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25  Table S1. Dates for each research flight (RF) based on UTC time at takeoff.

RF Date g
1 24 August 2019
2 27 August 2019
3 29 August 2019
4 30 August 2019
5 4 September 2019
6 6 September 2019
7 8 September 2019
8 13 September 2019
9 15 September 2019
10 16 September 2019
11 19 September 2019
12 21 September 2019
13 23 September 2019
14 25 September 2019
15 27 September 2019
16 29 September 2019
17 1 October 2019
18 3 October 2019
19 5 October 2019
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27  Table S2. Summary statistics (means [standard deviations in parentheses], biases, and number of
28  points [N]) for mixed layer heights (MLH) determined from the methods described in Section
29  2.5. Biases represent the deviation from the mean MLH for a given flight.

Dropsonde HSRL-2
All me_thods Pinching o_f temperature Pote_ntial tgmperal Abrupt decr_egse in \{vater MLH product
combined and dew point temperature inversion vapor mixing ratio
RF Mean (m) Mean (m) Bias (m) | Mean (m) ?ri:)S Mean (m) Bias(m) | N | Mean (m) I?ri?)s N
v dss | dseen | %5 | gaean |72 | gesam | 8% || @i | weae | 196
2 (‘ﬁz:g}l) (ggg) 60.15 (ggﬁg) 10.23 (gig:gg) 1114 | 11 (232:32) -1.85 | 485
3| dsson | assm | % | woow |eans | caram | T4 | 0| qeres | 6% | %0
C| cwsy | dwe | 27| dsaon | 29| dsiig | 8 | o eaaoy | 21| 70
5 (ggééé) (gigigj) "17.42 (‘zlig:gg) -1181 (gggiig) 3661 | 5 (ggé;g) 0.33 | 985
o| e | s | oew | s [ | g8 | s [of sy | ae | s
| Goren | @ | 28 | dseen | BB | qozan | 45 |10 qorsy | 18| 72
8 éf?jé%) (i?g:gg) -160.36 (i(‘;g:;(ls) 160,69 (%;g% -184.98 | 7 (3*133;22) 367 | 965
o (igiigg) (iéiii) -119.04 (igigg) 17042 (112111:4512) 17833 | 11 é%:?% 494 | 1042
10 (iig:?u?;) (ggg:g) -80.65 (23523?1) -75.47 (ggg:gg) -71.89 | 17 égg:gg) 10.36 | 374
1 (ggg;gi) (ggg;g;) 88.25 (ﬁ(z):gg) 158 (i%igg) 158 15 (33332) "L74 | 262
12 (TS?ES) (59873.5567) 08.72 (59022..4783) 149,56 (igsligé) 9047 4 11 (ﬁgg:gg) 255 | 1332
13 (?5333% (ggiﬂ) -26.68 (56727_'3198) -60.73 (&_’66912‘36) 8539 | 15 (%:gg) 247 | 1049
| rean | amsen | N | aary |aoss | assesy | 19230 | 7| raze | 70 | 502
| ogas | g | e | 3% || 25 | e | o] 2 | 2o [
16 (‘ngig) (‘1‘3‘2‘;%‘) -80.74 (ﬁggg) 5201 (‘llgéjgg) 8363 | 17 (‘l‘g;:gé) 593 | 620
v (igiiig) (g?:ig) -102.50 (ﬁgigg) 9571 (ﬁgigg) -101.98 | 11 (iggigg) 300 | 1102
18] Gossn | eomen | P87 | qermoy |zsese | eisaoy | 270 | 7| doesz | 206 | 40
19 (?17151;:8;) (iﬂigg) -10.64 (ﬁgigé) -21.95 (i"ﬂ?f) 1084 ) 9 (iggigg) 069 | 569
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34

Table S3. Summary statistics (means [standard deviations in parentheses], biases, root mean
squared errors [RMSEs], coefficients of determination [R?], and number of points [N]) for

NAAPS-RA/HSRL-2 AOT comparisons for each flight.

