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e Two high-resolution Fourier Transform Infrared (FTIR) spectrometers Information content and error budget have been carefully evaluated. FIGURE 1 displays Observed §'°C for carbon monoxide (46.5°N) & 1005
operated under clear-sky conditions at the International Scientific Station of typical results computed for vmr, in the case of “CO. A very similar picture is obtained 400 - ® 19971 1 o Atmospheric isotopic ratio ("C/“C) have been computed
the Jungfraujoch (ISSJ, 46.5°N, 8.0°E, 3580m a.s.l.) which is part of the for "CO, hence itis not shown here. ® 1999 using the following usual notation:

Network for Detection of Atmospheric Composition Change (NDACC, i i 1
formerly NDSC, http://www.ndacc.org) Alpine station. e Thethree first eigenvectors and corresponding eigenvalues (see left frame, in black, 00 @ 2002 | | 5°C - ( CO/ C0O),.. I -
red and green, respectively) show that information on the “CO tropospheric column 2 3882 (13CO/ 12CO)“ f

e More than 7000 high-resolution (0.003 to 0.005 cm™) IR absorption solar 1s only coming from the retrieval, this 1s also true for the discrimination between 30 = 2005 | ’
spectra relevant to the present study have been recorded regularly at the partial columns below and above 8.2 km (98%). Further vertical resolution is _ where ("CO/“CO)_, = 0.011237 (Vienna Pedee Belemnite)
Jungfraujoch, essentially since the early 1990s. available as indicated by the third eigenvector (in green), but with a more significant E

contribution from the a priori (38%). The situation is a little less favorable for "CO, E’, 100 e FIGURE 3 shows the seasonal variation of 8°C above the
FIGCURE q - g";imme::grmr with corresponding typical values 0f 99, 81 and 71 %. 3: Jungfraujoch station. The displayed monthly mean values
L forai conten% A, =1.00 2, =0.98 Totalerror . . o . . combme quaspsnnultangous meelgsurements (taken Wﬂhm
caloalated for vir. for | o y e The error budget affectmg. the.: r.etrleved vmrs below 25 km IS given in .the rlght panel maximum 1 hour) 0fth§ CO and "CO mean volume mixing
typical "CO retrievgtls ” of 1FIG[ZiRE lfthOtal aI}d 1nd1v1dual €Iror p;Oﬁ;/S a;i/ PE‘OY%GS artl“dhldentlﬁedh(se'e ratio in the atmospheric layer extenc};ng from the ground
the Jungfraujoch gglﬁfl;? tisg-o/[ legoe/ typlfct'o;l egf(;l;_;o;rﬁspon _to1 01[ o for o ]Sg/t eftrﬁpgsg lesrlz i (3.58km) up to 8.2 km. The mean 3°C deduced from the
station. Left frame ) 0 o] ot the 3. 2 km partial column, to 5% [8%] ot the 8.2-15. whole data set 1s reproduced as a continuous line while the
shows the three first 20 ol km partial column. dashed lines correspond to + one standard deviation around
: - -200 the mean [-9194].
oE f?veescltjoor > dviviltg ) ) 4.CO and "CO TOTAL COLUMN TIME SERIES CURE 3. 1 " A
cigenvalues (L) e - 11IMC SCTICS O . | | . | | | | | . | o Among striking features, we notice a .51gn1ﬁcant.season.al
frame gives the error - . 18eHs - | frame) and B3O (lower CALENDAR MONTH 1}11ne Uy, ah@ d mmlr;qumﬂfl roun ¢ C?\;em fr. . © 0 slfélve
budget, with 7 I frame)above the FIGURE 3. Seasonal variations of the &°C, derived from quasi-simultaneous {) cos I8 T A e o oI
dentification of the : | . ” S , , , atitude sites [4]. However, the amplitude of the signal 1s much
. £ toevts | { Jungfraujoch station. Error measurements of the “CO and “CO mean vmr in the 3.58-8.2 km atmospheric layer. Vertical larger here, possible causes will be investigated with the help
main ?fror i:}(l)mponentii i . \ i “ | bars correspond to the bars give the standard errors around the monthly means. of comparison with GEOS-Chem 3-D transport model (v
3;2;21 Visriabeilii;sume | | | - = ;_ idet18 | . !:ii" EE 55!1 : 1 standard deviations around 7.4.11) calculations.
1.0 05 00 0.5 10 0 20 40 60 80 100 120 : A :Ii F‘l | 1 H y |‘| | the monthly means. 6. COMPARISON WITHACE-FTS DATA
Eigen vectors Relative errors (%) S sets | ;ﬁmhl.* ¢ | ' f'\l‘: | \‘ ;‘ | Running mean functions — —
E | ’ I!l'.tll E!!l‘ 1 :!:u jl:‘ m' : 7 help to appraise the short- o The ACE-FTS is a Canadian instrument which was launched onboard the SCISAT satellite on stweir |- [ st o 02154k tor g |
2. RETRIEVAL STRATEGY Loes L ::: | A .T | term and 1interannual 12 August 2003. Since the beginning of routine operations on 21 February 2004, this Fourier e monty mean paral corns above 1851 62154 k)
| | variations. | N Transform Spectrometer has recorded up to 15 sunrise and sunset occultations per day (about B0HT [ | o ACE.FTS monthy sonsl moan prtatsoamns (615 ki :

