4 -

RIS First retrievals of HCFC-142b from ground-based

Poster Z117

high resolution FTIR solar observations:
application to high altitude Jungfraujoch spectra

Emmanuel Mahieu (1), Simon J. O'Doherty (2), Stefan Reimann 3), Martin K. Vollmer 3), Whitney Bader (1), Benoit Bovy (1)
Bernard Lejeune (1), Philippe Demoulin (1), Ginette Roland (1) Christian Servais (1) & Rodolphe Zander ()

Universite
de Liége

EMPAQ

Materials Science & Technology

(1) Institute of Astrophysics and Geophysics, University of Liege, Liege, Belgium
(2) University of Bristol, School of Chemistry, Bristol, United Kingdom
(3) EMPA, Laboratory for Air Pollution/Environmental Technology, Duebendorf, Switzerland

N\ /
/ \ /5€+14_|"|"|"|"|"|"|"|"|_\
INSTRUMENTATION, SITE, OBSERVATIONAL DATABASE AND TOOLS BACKGROUND INFORMATION ON HCFC-142b (CH,CCIF,) . HCEC-142b above Jungfraujoch 14
-- Two Fourier Transform InfraRed (FTIR) spectrometers, namely a homemade and a Bruker IFS120-HR, are -- Hydrochlorofluorocarbons (HCFCs) are the first substitutes to T s L _ _ T - A
operated under clear-sky conditions at the high-altitude International Scientific Station of the Jungfraujoch the long-lived ozone depleting halocarbons, in particular the < Comparison with AGAGE in situ measurements 130 £
(Swiss Alps, 46.5°N, 8.0°E, 3580m a.s.l.). This site is located on the saddle between the Jungfrau (4158m) and man-made chlorofluorocarbons (CFCs). é‘ 4 Biennial mean total columns for 1989-2000 (homemade FTIR) S
the Monch (4107m) summits. FTIR monitoring activities are conducted at that site within the framework of = [ - “H"I‘;':::'::qt’:ﬁ:;‘\’ﬁ'ﬁ:’;’f;;Z’n"t’:?:iﬁsvir:;:::‘::; "R d 125 3
the Network for the Detection of Atmospheric Composition Change (NDACC, see http://www.ndacc.org). -- Given the complete ban of the CFCs by the Montreal % 3etr14 |- s e el il -
More information on the involvement of the University of Liege at the Jungfraujoch station since the early Protocol and its Amendments and Adjustments, HCFC emissions = | —— Second order fit to FTIR data b Lk .-;-f..--l el 1,, 2
1950s as well as on some representative achievements can be found in Zander et al. [2008]. have been rising, with a wide use of these compounds in many E:Q; | ' ] E
, , , , , applications, e.g. as foam blowing agents, in refrigeration and , - =
-- Both instruments are equipped with cooled HgCdTe and InSb detectors, allowing covering the 650 to 4500 air-conditioning. = letld 115 2
cm1 region of the electromagnetic spectrum. Here, we use high-resolution (0.006 cm-1, OPD of 82 cm) IR = ~
solar absorption spectra spanning the 700-1400 cm interval. Given the weak absorption of HCFC-142b, we -~ Current emissions of HCFC-142b are significant, on the order > Y 110 E
seIepted spectra recorded at low sun, with apparent zenith angle in the.80-87° range (alpogt 3000 spectra of 35 Gg/yr. Its atmospheric accumulation has recently g lerld L T /ﬂ.,,// =
available, of which ~2200 recorded with the Bruker instrument). Average signal-to-noise ratio is close to 900. accelerated, and present growth rates amount to 1.1-1.2 = L | 1. -,
| , | o | N pptv/yr. The HCFC-142b vmr is now close to 25 pptv in the [ L-71t | FIGURE 3 -
-- All retrievals have been performed with the SFIT-2 algorithm (v3.91) which is based on the semi-empirical northern hemisphere (Montzka et al., 2011). - L//‘ ;
implementation of the Optimal Estimation Method of Rodgers [1990]. This code allows in most cases to 0 ' —— Y ——
. . . . . . . fle Of the S ecies aCCGSSible to the round- . . . . . 1989.0 1992.0 1995.0 1998.0 2001.0 2004.0 2007.0 2010.0 2013.0
retrieve mformatl.on on the vertical volume mixing ratio (vmr). profile 2 specie g - The HCFC-142b atmospheric lifetime is estimated at 18 N AT ENDAR YEAR y
based FTIR technique. Here however, only scaling of the a priori vertical distribution of HCFC-142b has been vears. With a global warming potential of 2310 on a 100-yr time
\a”owed- , horizon, it is also a potent greenhouse gas (Foster et al., 2007). RETRIEVAL STRATEGY AND FIRST FTIR TIME SERIES FOR HCFC-142b
-- Available spectra were fitted, adopting the following settings: (i) a first run was
_ 06 . . . . . SELECTION AMONG THE CANDIDATE WINDOWS performed to pre-fit CFC-12, (ii) the vmr profiles of HNO, and H,O were retrieved
S | FOR THE RETRIEVAL OF HCFC-142b - apati - ri dictributions ?
