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ATom-4 RFO1 Log, Prather (2018-04-24)

ATom-4 RF01 the Palmdale to Equator route began the last scheduled ATom
deployment. Wheels up at 14:44:57. Climb out and ascent to FL300 was smooth.
After takeoff O3 ~57, NOy~0.5, CO ~108, HCHO ~400, CO2 ~414. Here is my log of
the flight with the timeline of UTC down the left. | have tried to highlight, some with
figures, the interesting features of the air masses we sample. | briefly started doing my
own analysis of scatter plots and correlations, but then started missing some of the
interesting air masses and so resorted to a focused following using mainly the standard
time series and parameter tables. The altitude estimates here are just from a quick
eyeball at the running tables and so have a bit of uncertainty. The time logs are usually
to the nearest minute. The aircraft data system worked flawlessly and well, except for
the lack of viewing of the nadir camera.

Summary. This was an excellent flight mechanically. All the instruments ran at 100%

or, in one worst case, 90% of the time. The flight showed a large number of different air
masses. I n most cases these air masses were
typically 1-3+ min in extent (40 i 120+ km) and thus are the type of chemical granularity

that can and should be simulated by the new generation of 3D chemistry-transport

models. We came across such variability on level flight and during vertical ascent.

Several times it was clear that some layers were extensive and seen in more than one

dip or in the flight out (FL300) and the return (FL 390). Some of the patterns had not be
obviously identified before (as noted by the investigators at the time). This log is

extensive and long because therewer e s o many OWeewthrodgleaat ur es .
number of interesting air masses and air-mass boundaries. It is often the boundaries

that have the most surprising mix (e.g., in the ATom-2 ANC-KOA route we saw the

wrap-around of very dry descending sub-tropical air (RHW <5%) with wet polluted Asian

0 m). ¥wWo big items are noted here, see the log for more details.
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1. 1601 UTC. One most interesting, exotic large-scale chemical feature was the air
mass that looked like polluted Asian air, traveling rapidly along and immediately
underneath the jet stream and containing 20-30% stratospheric air that was shredded
from the stratosphere where the jet turns. There may be another explanation for this
very large, repeatable air mass that defies other well known tracer correlation patterns.

2. 1855 UTC. The first (southernmost) dip found unusual layering that was horizontally
extensive. Some features extended to the 2" dip and others to the 3'. First, at about
12 kft we pass through a thin layer (~500 ft) with large, opposite shifts and CO2 and
CH4. Then clear air, and then we hit a very polluted layer at 5 kft extending down to the
surface. With repeated dips the first layer was seen to extend only a few hundred km
but the pollution was over almost a thousand km i the GSFC forecast showed such a
large extensive plume from Mexico. With farther north dips the pollution above and
below the boundary split with a very thin, odd-O3 layer intervening. Also with more
active marine cumulus and mixing in the northern dip, the pollution above remained, but
the MBL looked scrubbed.

Log 1504 (UTC)
Climbing through FL~290, turbulence, spikes in NOy (16 ppb?), particle lodine,
NOx, SP2,0A+nitrate, but O3 dropping along with CO2 (-2 ppm), CH4 (-80 ppb),
N20 (-1 ppb) [did not catch H2O].
Possible boundary between NMidLat air and SubTropical. Emphasizes
latitudinal gradients, but where did the spikes come from?

1514
hit cirrus at FL300 i stayed at this alt through much of southward trip

1520 - 1523
Turbulence at start, O3 jumps 48 to 75. For 1515-1520 very big OA, nitrate,
SP2. Then drops back.
Possible a slug of NMidLat air wrapped by SubTrop

1530 FL300, reach GUAPO, turn south.

1531-1535
O3 pops up briefly (40 to 50 ppb), RHw drops 38% to 28%
Possible higher altitude descent

1537
CO2, CH4, CO pop up, O3 from 40 to 55 ppb, RHw 25% (dry) and large amounts
of OA, nitrate, SP2
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1541-1542
VERY very clean, no particles, scavenged, H20 drops 300 to 200 ppm
Very clean convective outflow?

1547-1550
H20 increasing 150 to 350 ppm, O3 rock steady at 52. Chemistry seems
constant. Must be differential dehydration in the air-mass ascent stage.

1553
O3 spike 40 to 70, particles drop! H20 smooth but very wet, RHi = 90-100+% at
500 ppm. CO2&CH4 look NMidLat.
SubTrop ascending air?

1601
O3 jumps from ~50 to ~80, H20 drops 450 to 200. Still far from strat air but
begin to see evidence of STE flux.

1607-
Turbulence at 1607! O3 jumps to 120 ppb, eventually reaching 140. H20 low,
RHw ~ 10%

1616
Rapid drop in O3 to 70, rising to 80-90. Turbulence (mild) RHw <10%, no
particles.
? CO2&CH4 show more NMidLat. Possible Asian outflow wrapped around the
strat folds being mixed in along the jet.

