ESA Living Planet Symposium 2025

The Atmospheric Chemistry Experiment (ACE):
Recent Validation and Science Results

Kaley Walker (kaley.walker@utoronto.ca), Paul Jeffery, Laura Saunders, Patrick Sheese, and Jiansheng Zou
Department of Physics, University of Toronto, Toronto, ON, Canada

Introduction to the Atmospheric ACE Misson Data Products ACE-MAESTRO Instrument Performance

Chem|stry Expeﬂment (AC E) M ISSION ACE-FTS profiles (newest version 5.3, previous v4.1/4.2): « UV channel degradation started at beginning of mission with more recent stabilization
Usi | tation. ACE ” (o 30 e Minor update from v5.2 to 5.3 in January 2025 and increase!
T eetram ot Cor £ - Boone etal,, JQSRT, 310, 108749 (2023) | | UV High Sun Spectra ___VisbleHighSunSpectra
~ 4x107F = s
sunrise and sunset measurements per day ‘ Tracers: H,0, O, N,O, NO, NO,, HNO,, N,Ox, H,O.,, ' 2004-2025 | ek _—re
Orbit: 74° inclined circular orbit at 650 km N F HO,NO,, N,, SO, 3x107F - Hee
.y - 0 EuEl ] extoh , e SRR
Time series: Late February 2004 to present mE Halogen-contalnlng gases. HCl, HF, C ONOQ, CFC- 2><1o7§— 501008 0210 A, 3 - | 501302 202503
: IR0 WY 11, CFC-12, CFC-113, CIO, COF,, COCI,, COFCI, CF,, B8 Sios <10 |77 ]
ACE_-FTS (Fourier Transform Spectromet?r)- = SF¢, CH,CI, CCl,, HCFC-22, HCFC-141b, HCFC-142b, I aaotfl) 00200 B ]
* Mid-infrared FTIR spectrometer — 2-13 microns ;“ | W7 HFC134a, HFC-23, HOCI, HFC-32 : Yy
-1 . . AR o . =P B = S s e S S S B
gt 0.02 cm §pectral resolution and two filtered .»§ -~ Carbon-containing gases: CO, CH,, CH,OH, H,CO, 300 850 | 400 45 500 700 800 900 1000 1100
iImagers (VISIbIe and NIR) e Vi | HCOOH, C2H2, CZH4, C2H6, OCS, HCN, acetone, UV High Sun Spectra Visible High Sun Spectra
= : , SR . 8)(106_ .............................. — 8x1 06 ------ T .................................... —
 Bernath et al., GRL, 32, L15S01 (2005) f CH;CN, peroxyacetyl nitrate (PAN), CO, (5-18 km and ' 2018-2025 A : : AN A mess
> | <10°- 201509 | <10°] s
ACE-MAESTRO (Measurement of Aerosol \ | 6Ot km)i preSSt{rI\e/l_/ temperature :rﬁ%cgé“ngs NLO T T i
Extinction in the Stratosphere and ég OCIZOHO ogléess .NCI)nOIr—I?\lngIeS OF HoL, LU3, Us, NoU, erol coaris et ek
Troposphere Retrieved by Occultation): 4 N2 3 : e :
. . . 25108 2x10° i —
« Dual UV/Visible/NIR spectrometer — designed MAESTRO prof!Ies (current version 4.5); Z /. ! B
. . * O3, NO,, optical depth, and water vapor (v31) — aerosol N . o o) 4Ylo-£Uso0 & ~
for 285 to 1030 nm, with ~1-2 nm resolution extinction to come 300 350 400 450 500 550 500 600 700 800 900 1000 1100
McEIroy et al., Appl. Opt., 46, 4341 (2007) Wavelength[nm] Wavelength[nm]
y -» APPL. Upt., 40, - IMAGERS profiles (current version v5.3): . Cpnastent change in sensitivity seen in overlap .between spec.trometers
https://databace.scisat.callevel2 (reg. required) - . » Atmospheric & aerosol extinction at 0.5 and 1.02 ym * Likely caused by common element, as degradation also seen in ACE-Imagers
ACE-FTS Compared with new SAGE IlIl/ISS v6: O, Stratospheric age of air derived from ACE-FTS SF,
