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Fig. ES'. Map of the ATom flight tracks in relation to flights conducted in previous relevant airborne cam-
paigns. The missions shown in aqua are part of the NASA Global Tropospheric Experiment (GTE) series.
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Fig. ES2. Cumulative flight time for each research flight, subdivided by time spent within the boundary layer, boundary
layer to 500-mb pressure altitude, 500 mb to the tropopause, and the stratosphere. The white trace indicates the total
number of vertical profiles performed for each research flight.
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Fig. ES3. Total flight time for each research flight of the four ATom deployments, colored by solar zenith angle. The bars
are oriented such that the bottom of the bar (time 0) is the aircraft takeoff time and the top of the bar is the aircraft
landing time for each flight.
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Fig. ES4. The 20-yr historical trend of the multivariate El Nifio—Southern Oscillation index with the time periods of the
four ATom deployments noted.
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Fig. ES5. Maps of monthly average aerosol optical depth (AOD) and monthly aggregated fires during the four ATom
deployments. AOD and fire location data are based on observations from the MODIS instrument on board NASA's Terra
satellite. The ATom flight tracks are indicated by the black traces.

AMERICAN METEOROLOGICAL SOCIETY BAMS MARCH 2022 E6



ATom-1 (August 2016)

1920

1880

CH,, ppbv

1840

1800

ATom-2 (February 2017)

17)

ATom-3 (October 20

200 e

2150 {,\"'\)
\,'b

ATom-4 (May 2018)

1920

1880

CH,, ppbv

1840

1800

-80

Fig. ES6. Curtain plots showing CH, for all four deployments interpolated from measurements collected along the ATom-1,
-2, -3, and -4 flight tracks.
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Fig. ES7. Curtain plots showing O, for all four deployments interpolated from measurements collected along the ATom-1,
-2, -3, and -4 flight tracks. Note that O, mixing ratio is shown on a log scale.
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Fig. ES8. Curtain plots showing BC for all four deployments interpolated from measurements collected along the ATom-1,
-2, -3, and -4 flight tracks. Note that BC mass is shown on a log scale.
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Table ES1. Summary of previous airborne missions relevant to ATom.

Expedition Date Location Platform
CITE-1B Nov 1983 Hawaii NASA DC-8
ABLE-3A Jul 1988 Alaska NASA DC-8
CITE-3 Aug 1989 Atlantic, Virginia, and Brazil NASA DC-8
ABLE-3B Jul 1990 Canada NASA DC-8
PEM-West A Oct 1991 Western Pacific NASA DC-8
TRACE-A Sep 1992 Brazil, South Atlantic, southwestern Africa NASA DC-8
PEM-West B Feb 1994 Western Pacific NASA DC-8
PEM-Tropics A Aug 1996 Tropical Pacific NASA DC-8
PEM-Tropics B Mar 1999 Tropical Pacific NASA DC-8
TRACE-P Feb 2001 Western Pacific NASA DC-8
INTEX-B/Part Il Apr 2006 Central Pacific NASA DC-8
HIPPO 1 Jan 2009 Pole-to-pole Pacific basin NCAR/NSF GV
HIPPO 2 Nov 2009 Pole-to-pole Pacific basin NCAR/NSF GV
HIPPO 3 Mar—Apr 2010 Pole-to-pole Pacific basin NCAR/NSF GV
HIPPO 4 Jun—Jul 201 Pole-to-pole Pacific basin NCAR/NSF GV
HIPPO 5 Aug-Sep 2011 Pole-to-pole Pacific basin NCAR/NSF GV
ORCAS Jan—Feb 2016 Southern Ocean, Drake Passage NCAR/NSF GV
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Table ES2. Individual flight details for the ATom research flights. Dates are shown in MM/DD/YY format; times are shown in
HH:MM format.

Takeoff Landing Cumulative

Flight date and date and | Distance | distance Latitude | Longitude Altitude No. of
No. Location time (UTC) | time (UTC) (km) (km) range range range (km) | profiles
ATom-1