1630
Still very dry, but not really stratospheric.

1632
Turbulence. No change in chemistry 1 jet shear?

1639
Still large homogeneous descending air mass

1648
Start climb to FL330. O3 drops from 85 to 50! RHw jumps to 60% (100 to 400
ppm). Convective outflow on top of descending air at FL300?

1653
Reach 20N, O3 drops to 30 ! totally scavenged, no particles, Clean, nearly
? ITCZoutflow.
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2324
232.2

1658
Jack 06s ifasteaithr MMS enaneuver i check the 200 ft jump in altitude
sanas Pressure Altitude (K, Ieft), SAL (r, rignt) e
33150 1233.6 3
2334
33100 12332 2
33050 2330 1
33000 2328 ,
232.6
32950 C
C

32900

16:53 16:56 16:59 17:02 17:05

Very long stretch of low O3, fairly wet, highly scavenged air (no SP2, OA,
nitrate), CO drops 780 66.
Broad convective outflow from tropical BL air.

Ozone (k, left), NOy (r, right) —

10.30
10.25
1{0.20

WMl 0.15

0.10

1713-1728
Extensive low O3 (18-20 ppb) persists, H20 ~ 24% RHW, 200 ppm, all particles
scavenged, HCHO level at 80-100 ppt.

174371 still scavenged, O3 up to 26 ppb

17481 H20 rises steadily, from 150 to 500 (1754), now RHi > 100%, but drops back by

175571 did we catch a whiff of cirrus based on RHi? 7 Yes

1810-1814 71 climb to FL350
no big changes, O3=22 (drops 1 ppb), RHwW=26%, H20=140 ppm, CO=79.

1823-1837
Encounter a mix of different air masses (subtle but clear) as we approach 7N
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Ozone (k, left), NOy (r, right) 0.26
235 024

23.0 0.22
225 0.20
22.0 0.18
215 0.16
21.0 0.14
20.5 0.12
20.0 0.10
195 0.08
18:23 18:25 18:28 18:31 18:34

CO2 (k, left), CH4 (r, right)

1876
1874
\ 1872

1870
1.868
1.866
1.864
1.862
1.860
1.858

18:23 18:25 18:28 18:31 18:34
OA (g, right), NO3, Chl, SO4 (b, m, r, left)

Start with NH tropics (from CO2&CH4) and then pick up more SH tropics, then back to
even more northern NH tropics, see effective gradient in O3 with CO2&CH4. Will we
find it in MBL when we descend.

Quantum effect of BC particles from SP2:

one particle, €.0
SP2 (k, left), HSP2 (r, right)

0.5 0.06
04} 0.04
03l 0.02
0.00
0.2}
-0.02
0.0 —0.06
18:43 18:46 18:48 18:51 18:54
1854
Start descent to the deck at ~5N, will get halfway down at 3N (Oakland limit), turn
at mid level and continue to the deck.
1855-1859

O3 increases from 25 to 37, drops back to 25 and then 22. Mid-level (FL200)
has slug of sub-tropical air between upper and lower

1907 FL140 turn back to north at 3 336 N

1909
SP2 and others start rapid linear rise



1916
ATom-4 on the deck at 510 ft, 121 W, 3d e ¢

1921 up to FL 36
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5 @3 down to 5 ppb.

Note the possible Mexican BB plume is throughout the MBL

CO2 (k, left), CH4 (r, right)

4115 1.91
1.90
1.89
1.88
1.87
1.86
1.85
1.84
407.5 . . . . 1.83
19:09 19:12 19:14 19:17 19:20
i OA (g, right), NO3, Chl, SO4 (b, m, r, left) 5§
14} -
1.2} 14
10} 15
08}
06 11.0
0.4 0.5
0.2
0.0 ; 0.0
19:09 19:12 19:14 19:17 19:20
oE §P2 (k, left), ﬁSPZ (r, I’IghF) PEe
20} {0.0a
0.
i 02
0.00
10
-0.02
5¢ -0.04
0 —-0.06

19:09 19:12 19:14 19:17 19:20

Note the aerosol spikes occur as we cross the top of the MBL

Pressure Altitude (k, left), SAT (r, right)

10000 — 302

300

8000 | 208

6000 | 296

{294

4000 202

2000} 290

288

ol . n n . 1286
19:12 19:14 19:17 19:20 19:23 19:26

Same funny spike in CO2 and CH4 on way out as during funny turn on way down



ft), N20 (r, right)
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CO2 (k, left), CH4 (r, right)

