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The aim of this supplementary material is to provide transparent and detailed background information
about the ASK 16 measurement platform. In Supplement S1 more details are provided about the flight
maneuvers that have been used to calibrate the wind measurements. This includes detailed tables, that
present measurement conditions during the calibration maneuvers. In Supplement S2 more information
about atmospheric boundary layer height conditions is given for two specific flight dates (29.08.2018 and
21.09.2019). Supplement S3 provides cospectra for the same measurement flights (29.08.2018 and
21.09.2019).
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Supplement S1: Flight Maneuver Information

Flight maneuvers were performed during several calibration and measurement flights to obtain calibration
parameters for the angle of attack, the sideslip angle, the static pressure and the dynamic pressure. Tables
S1 — S5 provide information about flight itself (e.g. height, flight time etc.) and the meteorological
conditions that were prone during the flight maneuvers. Additionally, all tables provide information about

the optimized parameterization of the individual flight maneuvers.

Table S1: General information about the speed maneuvers, including general flight information (date, time, mean
height, and mean groundspeed), meteorological conditions (median windspeed, wind directions, and wind vector
information). The table also includes the range in measured static pressure (Ps) and static pressure defect (err Ps).
Wind conditions were calculated with the median calibration parameters for 2017/2018 and 2019/2022 from Table
3 (and not with the obtained calibration parameters for each individual maneuver — a, and a, Eq. 2). Symbology:
M = median, lon = longitude; lat = latitude; alt = altitude; m.a.g.l. = meters above ground level; T = temperature;
wspd = windspeed; wdir = wind direction, v,,= groundspeed, r? = coefficient of determination representing fit

for parameters a, and a, (fit for parameter a5 is provided in Table S2).

no | flight flight M(lon) M(lat) M(alt)  M(T) M(wspd) M(wdir) M(w) range a: a2 r2 fit
date time Vgs Eg.2 Eg.2 Eq
2
- start-  deg deg magl °K m/s ° m/s m/s - - -

end

1 |8/9/2017 17:09:54 12516 52.1 2557 278 118 230 0.48 12.1- 0.045 -2.04 0.97
- 32.96
17:12:46

2 [9/21/2019 10:51:22 12.507 52.08 1052 287 21 318 0.05 27.28 0.045 -1.72 0.99
10:53:02 48.19

3 |5/4/2022 12:28:44 12.56 52.12 779 284 2.7 135 0.49 20.93 0.056 -1.62 0.98
12:29:45 48.75

4 |6/7/2018 18:12:33 12.671 52.12 631 295 7.0 112 0.05 30.19 0.048 -1.98 0.98
18:18:46 57.67

5 |4/17/2019 11:08:58 12.756 51.98 1631 276 85 126 -0.06 18.26 0.047 -2.24 0.92
11:20:28 41.51

6 |9/21/2019 10:02:39 12.406 52.01 1080 287 15 299 0 27.21 0.049 -2.09 0.94
10:08:56 48.48

7 |9/21/2019 10:47:46 12.484 52.05 1039 287 2.0 303 0.06 27.28 0.046 -2.12 0.91
- -50.1
10:53:02

8 [9/21/2019 10:07:11 12.345 51.98 1102 287 1.1 306 -0.05 27.73 0.058 -1.94 1.00
10:09:56 47.86

9 19/21/2019 10:09:56 12.251 51.95 1124 287 1.8 337 0.05 27.88 0.040 -2.42 0.99
10:13:28 47.79




10(9/21/2019 10:11:26 12.231 51.94 1126 287 2.0 338 -0.01 28.99 0.040 -2.44 0.99
- -47-
10:13:28 79

11(9/21/2019 10:47:46 12.457 52.01 1047 287 1.9 294 -0.04 27.41 0.040 -2.15 0.99
10:49:33 47.97

1219/21/2019 10:49:33 12.485 52.05 1027 287 2.1 292 0.12 27.57 0.053 -1.72 0.99
- -50.1
10:51:22
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Table S2: General information about the performed yawing maneuvers, including general flight information (date,
time height, groundspeed), meteorological conditions (windspeed, wind directions, and wind vector information)
and the obtained calibration parameters — Par a3 for Eq. 2. and Cp for Eq. 6. All wind parameters were calculated
after calibration (using median calibration values for 2017/2018 and 2019/2022 from Table 3 - and not with the
parameters in the last column). Symbology: M = median; lat = latitude; lon = longitude; alt = altitude; m.a.g.l. =
meters above ground level; T =temperature; 4 = average conditions; wspd = windspeed; wdir = wind direction;
vys= groundspeed; 0 = Pitch angle; ¥ = heading, r? = coefficient of determination representing fit for parameter

az in Eq. 2 (fit for other parameters is provided in Table S1). The second part of this table is positioned on the

next page.