1 e | s | gase | oo | e | GEQ | e | otes-27 | e
2 Palmdale-Anchorage | 5010 | 03216 | 7498 14410 | 3385010 | B0 gomans | 10
3 Anchorage—Kona 0810 | 08 | ss7 19467 | st | O8I0 one132 | 12
4 Kona—-Pago Pago 081’%’716 03’20;26 6,309 25,776 "Téf‘%ito "1_1‘;'60.%0550 0.171-12.0 18
5 Pago Pago~Christchurch | 030510 | 08316 4 7g1 30557 | Tl | 0D | oase-ne | 12
c | O | o | B | | | SRR o |
7 Punta Arelzgsn—dAscension 0?/(;:52/816 081/;:55/116 7,213 45,577 —5_37.?787"0t0 —Z?49§;;ro 0.169-12.6 16
8 Ascension Island—Lajes 0%%’16 O?Q;’g‘s 6,123 51,700 "53399;;}0 ‘31'43.32? 0.171-12.9 16
9 Lajes—Kangerlussuaq | C0a0l0 | 032016700 sgoo2 | o7l | 8688 10 1 0166121 16
o | S| e RmG | s | o | SES | BEE e | o
1 Minneapolis—Palmdale 081’52:3’516 0%23/86 3,116 65,887 32f§;§° "1_1;33'1?;0 0.389-12.8 8
ATom-2

[ | e | [ O [ | e | e | R osens |
2 Palmdale-Anchorage | 1207 | O30T egge | sose3 | P05l | TRIEEIO | g0as6-113 | 16
3 Anchorage—Kona | %27 | s 86511 | 230 | 128010 | 00460106 | 16
4 Kona—Nadi T T qom 93585 | ool t0 | 1880 o150 | 1a
5 Nadi—Christchurch ONT | N1 easo | gggss | 000t | TN gqa7023 | 1a
C | O | o | W | ey | e | GEE S vew | o
7 Punta Arelr;gsr;jAscension 021/11:3/117 022/01%/117 7,208 114,897 —5_37.97%?0 —1(1)4931; (Eo 0167-12.6 8
8 Ascension Island-Lajes 0%/;55/117 021/713/917 6,365 121,262 —gg)g:oto _3?44;1;[0 0.164-11.9 16
9 Lajes-Thule QNSNT | A8 spo0 | 12eaea | FBIBL0 | TBITRNO | ga3960 | 14
10 Thule-Anchorage GRS RO gpsa | asmg | O | TP o507 | 12
1" Anchorage-Palmdale | O22U1 | Q22U 469 | g3y | 383t |00t g g5 100 | 10
ATom-3

C | g | om0 [ | e | e | 350 | et omns | o
2 Palmdale-Anchorage | 900’ | 199217 soap | 1sogss | 390000 | RIS g 0009120 | 14
3 Anchorage—Kona OOMIT | TOOIT 5003 | 1senas | oo R | TO2BCI foomsrne | 12
4 Kona—Nadi 10007 1007 ees3 | teze3 | TR t0 | TR0 471026 | 16
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Table ES2. Continued.

5 Nadi—Christchurch 1087 | 10T 6529 169,360 | o7l | TSI 0154122 18
L om0 WED | mam | S0 95 e |
;| P | | WM | s | R | e o |
8 Punta Arelrggsn—dAscension 1(())/91:75/;7 1?/3:72/;7 7,421 192,414 —5_37.9705‘?0 —3(1)49;12;[0 0173-13.2 12
;| e | o | WS e | e | 2800 B omas | s
10 Cabo Verde—Lajes RN e | sas2 | 200812 | gt | 2TV | ones-24 |12
1 Lajes—Bangor 1%’5:33’317 1‘1’;35’;7 6,729 207,541 3%75.5}0 "f?é?}m 0.155-12.6 20
12 Bangor—Anchorage 1‘1’42:3’217 1%’32:53/617 7,011 214,552 4;‘5;;}" —1_5;.7972250 0.0687-12.3 | 16
13 Anchorage-paimdale | G2n)” | V2T | 4356 | 2190 | %R0 | RO | 168125 | 14
ATom-4

1 Palmdale—ggltgator—Palm- 0%221/51 8 0%/53/518 7321 226,229 33.2.37";00 —1_2111772;;[0 0.166-12.4 10
2 Palmdale—Anchorage 0‘:’62:3’318 0%/22:’;’318 7,254 233,483 3‘7"26.2,’150 _1_%384“’ 0.0444-11.4 | 14
3 Anchorage—Kona 0418 | 008 | 54 | 2300 | 03l | 10BN g 0207 | 12
4 Kona-Nadi 051/;”5’518 0%’30%/61 8 | 557 244,472 ‘1179'?75;“ ‘1_51%67 g;}o 0.165-12.4 14
5 Nadi—Christchurch 0000378 | VI | so3s | aagser | THOBt0 | TBOSTIO 0163120 | 16
o | e | oen | G| | e | S0 S| |
;| P | o [ om0 |00 | o | Sge | TR | onine | o
8 Punta Arenas—Recife 051’11:22’818 052’11:22/618 7,237 272,507 ‘5_36'(_)90;0t° ‘1269 g;? 0.160-12.2 16
9 Recife—Lajes Ofans | BnIE | e 9132 | TSI | A0 0471128 16
10 Lajes—Kangerlussuaq 03’91:72/;8 0?’91:6/918 7323 286,455 33'57;2(? ‘fffj;oto 0.159-11.2 12

