Decrease of carbon tetrachloride (CCl,) over 2004-2013
as inferred from global occultation measurements with ACE-FTS
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The ACE-FTS (Atmospheric Chemistry  Experiment-Fourier  Transform
Spectrometer) has been launched in August 2003 onboard the Canadian SCISAT
satellite (Bernath et al., 2005). This intrument si still in operation to date, with no 60-85°N 23-Feb-2004 - 16-Mar-2013 7303 (1085)
significant degradation of its performances. Since the beginning of routine
operation in February 2004, it has recorded up to 15 sunrise and sunset
occultations per day, with successive infrared solar spectra collected (within 2s)
from 150 km altitude down to the cloud tops. The resulting vertical resolution is 35-60°N 23-Apr-2004 - 21-Feb-2013 3153 (517) 1 ~ & o
about 3-4 km, while the spectral resolution achieved in the broad 750-4400 cm™! , oogA 0 8 oV SRRt #3008 & e 2004
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The analysis of the ACE-FTS spectra are routinely performed at the University of E SR . .f;”f & 3 x"v'-c'*’]« -3: Pt 38 Bea®addy “eP Do R .;,1 2010
Waterloo (Ontario, Canada), with an algorithm described by Boone et al. (2013). ‘~ % $e %%y ’:’v Y & “5 -Q',"V.,(q“ F Fo3d 30 @ o) S @t g At | o 200
Numerous species are currently retrieved from the observations (see - R ot .1,(" g \;',',‘9 Fo % 90539870 S8e" S} Wioas L NIGH NG ® 2013
http://www.ace.uwaterloo.ca), among which carbon tetrachloride (CCl,). The 35-60°S 30-Sep-2004 - 12-Mar-2013 3014 (312) oF Jase 0 @wagec, s % *“V“ ‘ :"-"«:M,) ."‘-!,—-_.f.#.".'., Vo )
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/ - 25 km altitude range by fitting the occultation measurements in the 787.5 - 60-85°S 2-Jan-2005 - 16-Mar-2013 7276 (1086) ' \t:" T ety f}!"”k"f?q‘r’-x ‘*0* .‘«0’( e~ ""*%‘ j}e.',
805.5 cm-! spectral range. 60 ¥ qd &5& L S J ¢ W" r 4 (1 .u'l‘f ‘ﬂf,, /’g‘ ‘é)h
| | | V,\, w.. LT P ™ 3301 A > b e%"" y";p*
Here we used the more than 24000 occultations including CCl, measurrements "‘3?# »’" “‘ 93 Y, "3 ‘&EK' os ?i
and available from Version 3.5 in the 85°S-85°0N latitude range, from February ALL 23-Feb-2004 - 11-Jun-2013 24184 (2112) -80 ?J‘},»f i’: ‘Lfg& ssnieiis " "’;:‘“ ﬁﬁt Moty
2004 onwards (see FIGURE 1), updating the work of Allen et al. (2009). TABLE . . |
1 arovides some information on the distribution of the measurements with time 150 100 .50 o 100 150
and space.
P TABLE 1 FIGURE 1 Longitude
DATA SELECTION AND TREND DETERMINATION
In order to select the most appropriate atmospheric region minimizing the scatter ] ] ] ] o o
22 on the CCl, mixing ratio, we inspected the relative standard deviations (i.e. the Time series for the tropical region (35°S-35°N)
RSD- Weighted mean without 85-60°S ratio between the standard deviation on the arithmetic mean over 2004-2013 350
RSD for 35%S-35°N and the mean itself) with respect to the tangent height. FIGURE 2 shows the -
20 1 curves obtained for all latitude bins combined in grey (except the one for 60-
8590S which is more noisy and will require further investigations) and the one for :
the tropical regions in light green. It appears that minimum RSD are obtained 300 - Near 10 km (ACE-FTS, V3.5)
18 1 near 10 km in both cases as well as near 17 km for the tropical occulations (see j o dimar ITKMCCEFIS B8 @ t
red circles). Therefore, the mixing ratios available in the 9-11 and 16-18 km : e AGAGE (global surface. from WNIG assessments)
altitude ranges have used for the trend determinations depicted below. These -
16 - altitudes likely correspond to the best compromise between enough absorption by 90 ¢
€ CCl, and good observational statistics. 2
= o
2 141 FIGURE 3 shows the tropical daily mean mixing ratio time series near 10 and 17 o 200 -
2 km. Using the bootstrap resampling tool developed by Gardiner et al (2008) ® -
Z involving a linear component as well as a 3-term Fourier series to account for o
12 1 seasonal modulations, we derived decreasing trends significant and consistent at £ _ a
the 95% level of uncertainy, of -0.95+0.5 and -1.28+0.3 ppt/yr, respectively. f=-< 150 -
When using the 2004.0 mixing ratios as reference, we compute relative rates of = 1
10 - decrease of -0.79+0.40 and -1.35+0.34 %/yr, respectively. Given the good 5 A A A
vertical mixing in the tropical belt, the ACE-FTS mixing ratios recorded near 10 /A A
km are close to surface concentrations. The global in situ surface concentrations VAR
8 1 as available from the successive editions of the WMO assessments on ozone
depletion from the AGAGE and NOAA/ESRL networks are reproduced as red and
dark blue squares, respectively. Although these data sets nicely evolve in
6 - parallel, mean systematic differences close to 26 or 23.5% are observed between
' ' ' ' ACE-FTS and AGAGE or NOAA/ESRL, respectively.
10 20 30 40 50 i
FIGURE 2 Relative standard deviation (%) FIGURE 4 displays the absolute (ppt/yr) and relative (%/yr) trends derived for 0 | | | | | | | | |
various ACE-FTS subsets as well as their associated uncertainties (95% level). 250040 500610 50080 504010 50435 S04
There is no statistical difference among them and they all agree with a decrease : ' ' ' ' '
close to 1 ppt/yr or 1 %/yr. FIGURE 3 Year
i These trends are also in statistical agreement with those quoted in FIGURE 5
Abso_lute and relative trends (update of Rinsland et al., 2012) derived from ground-based FTIR measurements
from various ACE-FTS v3.5 subsets performed at the Jungfraujoch station (Swiss Alps, 3.58 km a.s.l.), using the
same spectrosopic parameters for the target gas, but accounting for line-mixing
affecting the nearby CO, Q-branch.
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FIGURE 4 ACE-FTS subset
REFERENCES INTERHEMISPHERIC CONTRAST
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- and weisenstein, b. K.: lobal carbon tetrachioride distributions obtain€d from the Atmospneric Lhemistry 2004-2013 ACE-FTS occultation measurements performed in the Northern
T Eéggrlment (ACE), Atmospheric Chemistry and Physics, 9(19), 7449-7459, doi:10.5194/acp-9-7449-2009, (35-60 and 60-85°N) and Southern hemisphere (35-60 and 60-85°S). The
' standard errors (i.e.the standard deviations divided by the square root of
Bernath, P. F., McElroy, C. T., Abrams, M. C., Boone, C. D., Butler, M., Camy-Peyret, C., Carleer, M., the number of available measurements) are shown as horizontal thin bars.
Clerbaux, C., Coheur, P.-F., Colin, R., DeCola, P., De Maziére, M., Drummond, J. R., Dufour, D., Evans, W. F. When performing pairwize comparisons, it apears clearly that the NH
IJV.I, HFaStH HM, FLI\J/IssLen,dD.é Glijlbelr\‘/’lc, E., tengingl%/fls,dD. Ii., ngwel\lllyn, E. JR., LISWﬁ,tR. IT:., I\I/\Ilahileu, E(.:, M;Colnneé:I,CJ:. (FE., vertical distributiot?s atl;e systematical_l]ly and Significa%tl¥ larger than theirl;
cHugh, M., McLeod, S. D., Michaud, R., Midwinter, C., Nassar, R., Nichitiu, F., Nowlan, C., Rinsland, C. P., SH counterparts about 7 t. This is unexpected for a species wit
oy, P ot b Watear A Wy 1 Waralor D A Ware, V. Socter & ana 9o, o negligible emissions and sugocst cither that Significant emissions are il
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Boone, C. D., Walker, K. A. and Bernath, P. F.: Version 3 retrievals for the Atmospheric Chemistry SUMMARY AND OUTLOOK
Experiment Fourier Transform Spectrometer (ACE-FTS), in The Atmospheric Chemistry Experiment ACE at
10: A Solar Occultation Anthology, edited by P. F. Bernath, pp. 103-127., 2013. ACE-FTS provides global CCl, measurements, currently spanning the 2004-