« SAGE IlIl/ISS v6 includes updated ozone cross sections, more thorough uncertainty budgets, and Using SF4 as a clock tracer, stratospheric age of air (AoA) has been calculated for ACE-FTS (v3.5/3.6) and MIPAS (V5R)
iInterpolation to account for gaps in transmission spectra due to sunspots _ : :
- R _ ACE-FTS Multi-year o o Comparison of Sampled CMAM39-SD with ACE-FTS
* Global average comparison |- -acE-sacEwsl [ )| | | (2004-2021) mean zonal ., ® 7 CMAM39-SD is the specified dynamics version of the
' |——ACE - v . [ . [ . . £ 5 : :
 Reduction in bias seen between 0} ] 80 ] 60f : mean age of air % 2 = Canadian Middle Atmosphere Model for 1980-2018
ACE-FTS V5.3 ana SAGE [ 50 | | s0f | s0f : * AIrin upper stratosphere <, % * Age of airin CMAM39-SD is from an idealized SFg tracer
from approximately 20-55 km - | | | L | appears older due to a y . . .
| | £, ol I | mesospheric SE, sink (not 0 * Model age output is sampled at locations and times of ACE-
* Small change in correlation ¢ | L | . P 6 U ttery FTS measurements and then averaged for comparison
from SAGE |1l v5.3 to v6 =2 Il |l | included in upper panel) . - |
o _ = ; | [ ; . A correction scheme « CMAM modelled air is generally too young, especially at
» Coincident pairs found within ol . 1 | - g higher latitudes, compared to ACE-FTS SF, age of air
250 km and 2 hours. Shaded | | | | developed by H. Garny 2 6 2
areas show 1-o of differences ! | i I 1ol f was implemented to 2 ¢ 5 o
_ | | | I ' account for this is applied ) < L
ACE-FTS v5.3 quality flags 200 400 600 0. : (included in lower panel) 0 < 7
doi:10.5683/SP3/57JLUB Coincidences Correlation coeff Rel diff (%) —to 5 £0 5 %
ACE-FTS 2004-2021 . Latltfde[ | ] :E‘E %
B s Zonal distribution of the =
] [ [ - — Y
. 0.6 linear trends in AoA = S
: - ' S X
Com parlng 03 trendS- ACE-FTS Vs- Ozonesondes 10— N s e 0.4 = ® Each sink-corrected time %: 9 <CED
a < 2 : : : 32
a) enan D) gven C)  ewen ) sven @) aweny E sl 02 §  series was fitted with e =
wr g aralol wis i) st e « Comparisons made with balloon- $ .l mE 00 & regression model :
NY-ALESUND (N) SCORESBYSUND (H) __EDMONTON (H) __PRAGUE (W) MADRID (W) EI by E .
sl | —SODANKYLA (1) | 40 :fsggivigw) ~ 40:3255255(%5»135% N ] o :\E/svatdtgﬁzr;vgmms) : n Z0Nn N N r fr m = B ; . . o v
DEBILTW) 1 borne ozoneso de Sensors O R LR i 0'25 e Crosses indicate where p S
— ————— — = = more than 40 stations worldwide MRS 2005 20 0aF £ 2
= =y IS = 5 I S = el I = Z A _ _ © | the ACE-FTS 2005-2012 : -
T — = e to look at bias and drift 201w, .. d MIPAS 2005-2012 p =
.3 15 W xo cooan - -2°
SRS 17 %ﬁ = R === =) B Calculated monthly mean time ol | | | 0.8 trends are within 2-o 3 — _ -4§
ot | e e e —eos - Serles using each ozonesonde 0 Lattudelr] "% o s s o s s o 50
= lee - s - = Y— station and corresponding v5.2 For more see: Saunders et al., ACP, 25, 4185-4209 (2025). Latitude [°]
Gy Gy G, Qe Qs AGE-FTS measurements made
(ACE-Sonde) [%/dec] (ACE-Sonde) [%/dec] (ACE-Sonde) [%/dec] (ACE-Sonde) [%/dec] (ACE-Sonde) [%/dec] . .