e Forthe Jungﬁ'aujoch spectra, all retrievals have been performed with the SFIT- T The two time SCI'I?S exhibit cvery 90 minutes), with a maximum spectral resolution 0 0.02 CIIl_1 1n the broad 750-4400 CIIl-1 ”g
2 algorithm (v3.91) which is based on a semi-empirical implementation of the T T e e similar features with strong spectral region [4]. 2 _
Optimal Estimation Method formalism of Rodgers [1]. This code allows to | seasonal cycles for both £ souiil . '
determine information on the vertical distribution of most of the species peltrmT ]'3 R 130“’_13010%“63: showmg e ACE-FTS products used here for “CO correspond to the standard version 2.2. "CO profiles _E i ' , | t
accessible to the ground-based FTIR technique. CO above Jungfraujoch (46.5°N) | MmaXximuin colun?n.s 1n were specifically retrieved for the present study, focusing first on the 41-51°N latitude range 2 s I TR f W Gk g d g

e | March/April and minimum and on the 2004-2005 time period. Over northern mid-latitudes, vmr values are generally % 0 Rl Wl iR T T & J :

e The HITRAN-2004 spectroscopic compilation used here includes the latest T Laents | | abundances in .Sep.te.mbe.r. available down to at best 7 km. Jungfraujoch and ACE-FTS partial columns are comparedin =~ 2 ™ | [l (/™ ol '\ "kf' b |i‘55'=':'>,gg’i;-.w ﬁ.:,. W -;’
August 2006 updates for water vapor. The carbon monoxide (CO) a priori i _ Interann}lal V?flablhty 15 between about 8 and 15 km, since the ground-based retrievals are sensitive in that range, as s .' S TR .“\ S R !g. |
information is essentially based on ATMOS occultation measurements which i et T ! | also ObVlOU.S., with years 1.1ke shown by the information content analysis. ﬁ I TN ’< % (N | 17
were performed 1n the 39-49°N latitude range during the ATLAS-3 mission of : e ﬂgi|“ 5“’! ,-t:l o TH | 1998 shqwmg very high 206417 (I * 1
November 1994. Assumed daily pressure-temperature profiles were provided S Lo | i ||l Iy Al ;5‘ | 0w - columns in both sets, Over e FIGURE 4 compares the Jungfraujoch and the ACE-FTS data sets for “CO and "CO. All T
by the National Centers for Environmental Prediction (NCEP, USA). i | !:‘“il- By | S | { | the whole season, resulting occultation measurements obtained between 41 and 51°N latitude and extending down to at 19960 19970 19950 19990 20000 200L0 20020 20030 20040 20050 20060 20070 20080 20090

£ Laens | TRl I E,!' :i."' I'!‘ A I 1. | from high biomass burning. least 8 km are included here. S