. . . . . 2013 time period and, typlcally, the 9-25 km altitude range.
Gardiner, T., Forbes, A., de Maziere, M., Vigouroux, C., Mahieu, E., Demoulin, P., Velazco, V., Notholt, J.,

Blumenstock, T., Hase, F., Kramer, 1., Sussmann, R., Stremme, W., Mellgvist, J., Strandberg, A., Ellingsen,

K. and Gauss, M.: Trend analysis of greenhouse gases over Europe measured by a network of ground-based The ACE-FTS mixing ratios are sytematically biased high with respect to in

remote FTIR instruments, Atmospheric Chemistry and Physics, 8(22), 6719-6727, doi:10.5194/acp-8-6719- situ surface measurements by AGAGE and NOAA by about 23-25%,
2008, 2008. essentially because line-mixing is not accounted for in the retrievals (while
they prooved to bias high the results by 10-15% as quoted by Stiller et al.
Rinsland, C. P., Mahieu, E., Demoulin, P., Zander, R., Servais, C. and Hartmann, J.-M.: Decrease of the (2004) and Rinsland et al. (2012); but also because of spectroscopic
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1322-1329, doi:10.1016/1.jqsrt.2012.02.016, 2012. the in situ and ACE-FTS remote-sensing techniques. This should be
Stiller, G. P., von Clarmann, T., Funke, B., Glatthor, N., Hase, F., Hopfner, M. and Linden, A.: Sensitivity of available in the next Version 4.
trace gas abundances retrievals from infrared limb emission spectra to simplifying approximations in _ _ . .
radiative transfer modelling, Journal of Quantitative Spectroscopy and Radiative Transfer, 72(3), 249-280, In the meantime, the ACE-FTS measurements (trends, interhemispheric
doi:10.1016/S0022-4073(01)00123-6, 2002. contrast, information on the spatial distribution...) are valuable and will be

used to extend the investigations presented here.
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