Table S2 part A

no| flightdate flighttime M(lon) M(lat) M(alt) M(T) M(wspd) M(wdir) M) o@wm) oW

yyyy-mm-dd hh:mm:ss  deg deg magl °K m/s ° m/s m/s  m/s

17:07:31 -

1| 2017-08-09 17:07:52 12,572 52137 2602 2788 13.26 228.7 998 0.21 0.18
10:04:40 -

2 | 2022-06-14 10:05:25 13.462 53.351 2364 2735 13.29 315.7 928 0.1 0.5
14:44:18 -

3| 2018-07-16 s 13.254 52.235 606 294.2 3.04 39.2 -1.76 055 0.43
14:44:33
10:41:46 -

4| 2018-07-18 10:42:48 12.462 52.188 2357 280 8.37 300.6 719 039 0.28
10:45:19 -

5] 2018-07-18 10:45.46 12,521 52.207 2415 2794 7.87 305.4 6.4 025 0.26
18:26:47 -

6 | 2018-06-07 18:27°55 12.712 52.079 630 295.2 6.12 1145 -556 0.23 0.25
11:27:58 -

7| 2019-04-17 11-28:40 12.666 52.03 1822  274.2 7.44 1435 -428 0.38 0.55
10:19:35 -

8 | 2019-09-21 10:20:00 12.342 51.963 1119 286.8 1.69 300.4 144 0.2 0.16
10:56:30 -

9 | 2019-09-21 10:57:22 12.554 52.172 1038 286.8 1.83 297.5 159 037 0.25




Table S2 part B

no | flight_date min(gs) max(gs) o(6) o(¥) asg 4 re Eq. 2 Cp  Period M(w) M(v)

yyyy-mm-dd ~ m/s m/s ° ° - - S m/s m/s
1|2017-08-09 28.11 33.09 0.13 032 -1.02 071 0.072 3.01 1 8.78
212022-06-14  27.17 31.82 0.09 059 -150 09 0.070 410 0.32 -951
312018-07-16  43.84 46.68 0.1 057 -1.25 0.97 0.0717 376 -1.2 -2.33
4 12018-07-18  25.07 3141 0.17 0.6 -1.40 0.98 0.070 5.17 0.26 -4.29
5|2018-07-18 36.56 40.61 015 061 -149 098 0070 541 0.15 -4.53
6 |2018-06-07 3447 3992 0.09 045 -123 086 0072 756 -0.1 253
712019-04-17  40.68 46.76  0.11 0.68 -1.72 0.97 0.069 6.01 0.53 594
812019-09-21  34.95 40.97 0.19 053 -164 0.97 0.0717 417 0.19 -0.85
912019-09-21 36.3 4144 0.1 0.61 -152 0.97 0.072 578 0.01 -0.78




Table S3: General information about the outbound and return flights (legs), including general flight information
(date, flight time, height, groundspeed, true airspeed), meteorological conditions (windspeed, wind directions, and
wind vector information), and information about the position of the aircraft (true track, heading and drift angle).
All wind parameters were calculated after calibration (using median calibration values for 2017/2018 and
2019/2022). Symbology: lon = longitude, lat = latitude; T = temperature; M = median; wspd = windspeed; wdir

= wind direction; v,s= groundspeed; v, = true airspeed; 6 = Pitch angle; ¥ = Heading,

flight date flight leg flight dist  M(lon) M(lat) M(alt) M(T) M (wspd) M(wdir) My M(Ww) M(gs) ao
time
d/mly - h:m:s km deg deg m.a.g.l. °K m/s ° ° m/s m/s -

1 |8/14/2017 Legl 11:28:20 24.11 12.897 53.888 197 2908 2.2 1951 330 -0.33 396 520
11:37:40

2 | 8/14/2017 Legl0 16:07:00 20.34 12.899 53.91 2094 277 6.1 2085 2133 0.03 26.2 551
16:16:00

