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Supplementary Figures
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Figure S1: Examples of Zag. identification using the Liu-Liang method applied to (a) a CBL case, (b) an NBL
case, and (c-d) SBL cases. For each of the above cases, the 0, profile is plotted in the left panel, which includes the
stability regime (written), subjective Zag. (written and marked with a horizontal black line) and Liu-Liang Zas.
(marked with a horizontal green line). For each case, the d6,/dz profile is plotted on the right panel, which includes
the ZagL from the Liu-Liang method (written and marked with a horizontal green line). For the SBL cases, wind
speed is also plotted in the middle panel, which includes LLJ height if one exists (marked and written). For the CBL
case (a), a thin vertical black line at d6./dz = 0.05 K 100 m is plotted on the right panel. For the NBL case (b), a
thin vertical black line at do./dz = 2.5 K 100 m is plotted on the right panel. Additionally, a dashed vertical black
line using the original Liu-Liang threshold value of do,/dz = 0.05 K 100 m is plotted on the right panel, as well as a
dashed green line at the Zag. associated with using this threshold on both panels. For both SBL cases, a thin vertical
black line at do,/dz = 0.05 K 100 m is plotted on the right panel. For the first SBL case (c), Zas. found by the Liu-
Liang methods is determined using the buoyancy forcing criteria. For the second SBL case (d), ZasL found by the
Liu-Liang methods is determined as the altitude of the LLJ core.
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Figure S2: Examples of Zag. identification using the Heffter method applied to (a) an NBL case, (b) an SBL case,
and (c) a CBL case. For each of the above cases, the 0, profile is plotted in the left panel, which includes the stability
regime (written), subjective Zag. (written and marked with a horizontal black line) and Heffter Zag. (marked with a
horizontal green line). For each case, the d6./dz profile is plotted on the right panel, which includes Zag. from the
Heffter method (written and marked with a horizontal green line), 6, difference across the 6y inversion (written), a
thin vertical black line plotted at do,/dz = 0.5 K 100 m™, and the top and bottom of the 0, inversion (marked with
dashed horizontal black lines). No Heffter Zag. is found for the CBL case since the 0y difference across the 6
inversion is less than 2 K.
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Figure S3: Examples of Zag. identification using the TGRDM method applied to (a) a NBL case, (b) an SBL case,
and (c) a CBL case. For each of the above cases, the 0, profile is plotted in the left panel, which includes the stability
regime (written), subjective Zag, (written and marked with a horizontal black line) and TGRDM Zag. (marked with
a horizontal blue line). For each case, the d6,/dz profile is plotted on the right panel, which includes Zag. from the
TGRDM method (written and marked with a horizontal blue line).
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(a) 14-Apr-2020,07:58 UTC (b) 04-Jul-2020,13:20 UTC (C) 06-May-2020,14:50 UTC

10901 Regime = NBL R (05)Z,g (m)=190 1000 Heglme SBL Ri(0.5)Z,g (M=85 190 Regime = CBL RI(05) Z, g, (M) = 130
000 | SUBl Z,g, (m) = 194 F0.75) Zyg m = 195 ) Zyg (M) = 54 ﬁ(ovs)zwdm) 70 goo| SubjZsg, (m)=136 Riy(0.75) Z,.g, (m) = 135
800 800 |
e N
700 = i — 700 |
3 N S o B
il I e a— = b 3
- ——— e 37 | g —
= 400 . i e—— =
< quﬁ —_— < e
300 t%: o apm— 300 | -
200 ﬁ:’ 2 o
B — N - ==
100 mo( p
i A il < i
250 255 260 265 0 2 4 275 280 285 o - 4 266 2665 267 267.5 268 0 2 a4
9, (K) Ri, 6, K Ri,, 6, (K) Riy
—Subjective Z —Ri _(0.5) 2 Ri _(0.75) Z
J ABL 60-5) ZpgL p0-79) Zp5,

Figure S4: Examples of Zag. identification using the Ri, method applied to (a) an NBL case, (b) an SBL case, and
(c) a CBL case. For each of the above cases, the 6y profile is plotted in the left panel, which includes the stability
regime (written), subjective Zag. (written and marked with a horizontal black line) and Rip ZagL (marked with
horizontal purple and pink lines). For each case, the Riy profile is plotted on the right panel, which includes Zag.
from the Rip, method with each threshold value (written and marked with horizontal purple and pink lines), and thin
vertical black lines plotted at Ri,= 0.5 and Ri, = 0.75.