HSRL-2 NAAPS-RA with NAAPS-RA RH NAAPS-RA with dropsonde RH
RF Mean Mean Bias RMSE R? N Mean Bias RMSE R? N
" ) 022
0.07(0.01) | 0.17 (0.02) 0.10 0.11 1.00 (0.03) 0.15 0.15 1.00 2
2 11 0.11
0.11 (0.04) 0.09 (0.01) -0.03 0.04 0.76 (0.02) -0.01 0.02 0.88 11
3 9 0.17
0.10(0.03) | 0.14(0.02) | 004 0.05 0.08 (0.03) 0.07 0.07 0.44 7
4 9 0.13
0.09(0.02) | 012(0.01) | 002 0.03 0.04 (0.02) 0.04 0.05 0.17 9
5 5 0.16
0.15(0.05) | 0.15(0.02) | o001 0.04 031 (0.02) 0.01 0.03 0.47 5
6 9 0.35
0.29 (0.10) | 0.30(0.09) 0.02 0.05 0.70 (0.10) 0.07 0.10 0.40 9
7 10 0.24
012 (0.06) | 0.22(0.02) 0.10 0.12 0.18 (0.02) 0.12 0.14 0.01 10
8 7 0.07
0.20(0.13) | 007(0.01) | -0.13 0.18 0.07 (0.02) -0.13 0.17 0.13 7
9 11 0.93
0.91 (0.24) 0.89 (0.17) -0.02 0.24 0.08 (0.16) 0.02 0.25 0.06 11
10 17 0.62
0.34(0.20) | 060(0.12) | 026 0.33 0.04 (0.14) 0.28 0.36 001 | 17
11 4 0.20
0.17(0.08) | 0.17(0.03) | 0.0 0.06 0.17 (0.04) 0.03 0.07 0.08 4
12 11 0.21
0.22(0.05) | 0.17(0.03) | -0.04 0.06 0.22 0.05) | -0.01 0.05 031 | 11
13 13 0.17
0.21(0.04) | 013(0.02) | -0.08 0.09 0.48 (0.04) -0.04 0.05 0.42 13
14 7 0.14
0.15 (0.05) 0.10 (0.01) -0.05 0.07 0.43 (0.03) -0.01 0.03 0.77 7
15 8 0.07
0.05 (0.02) 0.06 (0.01) 0.02 0.02 0.52 (0.02) 0.03 0.03 0.30 8
16 17 0.09
0.09 (0.02) 0.08 (0.01) -0.01 0.03 0.01 (0.01) 0.01 0.02 0.08 17
17 11 0.22
0.20 (0.10) 0.17 (0.04) -0.03 0.09 0.23 (0.05) 0.02 0.08 0.35 11
18 7 0.08
0.17(0.10) | 0.07(0.01) | -0.10 0.15 0.82 0.01) | -0.09 0.14 0.33 7
19 9 0.03
0.03(0.01) | 0.02(0.00) | -0.01 0.02 0.89 (0.01) 0.00 0.02 0.83 9

4RF1 not discussed in study because of low number of points.
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Table S4. Same as Table S3, except for AOTmL comparisons for each flight.