3 | 8/14/2017 Legl0 16:07:00 20.34 12.899 53.91 2094 277 6.1 2085 2133 0.03 26.2 551
16:16:00

4 |8/14/2017 Legl 11:28:20 24.11 12.897 53.888 197 2908 2.2 1951 330 -0.33 396 520
11:37:40

5 |8/14/2017 Leg2 11:39:50 2391 12.897 53.888 221 2914 1.8 196.2 2135 -0.26 34.15 5.36
11:50:00

6 |8/14/2017 Leg3 11:51:00 23.95 12.897 53.89 197 2919 2.1 202.7 332 -0.24 3867 545
12:00:10

7 | 8/14/2017 Leg4 12:01:45 23.68 12.897 53.89 210 292 19 203.7 2131 -0.18 2952 548
12:12:12

8 |8/14/2017 Leg5 10:53:00 24.26 12.913 53.894 2256  278.8 5.7 2116 332 -0.04 4024 5.46
11:02:05

9 |8/14/2017 Legb 11:03:05 24.22 12.892 53.899 2272 2786 5.1 217.1 2134 0.03 3405 549
11:14:00

10 | 8/14/2017 Leg7 16:37:30 22.65 12.902 53.897 222 2924 2.7 1195 329 -0.07 3726 5.45
16:46:30

11| 8/14/2017 Leg8 16:48:45 23.07 12.901 53.894 229 293 28 83.3 213.1 0.03 39.85 5.63
16:57:45

12 | 8/14/2017 Leg9 15:57:30 22.66 1291 53.889 1916 2782 6.1 2015 329 0.07 4525 557
16:05:20

13| 8/15/2017 Legl 06:09:20 23.45 12.903 53.897 240 290.8 14.3 159.4 328 0.12 4209 5.68
06:17:40

14| 8/15/2017 Legl0 09:24:35 20.8 12.864 53.981 227 294 83 136.9 1135 -0.11 27.79 5.45
09:34:30

15| 8/15/2017 Legll 10:41:30 2254 1291 53.89 2008 283.2 8.0 2246 329 0.02 5201 547
10:48:15

16 | 8/15/2017 Legl2 10:49:40 22.16 12.888 53.894 2019 283 8.3 2264 2128 -0.02 36.12 547
10:58:50
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flight date flight leg flight dist  M(lon) M(lat) M(alt) M(T) M (wspd) M(wdir) M) M(Ww) M(gs) oo
time
d/mly - h:m:s km deg deg m.a.g.l. °K m/s ° ° m/s m/s -

17| 8/15/2017 Leg2 06:20:00 23.33 12.903 53.898 249 291 127 155.6 2130 -0.11 27.83 5.36
06:32:10

18 | 8/15/2017 Leg3 05:31:00 23.41 12.914 53.895 2133 2815 3.9 231.2 33.2 -0.05 4548 541
05:39:10

19| 8/15/2017 Leg4 05:42:00 23.03 12.891 53.898 2167 281 3.2 238.9 2129 0 40.08 5.46
05:50:55

20| 8/15/2017 Leg5 08:36:45 23.47 12.901 53.894 217 2932 8.1 139.1 332 -0.11 39.38 5.44
08:45:40

21 8/15/2017 Legb 08:47:30 23.25 12.901 53.895 218 2935 7.9 133.6 213.2 -0.08 32.12 5.45
08:57:50

22| 8/15/2017 Leg7 09:36:45 20.14 12.868 53.979 262 294 9.0 137.8 2935 -0.14 46.77 5.39
09:43:30

23 8/15/2017 Leg8 09:46:20 20.11 12.866 53.98 222 2946 8.3 138.4 1135 0 29.87 5.55
09:56:00

24| 8/15/2017 Leg9 09:15:00 20.55 12.862 53.982 216 2938 9.2 134.2 2943 -0.08 4547 542
09:21:50

25 8/29/2018 Legl 12:22:58 22.55 12.904 53.899 208 2948 6.4 139.4 2133 -0.04 3542 5.40
12:32:46

26| 8/29/2018 Leg2 12:34:35 22.37 12904 53.899 178 2952 7.3 139.5 332 -027 4131 522
12:42:50

27 8/29/2018 Leg3 12:45:56 23 12905 53.9 199 2952 6.9 133.2 213.1 -0.08 36.17 5.47
12:55:40