Figures S5-S69: Examples of Zag,. identification for all DH2 flights (represented by solid lines) used in the current
study and the corresponding radiosonde profiles (represented by dashed lines). Panel 1: 6, profile from the DH2.
Panel 2: 0, profile from the radiosonde. Panel 3: Rij profiles from the DH2 (solid black) and the radiosonde (dashed
grey). Panel 4: d6./dz profiles from the DH2 (solid black) and the radiosonde (dashed grey). Panel 5: wind speed
profiles from the DH2 (solid black) and radiosonde (dashed grey). The legend below indicates the Zag. detection
method associated with each horizontal line in Figures S5-S69. LLJ core is not in itself a Zag. detection method, but
plays into the Liu-Liang method, so it is included. Each Zag_ is written on the corresponding platform’s 6y profile.
‘No ZagL’ is written if the method fails to identify a Zag..
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Figure S5: Zag, identification for DH2 flight on 23 March at 13:52 UTC and radiosonde profile at 10:53 UTC.
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Figure S6: Zag. identification for DH2 flight on 24 March at 12:09 UTC and radiosonde profile at 10:51 UTC.

DH2 profile at 24-Mar-|

1000 /Regime = NBL Regime = SBL
900 Z‘m_(m) from: ¥4 Am.(m) from:
Subjective = 96 Subjective = 108
800 'Liu-Liang = 55 Liu-Liang = 189 ,’
Heffter = 94 Heffter = 122 :
700 TGRDM = 110 TGRDM = 149 ?
Ri,(0.5) = 60 Ri,(0.5) =79 ;
£ 600 Ri, 075 =60 |Ri,(0.75) = 89 '
3
g 500
< 400
300
200
100
0 /
240 250 260 240 250 260 0 2 4 0 5 10 15 0 5 10
DH2 0, (K) RS 6, (K) Riy, do, /dz (K100 m™) Wind Speed (ms™")

Figure S7: Zag. identification for DH2 flight on 24 March at 14:43 UTC and radiosonde profile at 16:59 UTC.

DH2 profile at 29-Mar-2020,12:24 UTC - RS profile at 10:52 UTC

1000 ime = ime =

Regime = NBL Regime = NBL , ) §e,

900 Z ABL(m, from: ‘Z“L(m) from: J e
Subjective = 227 Subjective = 219 1 * - -

800 'Liu-Liang = 210 {Liu-Liang = 206 ! s
Heffter = 232 Heffter = 229 !

700 ‘TGRDM = 240 TGRDM = 256 I’
Rib(O.S) =100 Rib(D.S) =186 7

600 Ri,(0.75) = 190

|Ri(0.75)=186 ¢

Altitude (m)
8

400 '
300
200 = v
100 p
1
0
245 250 255 260 265 245 250 255 260 265 0 2 4 0 2 4 6 8 0 5 10
DH2 4, (K) RS 0, (K) Riy, do, /dz (K100 m™) Wind Speed (ms™")

55 Figure S8: Zag. identification for DH2 flight on 29 March at 12:24 UTC and radiosonde profile at 10:52 UTC.
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Figure S9: Zag, identification for DH2 flight on 30 March at 12:37 UTC and radiosonde profile at 10:50 UTC.
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Figure S10: Zag identification for DH2 flight on 7 April at 12:11 UTC and radiosonde profile at 10:46 UTC.
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Figure S11: Zag identification for DH2 flight on 7 April at 15:14 UTC and radiosonde profile at 16:58 UTC.
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Figure S12: Zag identification for DH2 flight on 8 April at 11:41 UTC and radiosonde profile at 10:58 UTC.
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65  Figure S13: Zag. identification for DH2 flight on 8 April at 12:29 UTC and radiosonde profile at 10:58 UTC.
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Figure S14: Zag identification for DH2 flight on 8 April at 14:42 UTC and radiosonde profile at 16:48 UTC.



DH2 profile at 09-Apr-2020,11:51 UTC - RS profile at 10:52 UTC
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Figure S15: Zag identification for DH2 flight on 9 April at 11:51 UTC and radiosonde profile at 10:52 UTC.

1000 Regime = NBL

900

Z, g (m) from:
Subjective = 103
Liu-Liang = 100
Heffter = 311
TGRDM = 100
Ri (0.5) =75
Ri(0.75) = 80

800
700

600

Altitude (m)

DH2 profile at 09-Apr-2020,14:05 UTC - RS profile at 16:47 UTC

Regime = NBL '

| Zyg, (m) from: ,‘
Subjective = 116 ¢

I Liu-Liang = 129 t
Heffter = 235 !
TGRDM = 144 g
Riy(0.5) = 109 :

| Ri,(0.75)= 114 I
!

|

]
0 1
250 255 260250 255 260
70 DH2 0, (K) RS 0, (K) Riy, do, /dz (K 100 m™) Wind Speed (ms™")

Figure S16: Zag. identification for DH2 flight on 9 April at 14:05 UTC and radiosonde profile at 16:47 UTC.
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Figure S17: Zag. identification for DH2 flight on 10 April at 11:39 UTC and radiosonde profile at 10:51 UTC.