HSRL-2 NAAPS-RA with NAAPS-RA RH NAAPS-RA with dropsonde RH
RF Mean Mean Bias RMSE R? N Mean Bias RMSE R? N
R ) 0.04
0.02 (0.00) | 0.04 (0.00) 0.02 0.02 1.00 (0.01) 0.02 0.02 1.00 2
2 1 0.04
0.04(0.01) | 003(0.00) | -0.01 0.01 057 (0.00) 0.00 0.01 0.67 11
3 9 0.06
0.04 (0.01) 0.05 (0.00) 0.02 0.02 0.38 (0.01) 0.02 0.03 0.50 9
4 9 0.04
0.03 (0.01) 0.03 (0.00) 0.00 0.01 0.14 (0.01) 0.01 0.01 0.00 9
5 5 0.05
0.04(0.02) | 0.04(0.01) | 000 0.01 0.20 (0.01) 0.01 0.01 0.85 5
6 9 0.12
0.11(0.04) | 011(0.04) | 0.00 0.03 0.34 (0.03) 0.02 0.04 0.12 9
7 10 0.07
0.05(0.03) | 0.06(0.01) 0.02 0.03 0.16 (0.02) 0.02 0.03 0.18 10
8 7 0.03
0.06 (0.05) | 0.03(0.00) | -0.04 0.06 0.33 (0.01) -0.04 0.06 0.17 7
9 11 0.31
0.33(0.07) | 030(0.04) | -0.03 0.05 0.74 (0.03) -0.02 0.06 0.42 11
10 17 0.17
0.14(0.07) | 017(0.03) | 004 0.06 031 (0.03) 0.04 0.07 015 | 17
11 4 0.05
0.05 (0.03) 0.05 (0.01) -0.01 0.02 0.22 (0.01) 0.00 0.02 0.35 4
12 11 0.07
0.08(0.02) | 0.07(0.02) | -0.01 0.03 0.09 ©0.01) | -001 0.02 001 | 11
13 13 0.06
0.08(0.01) | 005(0.01) | -0.02 0.03 0.29 (0.01) -0.01 0.02 0.13 13
14 7 0.05
0.05(0.01) | 005(0.01) | -0.01 0.01 0.17 (0.01) 0.00 0.01 0.25 7
15 8 0.02
0.01 (0.01) 0.02 (0.00) 0.00 0.00 0.49 (0.00) 0.01 0.01 0.45 8
16 17 0.03
0.03 (0.01) 0.02 (0.00) 0.00 0.01 0.16 (0.00) 0.00 0.01 0.00 17
17 11 0.09
0.06(0.02) | 007002 | 002 0.03 0.16 (0.03) 0.04 0.04 034 | 11
18 7 0.02
0.06 (0.05) 0.02 (0.00) -0.04 0.06 0.00 (0.00) -0.04 0.06 0.12 7
19 9 0.01
0.01(0.00) | 0.01(0.00) | 0.00 0.00 0.1 (0.00) 0.00 0.00 0.55 9

4RF1 not discussed in study because of low number of points.
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Table S5. Same as Table S3, except for extinction comparisons from 145 — 500 m for each

flight.
HSRL-2 NAAPS-RA with NAAPS-RA RH NAAPS-RA with dropsonde RH
T e Em e ]
1 | 003002 | 011001 | 007 007 090 | 3 (8:(1&) 0.07 0.08 0.03 3
2 007 (0.03) | 007(001) | -001 0.02 013 | 22 (gjgi) 0.00 0.02 035 | 22
3 0.06(0.03) | 010(001) | 0.04 0.05 002 | 17 (gjclé) 0.06 0.06 024 | 17
4 007 (0.04) | 0.08(001) | 001 0.04 000 | 18 (gjcl)g) 0.02 0.04 008 | 18
5 0.09(0.04) | 011(002) | 0.03 0.05 010 | 10 (8:(1)3) 0.04 0.04 072 | 10
6 022 (0.07) | 023(007) | 0.02 0.07 021 | 18 (8:(2)% 0.04 0.09 007 | 18
7 0.13(0.08) | 0.18(002) | 004 0.09 008 | 20 (8:(1)2) 0.06 0.10 008 | 20
8 0.13(0.08) | 0.06(0.01) | -0.06 0.09 001 | 13 (8281) -0.06 0.10 001 | 13
9 0.63(0.18) | 0.60(0.08) | 0.02 0.12 049 | 22 (8:(6);) 001 0.14 036 | 22
10 029 (0.14) | 0.38(0.06) | 0.0 0.16 021 | 34 (8:(3)2) 0.10 0.17 0.13 34
11 | 013007) | 008001 | -0.03 0.06 020 | 8 (8:(1)2) 0.03 0.06 0.45 8
12 | 015003 | 015(0.04) | 001 0.05 000 | 22 (8:(1)‘2‘) 001 0.03 032 | 22
13 | 012003 | 010(001) | -0.01 0.04 000 | 26 (8:(1);) 001 0.03 005 | 26
14 | 000003 | 009001 | 000 0.03 021 | 14 (8:(1)2) 001 0.02 055 | 14
15 | 004002 | 004001 | 001 0.02 039 | 16 (gjgi) 001 0.02 031 | 16
16 | 008(004) | 0.07(001) | 000 0.03 004 | 34 (8282) 001 0.04 000 | 34
17 0.13 (0.05) 0.21 (0.06) 0.09 0.11 0.16 22 (ggg) 0.11 0.13 0.27 22
18 0.15(0.12) 0.04 (0.01) -0.10 0.15 0.11 14 (ggi) -0.10 0.15 0.33 14
19 | 002001 | 0020000 | -0.01 0.02 003 | 16 (828(2)) 0.00 0.02 023 | 16

4RF1 not discussed in study because of low number of points.
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Table S6. Same as Table S3, except for extinction comparisons between 500 and 1500 m for

each flight.