28| 8/29/2018 Leg4 12:57:40 22.86 12905 53.9 206 2952 7.3 134.6 33.1 003 39.77 559
13:06:10

29| 8/29/2018 Legb 13:36:00 21.63 12.915 53.901 2081 2836 7.9 205.2 321 -0.02 49.39 547
13:42:50

30| 8/29/2018 Leg7 13:44:10 20.46 12.905 53.917 2061 283.6 7.2 208.1 213.1 -0.04 35.18 5.44
13:53:00

3118/1/2019  Legl 10:59:30 9.42 12.897 53.208 187 2918 2.5 318.5 940 -0.07 36.11 557
11:03:30

3218/1/2019  Leg2 11:06:25 9.63 12.89 53.206 206 291.8 2.0 311.8 2741 -0.02 3347 561
11:10:55

3318/21/2019 Legl 11:52:00 12.85 12.905 53.202 270 291.2 6.0 275.7 2746 -0.27 2955 5.40
11:58:30

3418/21/2019 Leg2 12:02:00 14.55 12.888 53.206 263 2912 6.2 272.7 929 -0.01 39.95 5.62
12:07:30

3519/4/2019  Legl 11:03:00 29.44 12.462 50.143 352 2912 5.6 2135 158.7 0.07 2891 5.92
11:16:45

36| 9/4/2019  Legl0 12:58:35 13.96 12.473 50.136 359 2924 55 213 2520 -0.46 31.17 525

13:05:00




flight date flight leg flight dist  M(lon) M(lat) M(alt) M(T) M (wspd) M(wdir) M) M(Ww) M(gs) oo
time
d/mly - h:m:s km deg deg m.a.g.l. °K m/s ° ° m/s m/s -

3719/4/2019  Legll 13:06:35 14.53 12.472 50.136 345 2926 6.3 219.9 721 -0.09 37.79 5.77
13:12:00

38|9/4/2019  Legl2 13:13:35 1451 12.475 50.137 460 292 57 209.2 2522 -0.21 30.84 5.76
13:20:10

3919/4/2019  Legl3 13:22:30 12.43 12.461 50.16 408 292 6.1 214.3 72.1 -0.06 43.01 5.90
13:26:50

40| 9/4/2019  Legl4 13:28:45 12.42 12.461 50.16 358 2925 58 209.1 2520 -0.51 3248 5.39
13:34:30

419/4/2019  Legl5 13:36:20 13.36 12.462 50.16 412 2922 6.4 212.1 723 -0.36 42.66 5.50
13:41:10

42| 9/4/2019  Legl6 13:42:32 13.44 12.462 50.16 301 2932 5.7 207.7 2524 -052 3279 5.11
13:48:40

43|9/4/2019  Leg2 11:19:00 29.4 12.457 50.154 407 2906 6.1 199.1 339.6 -0.33 3852 5.36
11:30:15

4419/4/2019  Leg3 11:32:23 29.87 12.461 50.143 391 2908 5.4 204.8 158.7 -0.32 3127 5.44
11:45:50

459/4/2019 Leg4 11:47:55 29.78 12.456 50.156 391 291 6.3 200.3 338.7 -0.46 36.49 5.23
11:59:40

46 | 9/4/2019  Leg5 12:02:50 18.13 12.405 50.168 457 291 56 205.5 158.8 -0.08 30.59 5.77
12:11:10

47| 9/4/2019  Legb 12:13:20 18.07 12.404 50.169 395 2914 6.3 202.5 3384 -0.26 3821 5.60
12:20:30

48 |9/4/2019  Leg7 12:23:00 20 12.404 50.171 345 291.8 5.6 201.1 158.7 -0.31 30.26 5.41
12:32:45

49|9/4/2019  Leg8 12:34:05 19.8 12.406 50.165 443 2912 6.4 197.4 338.0 -0.05 38.89 5.72
12:41:34

50| 9/4/2019  Leg9 12:51:40 13.77 12.47 50.135 461 2914 6.3 214 720 01 38.86 6.22
12:56:50

5119/5/2019 Legl 09:29:00 28.33 12.464 50.144 566 286 7.2 287.4 158.6 0.13 39 6.01
09:40:00

5219/5/2019  Legl0 11:26:36 14.41 12.472 50.134 460 287.8 6.8 281.3 2523 -0.23 27.92 5.60
11:34:30