320 4110 1.90
;:2 4105 189
a10.0 1es
314
187
312 4095 Les
310 :
08 1020 185
306 4085 184
304 408.0 183
19:23 1926 19:29 19:1a 19:17 19:20 19:23 1926 19:29
ft), HCHO (r, right) OA (g, right), NO3, Chl, SO4 (b, m, r, left)
800 16 10
700
600
500
400
300
200
100 )
19:23 1926 19:20 i9:1a 19:17 1920 19:23 1926 19:29
le (k, left), SAT (r, right) 105 25 SP2 (k, left), HSP2 (r, right) 006
300 a9 0.04
295 0.02
15
290 0.00
10
285 -0.02
280 5 -0.04
275 0 -0.06
19:23 1926 19:20 19:14 19:17 19:20 19:23 19:26 19:20

1943

Under cirrus, fluctuations in light field obvious on wing. J-NO2 nadir varies hardly
at all (0.005 to 0.003 slowly), but J-NO2 zenith ranges on a 1sec basis from

0.0095 to 0.0125 /s.

1937-1945 reach FL 350 at end.

40000
30000
20000

10000

0
14

in cirrus (1937-1941), RHi consistently 100% up to 113%

during climb O3 = 34 ppb, but in cirrus, it is 26 ppb
RHi ~100% continues to 1950. SP2 down to single particles.
CO2&CH4 increase as we climb from mFL260 to FL350 (?7?)

Altituae rroriie

vzone (K, I1eTt), NLy (r, rngng)

45 15:45 16:45 17:45 18:45 19.45 20:45 21.45 22:45 23:45 00:45 02:00 19:37 19:40 19:43 19.46 19:49
CO (k, left), N20O (r, right) 1 a2 CO2 (k, left), CH4 (r, right) 187
310 4110
LRl W‘"’"“"‘W 300 4108 187
308 410.6 186
4104
307 02 A™ 186
306 4100 M 185
305 4098
304 4096 185
19:37 19:40 19:43 19:46 19:49 19:37 19:40 19:43 19:46 19:49
H20 (k, left), HCHO (r, right) 300 038 OA (g, right), NO3, Chi, SO4 (b, m, r, left) a6

250
200
150

/{100

=50

19:37 19:40 19:43 19:46 19:49

Pressure Altitude (k, left), SAT (r, right)

255

SP2 (k, left), HSP2 (r, right)

\

<.

e

o P

19:37 19:40 19:43 19:46 19:49

250
245
240
235
230
225

19:37

19:40

19:43 19:46 19:49

1956 start descent to deck, 8d18 N from FL350



2012
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CO2-CH4 hiccup (anti-corr) occurs again at FL120 about, just above the rapid

rise in SP2, OA, nitrate.

20207 on the deck 2025 ascend, 10d55m N

Ozone (k, left), NOy (r, right)

22
20
18
16
14
12
10
20:12 20:15 20:18 20:21 20:24
a8 CO2 (k, left), CH4 (r, right)

20:12 20:15 20:18 20:21 20:24

CO is very high within MBL BB region (110 ppb) then drops to 70 aloft as we

CO2 & CH4 drop likewise and remain tightly correlated in the different layers we

60
20:26 20:29 20:32 20:35 20:38

TEmA sil B_Eh iR S T ban

315
314
313
312
311
310
309
308

012 20:15 2018 20:21 2024
45 SP2 (k, left), HSP2 (r, right) 0.06
gg 0.04
30 0.02
gg 0.00
15 -0.02
lg -0.04
0 -0.06
20:12 20:15 20:18 20:21 20:24
2033
No obvious CH4-CO2 hiccup on the way up at FL120 as before.
climb out.
climb through.
120 CO (k, left), N20O (r, right)
110
100
90
80
70 b
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CO2 (k, left), CH4 (r, right)

413.0 1.895
a1z 1985
2.0 1.880
4115 1.875
411.0 1.870
1.865
4105 1.860
410.0 Tass
409.5 1.850
20:26 20:29 20:32 20:35 20:38
B2 OA (g, right), NO3, Chl, SO4 (b, m, r, left) A6
3.0 35
25 3.0
2.0 25
15 2.0
e % A o
05 M 10
0.0 - W"‘MM 05
-0.5 0.0
20:26 20:29 2032 2035 20:38
A6 SP2 (k, left), HSP2 (r, right) 0.06
35 0.04
30
25 0.02
20 0.00
15 -0.02
10
5 -0.04
0 Aot Al A A _o 06
20:26 20:29 20:32 2035 20:38

20527 level at FL350
21017 heading down 15d4m N
2105 -2117

some interesting CO layering that sometimes correlates with O3 and CO2/CH4
big pickup of aerosols above the MBL, starting ~FL0O50