- | ALl WLy ~St-Dev.=0-196% i during the iterative process while the a priori distributions of CO,, HCFC-142b were
: | | | PR Tostoewoa7% ysing HITRAN 2008 [Rothman et al., 2009], averaged vmr profiles based | | | | | scaled, using a window spanning the 900-906 cm™ interval (iii) line parameters from
10 - | | | | | creqas  ON WACCM version 6 model predictions for the 1970-2020 time period 110+ I —HeFe  the HITRAN 2008 compilation were used and (iv) we assumed mid-day pressure and
__ CFC12 [the Whole Atmosphere Community Model, http://waccm.acd.ucar.edu], oy e L3 W ~ H0o temperature profiles provided by the Natlon.al Centers for Enwronmgntal Predictions
o8 \\[ Y mm — co, mean humidity conditions for the Jungfraujoch and a HCFC-142b vertica 105 - \m[v/ i A AN‘\\ W\ _/\v/ \C;D (NCEP, see http://www.ncep.noaa.gov). Typical residuals from the fl.t to a spectrum
! e \\/’\ —h0 distribution scaled to match its mean 2012 abundance, we have computec wa \/ J,/ Ak / A / LV | —o, recorded on November, 20, 2012 are shown on the upper frame of Figure 1, in green
1.00 - N /\/f‘:g synthetic spectra (6.1 mk, zenith angle of 82.5°) for the first and seconc 100 _‘\-——Jn——\ﬂ\\/r\_j\} T B ‘;‘\ i1y~ su when .mcludlng HCFC-142b in the .ret.rleved species, in red when assuming no HCFC-
5 ) M 3 order absorbers in four candidate windows for the retrieval of HCFC-142b. 2 N ML i | 142b in the atmosphere. Uncertainties on the total columns have been evaluated,
Z 095 - —SMULATON  The windows in the 900 and 1100 cm-! regions are shown in FIGURE 1and & ** w mﬁr\ [ ‘M a \/’ ) I accounting for.va_rlous error sources (temperature proflle, mstrumental line-shape,
g * FIGURE 2, respectively. The individual absorptions are reproduced using .l \ /\\/“ H{ Mh NI finite S/N, a priori profile for the target gas, uncertainties on th.e line parameters...)
"+ ! different color codes and most have been shifted vertically for clarity. 1. ’ ﬁ | | o to <8% and <12%, for the total random and systematic contributions.
e ? I(_Jlentlflr;atlon of the absorbing gas is provided on the right hand side of the oss{[LILL L { ﬂ | | — FIGURE 3 reproduces the total column time series of HCFC-142b above
JUNGFRAUJOCH simulations. k.25 | ‘ |§ — smuwation  Jungfraujoch, normalised to 654 hPa. Blue circles correspond to monthly mean total
080 4 Lo1TEIET | _ o T B ) | columns derived from Bruker observations while the green triangles show biennial
T e v— As noticeable when comparing the HCFC-142b features from each frame 132 133 134 1135 1136 total column averages derived from early spectra recorded with the homemade
WAVENUMBER (em) (continuous pink lines), the absorptions are stronger in Figure 2 Ehan In WAVENUMBER (em) spectrometer. In both cases, error bars display the standard deviation around the
| | | | 'i'fg“sre 1.1N%n;(g/r|cal Vallll‘gg md;cgtg(ymaxm;(r)nsabsgrpt:jogsB;f 1-1/’92353; | | | | mean. Among striking features, we see a significant build up of HCFC-142b in the
110 HCFC-142b cm=, U./7% near cm=, U.5% near CM™ and V.57 near - 110 - S - — 1420 gtmosphere, with a yearly column increase of (1.05+0.08) E13 molec./cm? (2-0) for
T 04(680) cmt. However, and as confirmed by fits to these windows, strong - ~| — CH, 2000-2012, or (6.5+0.5) %/yr when taking the 2000.0 column as reference.
~
105 L” IO Y O interfering absorptions by CO,, O, and H,O prevent reliable retrievals of 105 - \ — | _—no
‘ﬂ [ /J’ﬁ L HCFC-142b from the ground in the 965-970 and 1132-1136 cm™ intervals, \l b oy / O el ] 10O -- AGAGE GC-MS in situ measurements at Mace Head (53°N) and Jungfraujoch have
I e\ Y A~
3 — smuaron 1@vorable in the 900-906 and 1191-1196 cm* windows. But systematic and 2 \Jr LN/ SR iAa N\ 1 N respectively (refer to right axis scale). Overall, the long-term evolution of the in situ
%0.95— mdepenplent fits to both domalns_ haye revealed that adoption of the %0.95— \ 1 ‘ W\\ Il M\ C amuLATION and FTIR time series are commensurate, with the latter data lower by 5% on
V‘ﬂ second interval led to the_determmgtlon of total gol.umn_s too large by | | [(\ m ﬂ [ average, i.e. within the systematic uncertainty evaluated above.
150 about a factor of 2, possibly resulting from a missing interference in e ‘
HITRAN and/or inconsistent cross section parameters for HCFC-142b. It | | m | | REFERENCES ACKNOWLEDGMENTS
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