important consideration for future studies. Such a fea-MIPAS spectral radiances for August 2003 when the instru-
ture over the Pacific could clearly be mis-interpreted in nadirment was operating in nominal mode at the highest spectral
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C,H, Averaging Kernel As the GH2 and CO remain well correlated through trans-
R A R A port and mixing, this allowed the #El,/CO ratio to be cal-
culated and analysed as a marker of source injection regions
and subsequent photochemical ageing in the outflow regions.
Mean Pressure | A strong GH> signal was retrieved over the Middle East
11 hpa region and the gH,/CO ratio allowed us to observe en-
hanced GH» concentrations resulting from the fast outflow
from Asia associated with the monsoon anticyclone. This
enhancement was maintained by the influence of the anticy-
116 hpa clone associated with the monsoon, which acts as a barrier
195 hpa 1 to further transport, and by the fast re-circulation time within
312 hpa | the anticyclone.
485 hpa ] African biomass burning was characterised by more re-
gionally strong emissions leading to outflows away from
1000 . L the continent. Our data suggest that transport regimes from
0.0 0.2 0.4 0.6 0.8 10 Southern Africa into the Atlantic/Indian Oceans and the
Averaging Kernel transport from Asia into the Pacific Ocean are well-defined in
the GHjy fields, and better marked in the upper troposphere
Fig. 13. A example of a typical averaging kernel over the mon- than the CO. The £H,/CO ratio appears to decay strongly
soon anticyclone showing the sensitivity of the retrieval at 200 hPaalong these known pathways, probably due to photochemical
and 300 hPa. Note that there is no discernibjigsignal above  ageing, and results in the;8, appearing to be more tightly
100 hPa as expected, theld sensitivity is largely confined to the  confined along the transport pathways compared to the CO
upper troposphere. 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
resolution. Between 300 hPa and 100 hPa, estimated SyStenﬂ]rther confidence in both the,8> retrieval and in the use

atic errors are 15 % at best with random errors between 15 Y0t the GH./CO ratio as an indicator for the photochemical
10% and 30 %. Evaluation of the data indicates reasonablgge of air in future work.

agreem.ent Wit.h Iit.erature yalues, albeit Iimi_ted by the lack of By examining cross-sections through the anticyclone, the
space-time coincidence W't.h other observing systems. As forizontal and vertical extent of the isolation was shown. The
resu!t of the good data quality, we h.ave been able t_o ,prOduc%cation of the convective region over India and South-East
the T'rSF global maps of &1, anq ratlgs tQ CO, providing a Asia as identified by OLR data was also evident from these
key indicator of surface source injection into the upper tmpo'cross-sections, strongly suggesting that it is from this region
sphere, transport and decay due to photochemistry and dily- here the GH, is delivered into the upper troposphere at
tion. Strong signatures are clearly evident and are associat st timescales, followed by advection at 200 hPa. Analysis
with c_hemical isolation in the Asian monsoon anticyclone ¢ o geopote;ltial height anomaly and 150 hPa wind vec-
and with the export of African biomass burning. tors were also used to verify the location of theH3 within

15-(I;T1epczui)l\3/|,\'ﬂr$ ggs\f’,\jan used in conrj;unctionlw@th tge the anticyclone. The build-up of £, in the eastward ex-
a to examine the correlation be- o \qjnn of the anticyclone was also remarkable and allows

tvv:aen QthanddCO. When pen;orrne% globally, thesedcal- for comparisons to model studies of this isolation. The cur-
culations showed a strong correlation between thidLan rent MIPAS dataset is consistent with upward circulation on

COdo;OJﬁ but Vl_‘:'th t_WOhdlstlnct\(/dvohmalns du?a toéhe Cl?!o_réhezr the eastern side of the anticyclone but cannot unambiguously
and Southern Hemispheres. en correlated individua y’identify transportation into the lower stratosphere anywhere

the Northern Hemisphere had a correlation of 0.67 show-in the anticyclone due to vertical correlations.

ing the much greater variability in the transport and sources A similar analysis was performed for the African biomass

compared to the Southern Hemisphere whose correlation Wat§urning enhancements. Here the uplift was observed not
0.918 bUI.With significantly Ipwergl-lz values. Defining thg_ to penetrate as high into the troposphere as for the Asian
geographical regions to limit the influence of the variability monsoon anticyclone and to be more dominated by outflow.

fron|1 ?jlﬁ,i:‘e'm sgurcisAallovx_/ed str(()jn%er :qrrelgtlof}s to bf? '€C,H, mixing ratios at 250 hPa were less than 150 ppt in con-
vealed. Alrica, South America, and the Asian Pacilic outilow trast to 200 ppt or more within the anticyclone.

regions all correlated strongly. Even for the case over the In summary, we have shown that is is possible to use MI-
M|ddle East/AS|_a where these is no clear ocean backgroung,AS data to explore the upper-tropospheric distributions of
influence to distinguish the enhancements from, areasonabl@2H2 with a much higher temporal and spatial resolution
correlation between £ and CO still existed. than has previously been possible. The ratio gH&CO
was shown to provide information on the injection of surface

100 F

Mean Pressure / hpa
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emissions and transport of photochemically aged plumes. R., Sloan, J. J., Soucy, M., Strong, K., Tremblay, P., Turn-

In addition, we have shown that MIPAS;B, can act as bull, D., Walker, K. A., Walkty, |., Wardle, D. A., Wehrle, V.,

a tracer for investigating dynamical effects such as convec- Zander, R., and Zou, J.: Atmospheric chemistry experiment

tive regions for trace gases, advection, outflow and long- (ACE): Mission overview, Geophys. Res. Lett., 32, L15S01,

range transport. Due to the high spatial sampling, this data d0|:1Q.1029/20056L02238&005. .

would prove suitable for further exploitation by comparisons B€/sch I T., Yokelson, R. J,, Ward, D. E., Christian, T. J., and

to modelled data in order to study these effects further. We 2% W M-: Trace gas emissions from the production and use
. . . . of domestic biofuels in Zambia measured by open-path Fourier

therefore pehe;ve that where pOSS|bI§, routmg retrieval of . sform infrared spectroscopy, J. Geophys. Res. Atmos., 108,

these species in the future would be highly desirable.

8469,d0i:10.1029/2002JD002158003.

Ideally it would be possible to compare MIPASHKL,; data  Bey,l., Jacob,D. J., Logan,J. A., Yantosca,R. M.: Asian chemical
sets with other direct observations, although MIPAS data sets outflow to the Pacific in spring: Origins, pathways, and budgets,
for other trace species are well characterised and compare J. Geophys. Res. Atmos., 106, 23097-23113, 2001.

well with other species. In the future, it would be possi- Blake, N. J., Blake, D. R., Sive, B. C., Chen, T. Y., Rowland,
ble to develop a retrieval for the MIPAS optimised mode F. S.. Collins Jr, J. E., Sachse, G. W., and Anderson, B. E.:
(lower spectral resolution) and enable a direct comparison Blome_tss burning emissions and vertical distribution of atmo-
with ACE-ETS data sets which also lack data sets for inter- spheric methyl halides and other reduced carbon gases in the

comparison. This would further support the excellent ad- ,Ls,j;éz Ait;a;n;c region, J. Geophys. Res. Atmos., 101, 24151~

vances in global observations of organics species in the rog, jnia A - MIPAS Orbital Retrieval using Sequential Estimation,
posphere that have been made in the last ten years. available online athttp://www.atm.ox.ac.uk/MORSE2005a.
Dudhia, A.: The Oxford Reference Forward Model, available online
at: http://www.atm.ox.ac.uk/RFM2005b.
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