DH2 profile at 10-Apr-2020,12:39 UTC - RS profile at 10:51 UTC
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Figure S18: Zag identification for DH2 flight on 10 April at 12:39 UTC and radiosonde profile at 10:51 UTC.

1000/ Regime = SBL Regime = NBL p 4 -, "i 2
900 ' Zyg, (M) from: 1 Z g (m) from: : ) g ¢
Subjective = 136 Subjective = 105 ;
800 | Liu-Liang=No Z, . | Liu-Liang = 111 i
Heffter = 170 Heffter = 145 '
700 ' TGRDM = 145 TGRDM = 131 1
1

Ri (0.5) = 120

Ri,(0.5) = 101

£ 600 Ri0.75)= 125 (Ri078)=101 -~
; /
500 /
s ‘
= ]
< 400 ¥
’/
300 ’
J
i
200 ’
100 klox-zx-hq}ﬁoﬁoﬁ b - —ar - e e
1
5 I
250 255 260 250 255 260 0 2 4 0 ] 10 0 2 4 6 8
DH2 4, (K) RS 0, (K) Riy, do. /dz (K100m™) Wind Speed (ms™")
G

Figure S19: Zag identification for DH2 flight on 10 April at 14:38 UTC and radiosonde profile at 16:53 UTC.
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Figure S20: Zag identification for DH2 flight on 11 April at 11:45 UTC and radiosonde profile at 10:50 UTC.
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ZagL identification for DH2 flight on 13 April at 12:04 UTC and radiosonde profile at 10:51 UTC.
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Figure S23: Zag, identification for DH2 flight on 14 April at 7:58 UTC and radiosonde profile at 7:50 UTC.
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Figure S24: Zag identification for DH2 flight on 14 April at 11:30 UTC and radiosonde profile at 10:50 UTC.
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Figure S25: Zag identification for DH2 flight on 14 April at 14:23 UTC and radiosonde profile at 14:01 UTC.
DH2 profile at 15-Apr-2020,08:13 UTC - RS profile at 07:50 UTC
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Figure S26: Zag. identification for DH2 flight on 15 April at 8:13 UTC and radiosonde profile at 7:50 UTC.
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DH2 profile at 17-Apr-2020,08:08 UTC - RS profile at 07:52 UTC
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Figure S27: Zag. identification for DH2 flight on 17 April at 8:08 UTC and radiosonde profile at 7:52 UTC.
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95  Figure S28: Zag, identification for DH2 flight on 17 April at 12:10 UTC and radiosonde profile at 10:48 UTC
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Figure S29: Zag identification for DH2 flight on 25 April at 13:02 UTC and radiosonde profile at 10:54 UTC.
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DH2 profile at 26-Apr-2020,15:18 UTC - RS profile at 16:49 UTC

Figure S30: Zag identification for DH2 flight on 26 April at 15:18 UTC and radiosonde profile at 16:49 UTC.
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Figure S31: Zag. identification for DH2 flight on 27 April at 8:48 UTC and radiosonde profile at 10:55 UTC.

DH2 profile at 30-Apr-2020,07:53 UTC - RS profile at 04:52 UTC
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Figure S32: Zag identification for DH2 flight on 30 April at 7:53 UTC and radiosonde profile at 4:52 UTC.
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DH2 profile at 30-Apr-2020,14:07 UTC - RS profile at 16:50 UTC
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105  Figure S33: Zag. identification for DH2 flight on 30 April at 14:07 UTC and radiosonde profile at 16:50 UTC.

DH2 profile at 01-May-2020,14:32 UTC - RS profile at 16:52 UTC
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Figure S34: Zag identification for DH2 flight on 1 May at 14:32 UTC and radiosonde profile at 16:52 UTC.

DH2 profile at 02-May-2020,12:49 UTC - RS profile at 10:55 UTC
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Figure S35: Zag. identification for DH2 flight on 2 May at 12:49 UTC and radiosonde profile at 10:55 UTC.
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Figure S36: Zag. identification for DH2 flight on 3 May at 14:55 UTC and radiosonde profile at 16:49 UTC

DH2 profile at 04-May-2020,12:07 UTC - RS profile at 10:56 UTC
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Figure S37: Zag. identification for DH2 flight on 4 May at 12:07 UTC and radiosonde profile at 10:56 UTC.