HSRL-2 NAAPS-RA with NAAPS-RA RH NAAPS-RA with dropsonde RH
RE Mea}ln Mea}ln B|a>s1 RMiE R? N MeeT Blas_1 RM_SlE R? N

(km) (km) (km?) (km™) (km) (km™) (km)
1o 0.05 0.08 0.09

(0.02) (0.04) 0.02 0.04 0.06 6 (0.02) 0.04 0.04 0.71 6
2 0.06 0.05 0.06

(0.04) (0.02) -0.03 0.04 0.46 33 (0.02) -0.01 0.03 0.66 33
3 0.06 0.09 011

(0.04) (0.03) 0.02 0.04 0.20 27 (0.04) 0.05 0.06 0.44 27
4 0.05 0.06 0.07

(0.04) (0.02) 0.00 0.04 0.14 27 (0.03) 0.02 0.04 0.12 27
5 0.08 0.09 0.09

(0.07) (0.03) -0.02 0.05 0.54 15 (0.04) 0.01 0.04 0.70 15
6 0.17 0.19 0.21

(0.09) (0.09) -0.01 0.06 0.62 27 (0.08) 0.05 0.09 0.44 27
7 0.06 0.11 0.12

(0.07) (0.03) 0.03 0.08 0.01 30 (0.05) 0.06 0.09 0.08 30
8 0.13 0.05 0.04

(0.12) (0.02) -0.09 0.14 0.07 21 (0.02) -0.09 0.14 0.04 21
9 0.56 0.50 0.50

(0.24) (0.16) -0.16 0.23 0.40 33 (0.15) -0.07 0.16 0.66 33
10 0.21 0.34 0.35

(0.17) (0.10) 0.07 0.17 0.28 51 (0.10) 0.14 0.20 0.24 51
1 0.08 0.09 0.10

(0.04) (0.04) 0.00 0.04 0.16 12 (0.04) 0.02 0.05 0.08 12
12 0.13 0.10 0.13

(0.06) (0.04) -0.05 0.08 0.02 33 (0.04) -0.01 0.06 0.22 33
13 0.12 0.08 0.11

(0.06) (0.03) -0.06 0.07 0.38 39 (0.04) -0.02 0.05 0.43 39
14 0.07 0.06 0.08

(0.03) (0.02) -0.02 0.04 0.28 21 (0.03) 0.01 0.03 0.31 21
15 0.03 0.04 0.04

(0.02) (0.01) 0.01 0.02 0.35 24 (0.01) 0.02 0.02 0.06 24
16 0.05 0.05 0.05

(0.02) (0.02) -0.01 0.03 0.00 51 (0.02) 0.01 0.02 0.12 51
17 0.11 0.10 0.13

(0.07) (0.05) -0.02 0.07 0.09 33 (0.08) 0.03 0.08 0.22 33
18 0.10 0.04 0.04

(0.08) (0.01) -0.06 0.09 0.04 21 (0.01) -0.05 0.09 0.06 21
19 0.02 0.01 0.02

(0.02) (0.00) -0.01 0.01 0.16 27 (0.01) 0.00 0.02 0.00 27

4RF1 not discussed in study because of low number of points.
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Table S7. Same as Table S3, except for extinction comparisons above 1500 m for each flight.

HSRL-2 NAAPS-RA with NAAPS-RA RH NAAPS-RA with dropsonde RH
T - -
RE Mean (km™) Meahn Bla_s1 RMiE R? N Mean Blai RMiE R? N
(km™) (km™) (km™) (km-1) (km™) (km™)