| | within =5° lat. and =30° lon. of
Do omea Q) eqes M) esess ) wsss ) esns each station
__HANOI (S) __NAIROBI (S) __ASCENSION () __BROADMEADQWS (W) __MARAMBIO (W| u u u
£ =Rl | e iy | Quantifying Sources of Stratospheric H,0 Trends
PARAMARIBO [S) IRENE (S) USHUAIA (W) SYOWA (W 2
o= N | wf | wf | s aamoita |« After de-seasonalizing each time
— | - o e B R series, calculated trend in ACE-FTS measurements from 2004 to 2022 show an increase in water vapour of 1 %—5 % per decade throughout nearly all of
E”| 45* L RN :tg [ = w;’ ,I .ﬁ ? difference between two time the stratosphere, using multiple linear regression and comparing to a “full” trend that only fit annual and semi-annual cycles
N o g i%;\ = e =0 series to provide drift in %/dec » BDC changes accounted for using ACE-FTS N,O H20,.: F10.7, N20, Tlag, CHdlag Difference .
e ] e — s ) e . time series with surface trend removed (for QBO, N 3 ' . |
P e | 0| _— o ne=————t w5 * Results derived are shown for ENSO, tropopause pressure) ol i oo
T T | = each station and averaged by ! 4
SRS SIELIIE SIS SUELIIE S WAL latitude band. Dotted biue line * Both CH, and tropopause temperatures were & 2
a) N. Polar b) N Mig-lat C) Tropics d) s Midlat e) S. Polar shows average tropopause Iagged to account for transport in the Stratosphere T 40 40 40 ' {8\
D0 [T | RRLLRLALA] Bt [REERLLLEY) H) ey [ETTITIT TYTETETTY LARELLLLL 10 ] KELELLELY | BLLERLRLEY LLLE L2 LE 0 [LLALRLEL) 50 [Ty | ESILLEE L] LA LY D0 [rrErErY | PR S ELELLAER, | plataiiee) . . . v :
height from sonde temp. profiles « Solar cycle influence was less than +0.5% dec-? ] 5 e
40l 1 40} 1 a0l 1 a0} 1 40} . . . . . . . . g35 35 35— =
’ ’ ] T ’  — » Small non-significant drifts are * Most significant contribution is increasing tropical = | g
_u f ? . 2? . ; . 5% found between ACE-FTS and tropopause temperatures (+1-4% dec' depending ¥ . OF 8 12~
g + 4* | :7:: ozonesondes of less than *=1— on region), followed BDC changes (+1-2% dec), 25 95 250
S B U I I TS T B T S 53 ‘ 3%/dec across all latitude bands and then increasing CH, oxidation (+1-2% dec™") | )
= - e — — = _ _ 20 20 20 |
~§) ; 3% of | ufzo- % -—1 o----=x:--1  For more see: Zou et al., AMT,  Explains all but ~1 %—-2 % dec' trend in NH and SH @) - < b 6
oo . oo e - . 17, 6983-7005, (2024). mid-latitude mid-stratosphere (middle panel) 00 =30 030 60 00 'f;)muge (OZ‘; o0
-20 ,6:10- onoe %1(;C 20 -20 -1%_ onoe %120 20 -20 -10_ onoe %Kéc 20 -20 —10_ onoe %1(()30 20 -20 —10_ onoe %ﬂéc 20 o _ . . '
e A A A e On-going record is needed to unravel these trends! For more see: Sheese et al., ACP, 25, 5199-5213 (2025).