1000 Regime = SBL

DH2 profile at 04-May-2020,13:05 UTC - RS profile at 10:56 UTC

Regime = SBL

900 - Z,g, (m) from: ‘ZmL(m) from:
Subjective = 94 Subjective = 101 Yo
800 ' Liu-Liang = 494 | Liu-Liang = 187 \
Heffter = 122 Heffter = 137 L
700 - TGRDM = 115 | TGRDM = 147 I
Ri (0.5) = 90 Ri (0.5) = 112 L
C— ) { = ! { * = 1
£ 600 Ri,(0.75) = 100 Ri,(0.75) = 127 !
Q 7
3 ;
= 1
< AN
\
\
\
______ o |
7/
7/
0
258 260 262 264 266 268 258 260 262 264 266 268 0 2 4 0 2 4 6 0 5 10
DH2 0, (K) RS 6, (K) Riy do, /dz (K100 m™) Wind Speed (ms™")

115  Figure S38: Zag. identification for DH2 flight on 4 May at 13:05 UTC and radiosonde profile at 10:56 UTC.
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DH2 profile at 04-May-2020,14:53 UTC - RS profile at 16:52 UTC
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Figure S39: Zag identification for DH2 flight on 4 May at 14:53 UTC and radiosonde profile at 16:52 UTC.
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Figure S40: Zag identification for DH2 flight on 6 May at 14:50 UTC and radiosonde profile at 16:53 UTC.

DH2 profile at 21-Jun-2020,12:27 UTC - RS profile at 10:58 UTC
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Figure S41: Zag identification for DH2 flight on 21 June at 12:27 UTC and radiosonde profile at 10:58 UTC.
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Figure S42: Zag. identification for DH2 flight on 21 June at 13:13 UTC and radiosonde profile at 10:58 UTC.
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Figure S43: Zag. identification for DH2 flight on 22 June at 8:05 UTC and radiosonde profile at 4:55 UTC.

DH2 profile at 22-Jun-2020,09:12 UTC - RS profile at 10:54 UTC
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Figure S44: Zag identification for DH2 flight on 22 June at 9:12 UTC and radiosonde profile at 10:54 UTC.
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Figure S45: Zag identification for DH2 flight on 30 June at 8:39 UTC and radiosonde profile at 10:54 UTC.
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Figure S46: Zag. identification for DH2 flight on 1 July at 9:04 UTC and radiosonde profile at 10:55 UTC.
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Figure S47: Zag. identification for DH2 flight on 4 July at 8:02 UTC and radiosonde profile at 4:55 UTC
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DH2 profile at 04-Ju|-2020 13:20 UTC - RS proﬁle at 10:55 UTC
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135  Figure S48: Zag. identification for DH2 flight on 4 July at 13:20 UTC and radiosonde profile at 10:55 UTC.
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Figure S49: Zag identification for DH2 flight on 9 July at 13:57 UTC and radiosonde profile at 16:55 UTC.
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Figure S50: Zag identification for DH2 flight on 10 July at 8:06 UTC and radiosonde profile at 10:53 UTC.
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Figure S51: Zag identification for DH2 flight on 13 July at 8:08 UTC and radiosonde profile at 10:55 UTC.
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Figure S52: Zag identification for DH2 flight on 13 July at 14:39 UTC and radiosonde profile at 16:55 UTC.
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Figure S53: Zag. identification for DH2 flight on 15 July at 12:08 UTC and radiosonde profile at 10:55 UTC.
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DH2 profile at 17-Jul-2020,13:30 UTC - RS profile at 10:55 UTC
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: ZpeL identification for DH2 flight on 17 July at 13:30 UTC and radiosonde profile at 10:55 UTC.

DH2 profile at 17-Jul-2020,14:33 UTC - RS profile at 16:58 UTC
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: ZpeL identification for DH2 flight on 17 July at 14:33 UTC and radiosonde profile at 16:58 UTC.
DH2 profile at 18-Jul-2020,13:10 UTC - RS profile at 10:55 UTC
1000 ' Regime = NBL Regime = SBL ' e .
) ~£ L
900  Z,g, (m) from: | Zyg, (M) from: ¢
Subjective = 121 Subjective = 103 /
800 ' Liu-Liang = 125 | Liu-Liang = 443 P
Heffter = 245 Heffter = 440 p

700 - TGRDM = 135  TGRDM = 153 ’