e Two approaches have been developed and optimized to independently retrieve % 0 Ly f ¢ Il' g | Thisisalsotrue -althoughin [l | 5 Gy wenpetim M S (s :
abundances of “CO and "CO. In both cases, several lines of the target gases Loeste - " | @ lesser extent- in 2002 and e The “CO Jungfraujoch time series (in blue) is characterized by a clear seasonal modulation, B 154k
have been carefully selected in the so-called INSB spectral domain, more ' 2003, ,Wlth cmission showing 1ts maximum around the middle of the year, 1.e. somewhat later than the total column “AeHE T | @ ACSFTS monthy 2onal mesn partelcolumns (815 km) ]
precisely in the 2055-2155 and 4205-4295 cm™ ranges, for "CO and “CO T s mer e, a0OMalies attributed to signal (see Figure 2). The ACE-FTS data set (in orange) agrees reasonably well with the %5 _ | ]
respectively. Since the broadband spectra encompassing these lines are not L strong boreal forest fires [2]. ground-based data, the higher scatter in the spaceborne data resulting partly from very high £
recorded with the same optical filter, no strict timely coincident measurements values recorded above polluted regions (¢.g. China, Russia). < erensf :
of the two 1sotopologues are available from our database. Ratio have therefore 5 5 .
been computed allowing for a maximum time difference of 1 hour, compatible o The seasonal cycle is less obvious in the Jungfraujoch “"CO time series, with significant 3z ™ | ol Tg oy
with CO intra-day variability at our site. BACKGROUND INFORMATION ON CARBONMONOXIDE (CO) variations essentially in 1998 and 2007. The ACE-FTS data set is actually too short to draw £ ... Y _.‘;.a. U W Al dlss = Sl f )

c . L . . . firm conclusions from the comparison. An extension in time of the ACE-FTS data set and b 0P | il maiwo ool e MSATU T L DX TTRe] o
: : : : 13 o arbon monoxide (CO) 1s an important reactive gas in the troposphere. It 1s emitted . : : : : o] | e A e e R T AR B Ae
e The following four microwindows have been simultaneously fitted for "CO: at the Earth’s surface by fossil fuel combustion and biomass burning, it is further further comparison with model calculations should help to clarify the picture. it R B ¢ il O i E 0 ¢ 1 I AR AR f o7
2057.78-2057.91;2069.61-2069.71; 2117.355-2117.447 and 2153.36-2153.56 ¢ Ny - : ’ L1 References Acknowledements SV N A USRI TR IR 1 LA B
g o , , ransported and mixed into the troposphere. Biogenic sources as well as oxidation g 2peis | o -
cm'. Ozone and the solar spectrum are the major interferences in these domains. of methane and non-methane hYdI'OCElI'bOIlS complete the emission budget. [1] Rodgers, C.D., Characterisation and error analysis of profiles derived Work at the University of Liege was primarily supported by the AGACC | L /
from remote sensing measurements, J. Geophys. Res., 95, 5587-5595, anq the SECPEA projects funded by the Belgie.an Federal Science Policy ! I ;90 - (; - I1 - J ml : 0I4 : I; 16 : OI ; 20018 —

e For the main isotopologue, 6 microwindows were used: 4209-2-420955, o Large uncertainties still affect the relative contributions of the identified E;]go\}urganov, L.N. et al., Increased Northern Hemispheric carbon tofglcelrffeéanggiC(j)rI:aRloleé(uig)f{ii)r:meHsi’g,Lesi(letcti]L\llgéy)’Ri;%ssrecl;. Véi;tf:i?]l; B .OCAI?]‘:I;TODAR;].EGARO o L
4227.094227.8; 4231 474231 97; 4274.63-4274.965; 428482428536 and " popogenicand matural sources e e e e e ) Ty st ¢ FIGURE 4. Time series of UT/LS partial columns for "CO
4291-4292.14 cm . Absorptions by methane, HDO and the solar spectrum have | | - kel Toesemonly st cmosiipof hesoces et snd e smares Ve uthr acaovidee e vl (upper frame) and "CO (lower frame) deduced from the ground-

' e Destruction by the hydroxyl radical (OH) 1s the main removal process for CO 1n 108(D20), 4635, doi:10.1029/2003JD003419, 2003. o observations used here. . . based observations recorded at ISSJ as well as from occultation
. . [4] Bernath et al., Atmospheric Chemistry Experiment (ACE): mission Contact information: .
both the troposphere and the stratosphere. The resulting average tropospheric overview, Geophys. Res. Lett., 32, L15501, doi:10.1029/2005GL022386, emmanuel.mahieu@ulg, ac.be measurements from the ACE-FTS space-based instrument. Error
Poster presented at the EGU General Assembly 2009, Vienna, Austria, 19-24 April 2009. lifetime of CO varies from several weeks to a few months. 2005. http://girpas.astro.ulg.ac.be bars give the standard deviations around the means.
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