ACE-MAESTRO v4.5 Comparisons Assessing N,O, CFC-11, CFC-12, and SF;: ESA LOLIPOP CCI+
R B ) R B oot ieean  Comparisons shown for v4.5 LOng-LIved greenhouse gas PrOducts Performances Distributions of global coincident ~ ACE-FTS v5.2 CFC-11 Comparisons
o MAESTRE[) V";’ Ighabnnel OCT,O”e » CCl+ activity to survey and assess currently available meisgrle.mints gor?pare_d ASING e f
50 50 — amsi versus suite ot imb sounding satellite measurements of “other” long-lived greenhouse probability density functions S ooy
8 a0 | — AErswe: g a0 — Saceiss. satellite instruments gases (aside from C02 and CH4) « ACE-FTS v5.2 shown in colours fzzzz j
% 30 - — % 30 - o ; % 0:004— | | l
" |E e g/'OeE” dlrfirze;g:/es betvxreendZO_?hnd . Global bias results ACE-FTS v5.2 N,O Bias Summary  * For CFC-11, see variation of ey S
=i m Of o °_\F"ée£eo/ our:j with a summarized for each & % & & % & G & o % agreement in height and width
o= | a | | ol — s . | | range O_ 9~ TO.£70 ah dataset by altitude, S B M OR OB R RS SR & of distributions . '
Absalute ai: o) Absalute ai: o) correlations (not shown) of greater g _ o
50 Vis. O3 SR comparison: Relative difference 50 Vis. O3 SS comparison: Relative difference than 070 from 15_40 km Season an &5 ok 4o dsw Siw Lew  2ie o oow ams o ([ ¢ AC E'F S SF6 ShOWS pOSItIVG gzzzi
P FEE s _— | comparison dataset ool TR OM B M oS oA A bias at higher altitudes in shift gomed |
T — N —— « Ozone comparisons for UV . Results for ACE-FTS [
o et N ———————= - channel show mean agreement ¢ o o mm e e %« Mean (solid) il | | \
E oSS E oSt T o V52 NZO Shown here J 0 : . 0 200 w0 o 400 200 400
2 40 scANACHY i scmschy within +3.4% from 20 to 45 km O R T R R M- N N and median |
E s E s . £ ? ACE-FTS v5.2 and MIPAS IMK SFg Comparisons
< 30 - ot < 30 - e . - . - - LargeSt dl erences 6.8 2.4 -1.5 5.7 0.7 -1.8 2.1 2.6 -6.3 -0.1 [0 (daShed) 0.7 ] T
EEEEEEE:%ZM EEEEE;::::‘;;M ) COInCIdent paIrS fou nd Wlthln 8 Seen With MLS V5 'ﬁsé{\- 59%  -33% -2.1% -7.6%  1.1% 2.0% -2.9% -3.6% -9.3% -0.2% h f FO:; os
0y E——— | hours and 1000 km. Weighted across all Seasons PR NN A A T S O\;]vnltard Sos: fon
ob— L1 L 1 e s el e il i mean of differences shown in thick o h BB S B4 eag datl . ?
black dash-dot line. ” anddata set. 4. _ -
For more see: Jeffery et al., AMT, 18, 569-602 (2025) See poster in A.05.02 on Thurs. 26 June for more on LOLIPOP! LRI LI O I
Acknowledgements

This work was funded by the Canadian Space Agency (CSA) and the Natural Sciences and Engineering Research Council of Canada. The Atmospheric Chemistry Experiment (ACE), also known as SCISAT, is a Canadian-led mission mainly supported by the CSA and NSERC.
We thank Gabriele Stiller and Thomas von Clarmann for their significant contribution to this work. We thank Piera Raspollini, Bart Dils, and the LOLIPOP team for their on-going collaboration. We thank the many satellite instrument and data retrieval teams for the provision of
data and advice, as well as their funding agencies. We thank the NDACC, SHADOZ, and WMO/GAW Pls and communities for making their ozonesonde data available for use in our validation studies. We also thank Peter Bernath for his leadership of the ACE mission.



	Slide 1