Kangerlussuag—Bangor 05/18/18 05/18/18
ferry flight 12:21 15:32
1 Bangor—Anchorage 51’11%128 5(’)%)03/,198 7,441 293,896 4;"27_;°4§° ‘1_52;53;0 0.165-12.1 14
12 Anchorage-palmdale | 0321118 | 0521118 7909 301005 | p3le | TR0 0476123 12
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Table ES3. Total flight time of the individual research flights and the percentage of each flight spent within the four altitude
layers noted in Fig. ES4: marine boundary layer (MBL), MBL to 500-mb pressure altitude, 500 mb to the tropopause, and

stratosphere.
Flight Flight Time Time Time Time
No. Location time (min) MBL (%) | MBL-500 mb (%) | 500 mb-tropopause (%) | stratosphere (%)
ATom-1
1 Palmdale—equator—Palmdale 563 9.4 295 61.1 0.0
2 Palmdale—Anchorage 618 4.7 17.6 67.5 10.4
3 Anchorage—Kona 441 6.1 315 59.9 2.5
4 Kona—American Samoa 526 15.4 32.7 51.9 0.0
5 American Samoa—Christchurch 402 10.7 33.8 37.3 18.2
6 Christchurch—Punta Arenas 651 9.5 24.1 48.8 17.5
7 Punta Arenas—Ascension Island 570 14.4 235 53.2 8.9
8 Ascension Island—Lajes 520 11.9 32.7 55.4 0.0
9 Lajes—Kangerlussuaq 596 4.7 28.2 51.3 15.8
10 Kangerlussuag—Minneapolis 361 10.5 34.6 42.7 12.2
" Minneapolis—Palmdale 298 8.4 31.5 60.1 0.0
ATom-2
1 Palmdale—equator—Palmdale 631 8.2 16.5 69.3 4.4
2 Palmdale—Anchorage 594 5.1 28.8 36.4 27.8
3 Anchorage—Kona 498 14.1 35.3 50.6 0.0
4 Kona—Fiji 574 11.0 233 65.7 0.0
5 Fiji—Christchurch 520 10.6 24.0 52.7 12.7
6 Christchurch—Punta Arenas 600 7.3 18.8 37.8 36.0
7 Punta Arenas—Ascension Island 555 9.7 14.6 75.7 0.0
8 Ascension Island—Lajes 533 13.5 27.0 59.5 0.0
9 Lajes—Thule 459 2.2 33.3 51.0 10.9
10 Thule—Anchorage 473 4.2 42.9 15.4 37.4
" Anchorage—Palmdale 368 15.5 25.5 26.9 321
ATom-3
1 Palmdale—equator—Palmdale 626 6.2 16.9 76.8 0.0
2 Palmdale—Anchorage 615 7.2 28.5 57.1 1.3
3 Anchorage—Kona 450 14.0 26.7 59.3 0.0
4 Kona—Fiji 541 12.9 27.4 59.7 0.0
5 Fiji—Christchurch 557 10.4 28.0 51.3 10.2
6 Christchurch—Punta Arenas 600 8.8 24.2 325 34.5
7 Punta Arenas—Antarctica—Punta Arenas 649 1.7 19.9 66.9 5.5
8 Punta Arenas—Ascension Island 576 8.7 20.0 71.0 0.3
9 Ascension Island—Cabo Verde 282 14.5 30.9 54.6 0.0
10 Cabo Verde-Lajes 469 19.4 24.7 55.9 0.0
" Lajes—Bangor 573 13.1 349 52.0 0.0
12 Bangor—Anchorage 585 5.1 35.0 35.2 24.6
13 Anchorage—Palmdale 396 11.6 35.4 53.0 0.0
ATom-4
1 Palmdale—equator—Palmdale 570 6.1 18.6 75.3 0.0
2 Palmdale—Anchorage 620 6.9 31.9 34.8 26.3
3 Anchorage—Kona 487 10.5 34.5 55.0 0.0
4 Kona—Fiji 491 14.5 30.8 54.8 0.0
5 Fiji—Christchurch 473 12.3 35.7 45.0 7.0
6 Christchurch—Punta Arenas 608 6.3 27.5 33.7 32.6
7 Punta Arenas—Antarctica—Punta Arenas 644 3.7 26.1 22.8 48.3
8 Punta Arenas—Recife 598 10.9 28.3 54.8 6.0
9 Recife—Lajes 564 9.0 30. 57.6 2.5
10 Lajes—Kangerlussuaq 581 4.8 25.6 41.7 279
" Bangor—Anchorage 637 1.7 25.4 39.1 27.8
12 Anchorage—Palmdale 410 9. 38.5 38.5 13.4
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Table ES4. List of published articles to date using data collected from the ATom mission.