10 0.04 0.06

0.02 (0.01) (0.01) 0.02 0.03 0.30 5 (0.01) 0.04 0.05 0.12 6
2 0.01 0.01

0.02 (0.01) (0.01) -0.01 0.01 0.38 51 (0.01) 0.00 0.01 0.31 51
3 0.02 0.02

0.01 (0.01) (0.01) 0.00 0.01 0.05 34 (0.01) 0.01 0.01 0.18 31
4 0.02 0.02

0.01 (0.01) (0.01) 0.00 0.01 0.19 32 (0.01) 0.00 0.01 0.05 33
5 0.02 0.02

0.02 (0.01) (0.01) -0.01 0.01 0.13 17 (0.02) 0.00 0.01 0.50 17
6 0.03 0.04

0.03 (0.03) (0.03) -0.01 0.04 0.49 40 (0.04) 0.00 0.03 0.50 40
7 0.03 0.03

0.01 (0.01) (0.02) 0.02 0.03 0.05 40 (0.02) 0.02 0.03 0.01 41
8 0.01 0.01

0.03 (0.04) (0.01) -0.03 0.06 0.39 27 (0.01) -0.02 0.04 0.44 27
9 0.11 0.12

0.10 (0.11) 0.07) 0.00 0.11 0.22 51 (0.08) 0.02 0.11 0.21 52
10 0.07 0.07

0.03 (0.04) (0.06) 0.04 0.08 0.11 80 (0.07) 0.05 0.08 0.14 80
1 0.02 0.03

0.02 (0.02) (0.02) 0.00 0.02 0.55 20 (0.02) 0.01 0.02 0.55 20
1 0.02 0.03

0.03 (0.02) (0.01) -0.01 0.02 0.72 43 (0.03) 0.00 0.02 0.68 43
13 0.02 0.03

0.04 (0.03) (0.01) -0.03 0.04 0.44 42 (0.02) -0.01 0.02 0.60 42
14 0.01 0.02

0.03 (0.03) (0.01) -0.02 0.04 0.49 33 (0.02) -0.01 0.02 0.80 33
15 0.01 0.01

0.01 (0.01) (0.01) 0.00 0.01 0.23 25 (0.01) 0.00 0.01 0.22 25
16 0.01 0.01

0.01(0.01) (0.01) 0.00 0.01 0.22 60 (0.01) 0.00 0.01 0.16 61
17 0.02 0.02

0.05 (0.05) (0.01) -0.03 0.05 0.34 35 (0.02) -0.02 0.04 0.60 35
18 0.01 0.02

0.02 (0.02) (0.00) -0.01 0.02 0.02 23 (0.01) -0.01 0.02 0.01 23
19 0.00 0.01

0.01(0.01) (0.00) -0.01 0.01 0.07 18 (0.00) 0.00 0.01 0.02 18

4RF1 not discussed in study because of low number of points.
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46  Table S8. Changes in summary statistics (means [standard deviations in parentheses], biases,
47  RMSEs, and R?) for NAAPS-RA/HSRL-2 AOT and extinction comparisons when dropsonde