Ri (0.5) = 125 Ri (0.5) = 53 -
600 Ri,(0.75) = 125 | Ri,(0.75) = 63 ,'
'
500 ’
7/
..... X SA—
400 ,’
i
300 t
7
200+ ]
!
)
100 oy i i
. kaesasssznas
275 280 285 275 280 285 0 2 4 0 2 4 6 0 2 4 6
DH2 0, (K) RS 0, (K) Riy do, /dz (K100 m™) Wind Speed (ms™")

Figure S56: Zag. identification for DH2 flight on 18 July at 13:10 UTC and radiosonde profile at 10:55 UTC.
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DH2 profile at 20-Jul-2020 11:28 UTC - RS profile at 10:55 UTC
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Figure S57: Zag. identification for DH2 flight on 20 July at 11:28 UTC and radiosonde profile at 10:55 UTC.
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Figure S58: Zag. identification for DH2 flight on 20 July at 13:23 UTC and radiosonde profile at 10:55 UTC.

DH2 profile at 21 -Jul-2020 07:44 UTC - RS profile at 07:54 UTC
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Figure S59: Zag identification for DH2 flight on 21 July at 7:44 UTC and radiosonde profile at 7:54 UTC.
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DH2 profile at 22-Jul-2020,02:49 UTC - RS profile at 01:52 UTC
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Figure S60: Zag. identification for DH2 flight on 22 July at 2:49 UTC and radiosonde profile at 1:52 UTC.
DH2 profile at 22-Jul-2020,03:45 UTC - RS profile at 01:52 UTC
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Figure S61: Zag. identification for DH2 flight on 22 July at 3:45 UTC and radiosonde profile at 1:52 UTC.
DH2 profile at 22-Jul-2020,04:59 UTC - RS profile at 04:55 UTC
1000 | Regime = SBL Regime = SBL R
900 Zygy (M) from: | 2, (m) from: :
Subjective = 91 Subjective = 106 )
800 - Liu-Liang = 179 I Liu-Liang = 171 !
Heffter = 100 Heffter = 118 I‘
700 - TGRDM = 125 - TGRDM = 121 )
Ri, (0.5) = 95 Ri, (0.5) = 106
£ 600 Riy(075)=100 | Riy(0.75) = 111 p
°
g 500
2 400

3 8

g

0
272 274 276 278 280 282 272 274 276 278 280 282
DH2 0, (K) RS 0, (K) Ri, do, /dz (K100 m™) Wind Speed (ms™")

Figure S62: Zag. identification for DH2 flight on 22 July at 4:59 UTC and radiosonde profile at 4:55 UTC.
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DH2 profile at 22-Jul-2020,05:55 UTC - RS profile at 04:55 UTC
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Figure S63: Zag. identification for DH2 flight on 22 July at 5:55 UTC and radiosonde profile at 4:55 UTC.

DH2 profile at 22-Jul-2020,07:37 UTC - RS profile at 07:56 UTC
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Figure S64: Zag. identification for DH2 flight on 22 July at 7:37 UTC and radiosonde profile at 7:56 UTC.
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Figure S65: Zag. identification for DH2 flight on 22 July at 8:40 UTC and radiosonde profile at 7:56 UTC.
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DH2 profile at 24-Jul-2020,07:35 UTC - RS profile at 04:55 UTC
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Figure S66: Zag. identification for DH2 flight on 24 July at 7:35 UTC and radiosonde profile at 4:55 UTC.
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Figure S67: Zag. identification for DH2 flight on 25 July at 11:36 UTC and radiosonde profile at 10:57 UTC.

DH2 profile at 26-Jul-2020,11:58 UTC - RS profile at 10:58 UTC
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Figure S68: Zag. identification for DH2 flight on 26 July at 11:58 UTC and radiosonde profile at 10:58 UTC.
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DH2 profile at 26-Jul-2020,14:25 UTC - RS profile at 16:52 UTC
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Figure S69: Zag. identification for DH2 flight on 26 July at 14:25 UTC and radiosonde profile at 16:52 UTC.
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Stable boundary layer cases
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Figure S70: Bar plot showing what percent of (a) DH2 cases and (b) radiosonde cases give an objective ZagL within
different relative difference ranges from the subjective ZagL using the different objective methods, for only stable
cases. Plot also shows the percent of cases for each method where no Zag is found (labelled as “No ZagL”).
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Neutral boundary layer cases
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185 Figure S71: Bar plot showing what percent of (a) DH2 cases and (b) radiosonde cases give an objective Zag, within
different relative difference ranges from the subjective Zag. using the different objective methods, for only neutral
cases. Plot also shows the percent of cases for each method where no Zag. is found (labelled as “No ZagL”).
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