Publications to date using ATom data

Anderson, D., et al. (2021), Spatial and temporal variability in the hydroxy (OH) radical: understanding the role of large-
scale climate features and their influence on OH through its dynamical and photochemical drivers, Atmos. Chem. Phys.,
21, 6481-6508, doi:10.5194/acp-21-6481-2021.

Asher, E., et al. (2019), Novel approaches to improve estimates of short-lived halocarbon emissions during summer from
the Southern Ocean using airborne observations, Atmos. Chem. Phys., 19, 14071-14090, doi:10.5194/acp-19-14071-2019.

Bates, K. H., et al. (2021), The Global Budget of Atmospheric Methanol: New Constraints on Secondary, Oceanic, and Ter-
restrial Sources, J. Geophys. Res., 126, doi:10.1029/2020JD033439.

Bian, H., et al. (2019), Observationally constrained analysis of sea salt aerosol in the marine atmosphere, Atmos. Chem.
Phys., 19, 10773-10785, doi:10.5194/acp-2019-18.

Birner, B., et al. (2020), Gravitational separation of Ar/N2 and age of air in the lowermost stratosphere in airborne obser-
vations and a chemical transport model, Atmos. Chem. Phys., doi:10.5194/acp-2020-95.

Bourgeois, 1., et al. (2020), Global-scale distribution of ozone in the remote troposphere from ATom and HIPPO airborne
field missions., Atmos. Chem. Phys., doi:10.5194/acp-2020-315.

Brewer, J., et al. (2020), Evidence for an Oceanic Source of Methyl Ethyl Ketone to the Atmosphere, J. Geophys. Res.,
60273, Article, doi:10.1029/2019GL086045.

Brock, C., et al. (2019), Aerosol size distributions during the Atmospheric Tomography Mission (ATom): methods, uncer-
tainties, and data products, Atmos. Meas. Tech., 12, 3081-3099, doi:10.5194/amt-12-3081-2019.

Brock, C., et al. (2021), Ambient aerosol properties in the remote atmosphere from global scale in situ measurements,
Atmos. Chem. Phys., doi:10.5194/acp-2021-173.

Brune, W. H., et al. (2020), Exploring Oxidation in the Remote Free Troposphere: Insights From Atmospheric Tomography
(ATom), J. Geophys. Res., 125, doi:10.1029/2019JD031685.

Chen, X., et al. (2019), On the sources and sinks of atmospheric VOCs: an integrated analysis of recent aircraft campaigns
over North America, Atmos. Chem. Phys., 19, 9097-9123, doi:10.5194/acp-19-9097-2019.

Chen, X., et al. (2021), HCOOH in the remote atmosphere: Constraints from Atmospheric Tomography (ATom) 1 airborne
observations, ACS Earth and Space Chem., doi:10.1021/acsearthspacechem.1c00049.

Chen, Z., et al. (2021), Five years of variability in the global carbon cycle: comparing an estimate from the Orbiting Carbon
Observatory-2 and process-based models, Environ. Res. Lett., 16, doi:10.1088/1748-9326/abfac].

Chen, Z., et al. (2021), Linking global terrestrial CO2 fluxes and environmental drivers: inferences from the Orbiting
Carbon Observatory-2 satellite and terrestrial biospheric models, Atmos. Chem. Phys., 21, 6663—6680, doi:10.5194/acp-
21-6663-2021.

Chevallier, F., et al. (2019), Objective evaluation of surface- and satellite-driven carbon dioxide atmospheric inversions,
Atmos. Chem. Phys., 19, 14233-14251, doi:10.5194/acp-19-14233-2019.

Crowell, S., et al. (2019), The 2015-2016 carbon cycle as seen from 0CO-2 and the global in situ network, Atmos. Chem.
Phys., 19, 9797-9831, doi:10.5194/acp-19-9797-2019.

Deeter, M., et al. (2019), Radiance-based retrieval bias mitigation for the MOPITT instrument: the version 8 product,
Atmos. Meas. Tech., 12, 4561-4580, doi:10.5194/amt-12-4561-2019.

DeMott, P. J., et al. (2021), Machine learning uncovers aerosol size information from chemistry and meteorology to quan-
tify potential cloud-forming particles.
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