48  RHs were substituted for NAAPS-RA RHs for each flight.

AOT Extinction < 500 m Extinction 500-1500 m Extinction > 1500 m
R Bia RMS Bias | RMS Bias | RMS Bias | RMS
Mean R2 | Mean | (km | E(km | R? | Mean | (km | E(km | R? | Mean | (km | E(km | R?
F S E 1 1 ot 1 1 1
) ) ) ) ) )
0.04 oo | 000 [ oot o | 002 -
1* | 004 | 004 [ 00a | %0 | 002 [ 001 | 001 | 08 | @04 | 002 | 000 | %° | (002 |003| 002 | 01
) ) 7 ) ) 8
0.02 o1 | 00 0 | 00 o | 000 -
2 | ©03 |002| 002 | %' | (o1 | 001 | 000 | %2 | 003|002 -002 | %% | o1 | 000 | 000 | 00
) G ) 1) ° 1) 7
0.03 0.02 0.02 0.01
3 | 004|003 | 002 | %% | 0oz |oo1| oo | % | 0os | 003 | 002 | %7 | o1 |000| 000 | O
) ) ) )
0.01 o1 | 002 oo | 001 [ 000 -
4 | 002 [ oo | oor | % | o2 o001 | 000 | %0 | o4 | 002 | 000 | 00 | 001 |001| 000 | 01
) ) ) 2 ) 4
0.01 0.02 0.00 0.00
5 | 003 | 001 | 000 | %' | 0oa 001 | 000 | % | 0os | 003 | 001 | %' | 002 | 000 | 000 | %
) ) ) )
0.05 ~ 1 003 002 oot o0
6 | 013 | 005 | 005 | 02 | (010 [ 002 | 002 | 01 | (012 | 005 | 002 | 01 | (005 | 002 | 001 | %
) 9 ) 4 ) 8 )
0.02 ~ [ o001 oo | 00 oo | 000 -
7 | 002 | 002 | 002 | 01| (0os o001 | oo | %0 | 0o | 003 | 001 | %0 | (003 |000| 000 | 00
) 7 ) ) ) 4
0.00 oo | 001 o | 000 ~ [ 0.0 0
g | 002 | 000 | 000 | %0 | 0oz [o00| oo | %0 | (003 | 000 | 000 | 00 | o1 |001| 002 | &
) ) ) 3 )
0.04 ~ [ 0.04 ~ [ 0.0 0z | 001 -
o | 023|004 | 000 | 00 | (011 |000| 002 |01 | (022|010 007 | % | 011 | 002 | 001 | 00
) 2 ) 3 ) ) 1
0.02 ~ [ 002 [ o001 [ 000 o0
10 | 018 002 | 003 | 00 | (009 | 000 | 001 | 00 | (014 | 006 [ 003 | 00 | 010 [001 | 000 | %
) 3 ) 8 ) 4 )
0.03 [ 0.0 o1 | 00 ~ [ oo1 0
11 | 005 003 | 001 | 00 | (002 |000 | 000 | % | (005 | 002 | 001 |00 | 003 o001 | 000 | &
) 8 ) ) 8 )
0.04 0o | 99T [ . 0 | 002 0 | 00 -
12 | 006 | 004 | 001 | %0 | o5 | 7| 002 [ %F | 006 | 004 | 003 | %7 | 003 001 | 000 | 00
) ) i ) ) 4
0.05 002 oo | 002 oo | 0o o1
13 | 004 | 005 | -004 | 00 | 002 | 001 | 001 | % | 0os | 004 | 002 | %0 | 003 | o002 | 002 | %
) 6 ) ) )
0.04 0.01 0.02 0.01
14 | 004 | 004 | -004 Oé?’ ©02 | 000 | -0.01 Of’ ©03 | 003 | -0.01 oéo ©0.02 | 0.01 | -001 Of
) ) ) )
0.01 001 o0t [ 000 -
15 | 002 | 001 | 001 | 02 | 002 | 000 | 000 | 00 | (002 | 001 | 001 | 02 | (001 | 0.00 | 000 | 0.0
) 2 ) 8 ) 9 ) 1
0.02 oo | 002 ~ [ o0t o1 | 000 -
16 | 002 | 002 | 000 | % | 002 [ 000 | 001 | 00 | (@03 o001 | 001 | %" | o1 | 000 | 000 | 00
) ) 4 ) ) 6
0.05 0.04 0.04 0.00
17 | 006 | 005 | 001 | % | 011 [ 002 | 002 | % | 009 o004 | 001 | % | o2 |00 | 001 | %
) ) ) )
0.01 o0t 02 | 0oL oo | 000 o0
18 | 002 | 001 | -001 | 04 | 001 | 000 | 000 | % | o1 [oo1 | 001 | % | o1 |o000 | 000 | %
) 9 ) ) )
0.01 [ 000 02 | 000 1 000 -
19 | 001 | 001 | 000 | 00 | 000 [ 000 | 000 | %* | (@01 [o001 | 000 | 01 | (000 | 000 | 001 | 00
) 6 ) ) 6 ) 5

49  ?RF1 not discussed in study because of low number of points.

S9




50

51
52
53
54
55

20N

15N

10N

5N

58

60N P2

30N

308

60S -

90S
180W 150W 120W 90W  60W  30W 0 30E 60E 90E 120E  150E  180E

| |
1 5 10 20 30 40 60
Number of data assimilations

Figure S1. Total number of quality-controlled and assured MODIS AOT retrievals that were
assimilated into NAAPS-RA per 1° grid during the time period relevant to the campaign (00Z 24
August 2019 — 187 04 October 2019) for (a) Southeast Asia and (b) the entire globe. White grids
indicate there were zero data assimilations, and red rectangles indicate the region in which we
evaluated NAAPS-RA performance.
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Figure S2. Flight tracks (red), dropsonde release points (blue circles), and 1° grids relevant to
NAAPS-RA data (outlined with black squares). If a NAAPS-RA 1° grid does not encompass a
dropsonde release point, this indicates that grid replaced an original grid that contained land at
the surface. The number of replaced grids out of the total is then reported for each research flight
(RF).
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Figure S3. (a) Altitudes at which NAAPS-RA and HSRL-2 extinction coefficients were
compared, as well as an example of (b) simulated (NAAPS-RA) and retrieved (HSRL-2)
extinction profiles and (c) simulated (NAAPS-RA) and measured (dropsonde) RH profiles for a
location sampled during RF8 on 13 September 2019. Horizontal lines indicate altitudes relevant
to the three altitude layers discussed throughout the study: (i) 145 — 500 m (for extinction
comparisons) or < 500 m (for RH comparisons), (ii) 500 — 1500 m, and (iii) >1500 m.
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Figure S4. NAAPS-RA fine aerosol optical depth (AOD) and 925 mbar wind speed for the 6-hr

periods most relevant to the (a) clean case study on 5 October 2019, (b) biomass burning smoke
case study on 15 September 2019, (c) Asian pollution case study on 1 October 2019, and (d)
mixed case study on 16 September 2019. White coloring indicates a fine AOD of ~0. Red
squares indicate the 1° grid relevant to each case study (a black square is used for the smoke case
study).
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Figure S5. Flight track in the mixed layer (ML) for RF10 on 16 September 2019 colored by the
hygroscopic growth parameter, y. A thin black line indicates when data for y were unavailable
along the flight track, the green triangle denotes where vertically resolved HSRL-2 data were
extracted, the black six-pointed star indicates a dropsonde release point, and the black square
outlines the 1° x 1° grid relevant to the NAAPS-RA data.
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Figure S6. Comparison between simulated (NAAPS-RA) and retrieved (HSRL-2) mixed-layer
AOT (AOTwmL) when NAAPS-RA extinction coefficients were calculated using RHs from (a)
NAAPS-RA and (b) dropsonde data.
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outlined with a red rectangle) and (b) the Philippines. Replacement NAAPS-RA grids are
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Figure S8. Comparisons between simulated (NAAPS-RA) and measured (dropsonde) (a) RH,
(b) temperature, (c) specific humidity, and (d) the altitudes at which comparisons were made.
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Figure S9. Retrieved total extinction profiles (HSRL-2) and simulated (NAAPS-RA) fine,
coarse, and total extinction profiles when simulated values were calculated with (a) NAAPS-RA
RH and (b) dropsonde RH values, as well as (c) simulated mass fraction profiles of the four
aerosol species for the clean case study (RF19) on 5 October 2019. Black horizontal lines denote
the MLH.
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Figure S10. HSRL-2 532 nm particle depolarization ratios for the flight relevant to the clean
case study (RF19 on 5 October 2019). The green rectangle indicates the period during which the
HSRL-2 made retrievals within the 1° grid chosen for this case study. Clouds are not cleared
from this image, and water clouds show as very small patches of elevated particulate
depolarization. The aerosol has low particulate depolarization.
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108 Figure S11. Same as Fig. S9, except for the biomass burning smoke case study (RF9) on 15
109  September 2019. Dashed silver lines for NAAPS-RA fine extinction are difficult to see as they
110  are directly below the red lines for NAAPS-RA total extinction.
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111

112 Figure S12. HSRL-2 aerosol types derived from the method described in Burton et al. (2013) for
113  the flight relevant to the biomass burning smoke case study (RF9 on 15 September 2019). The
114  black rectangle indicates the period during which the HSRL-2 made retrievals within the 1° grid
115  chosen for this case study.
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Figure S13. Same as Fig. S12, except for the flight relevant to the Asian pollution case study
(RF17 on 1 October 2019).
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119
120  Figure S14. Same as Fig. S9, except for the Asian pollution case study (RF17) on 1 October 2019.
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122 Figure S15. Fine-mode (< 600 nm) aerosol composition in the ML based on AMS measurements
123  for each case study. Mean total fine mass concentrations are provided above each pie chart.
124 “BB” stands for biomass burning.
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Figure S16. Same as Fig. S9, except for the mixed case study on 16 September 2019.
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