5319/5/2019  Legll 11:36:20 14.09 12.482 50.137 490 2878 7.4 277.7 723 -0.16 4201 5.92
11:41:20

5419/5/2019 Legl2 11:43:10 14.11 12.479 50.136 441 2882 7.3 277.9 252.1 -0.23 30.21 5.69
11:50:20

5519/5/2019  Legl13 11:52:40 1291 12.468 50.156 448 288 8.2 273.4 722 -049 4128 5.34
11:57:30

56 | 9/5/2019  Legl4 11:59:05 12.98 12.468 50.156 377 288.6 6.7 275.2 2524 -0.35 29.26 5.56
12:05:40

5719/5/2019  Legl5 12:07:35 13.16 12.46 50.153 382 2886 7.2 278.2 721 -052 39.85 5.11
12:12:40

581 9/5/2019 Legl6 12:14:15 13.05 12.462 50.154 289 289.4 6.2 279.6 2520 -0.24 3142 551
12:20:40




flight date flight leg flight dist  M(lon) M(lat) M(alt) M(T) M (wspd) M(wdir) M) M(Ww) M(gs) oo
time
d/mly - h:m:s km deg deg m.a.g.l. °K m/s ° ° m/s m/s -

5919/5/2019  Leg2 09:42:08 28.66 12.463 50.146 556 286 7.0 277 338.6 -0.11 32.13 5.83
09:55:05

60| 9/5/2019  Leg3 09:57:10 29.34 12.465 50.142 533 286.5 6.5 278 158.7 -0.16 36.7 5.80
10:09:00

61]9/5/2019 Leg4 10:11:23 29.48 12.461 50.152 498 287 6.9 2748 3385 -0.1 3155 5.86
10:24:55

621 9/5/2019  Leg5 10:29:00 20.36 12.409 50.164 477 287 1.7 282.4 158.4 -0.22 36.82 5.73
10:37:10

63]9/5/2019  Legb 10:38:35 20.32 12.408 50.169 489 287 7.1 279.1  338.2 -0.33 27.54 557
10:48:30

6419/5/2019  Leg7 10:49:40 19.48 12.406 50.173 540 286.8 6.7 280.3 158.4 -0.01 37.24 6.19
10:57:37

6519/5/2019  Leg8 11:00:15 19.51 12.408 50.169 525 286.8 6.2 280.9  338.7 -0.14 27.64 5.92
11:09:20

66 | 9/5/2019  Leg9 11:18:30 142 12.469 50.133 543 287 7.6 280.2 721 -0.07 36.02 5091
11:23:50

67 |5/4/2022  Legl 12:23:15 4.04 12504 5211 760 2846 3.9 1481 747 067 3624 7.01
12:25:00

68 | 5/4/2022  Leg2 12:26:00 2.86 12.522 52.122 804 2836 3.8 139.3  265.3 -0.17 39.07 5.32
12:27:10

69 | 6/14/2022 Legl 10:05:23 3.02 13.483 53.364 2384  273.2 135 315.1 575 0.04 30.72 557
10:06:45

70| 6/14/2022 Leg2 10:07:05 3.12 13.479 53.366 2418 273.2 132 3215 237.3 0.15 39.89 571
10:08:20

7116/15/2022 Legl 10:11:00 23 12.901 53.892 174 289.5 4.0 277.7 2132 0.06 32.09 5.72
10:21:30

72| 6/15/2022 Leg2 10:24:00 21.58 12.887 53.874 170 2895 2.6 263.1 333 -0.05 3146 542
10:33:30

73| 6/15/2022 Leg3 13:48:10 23.13 13.284 53.882 244 2906 3.5 318.8 197.3 0.07 3328 5.74
13:58:00

741 6/15/2022 Leg4 14:00:40 22.67 13.281 53.874 247 2906 2.3 280.2 174 0.2 34.87 5.90
14:10:30

75| 6/15/2022 Leg5 14:22:15 25.22 12916 53.884 249 2906 3.1 337.7 2130 026 34.78 6.05
14:32:30

76 | 6/15/2022 Leg6 14:35:00 23.33 12.913 53.88 239 2908 2.3 3279 333 -0.08 26.76 5.39
14:46:30




70 Table S4: General information about the difference in flight conditions between the outbound and return flights
(legs). A values in this table indicate the absolute difference in median conditions between the unbound and the
return flight. Symbology: lon = longitude, lat = latitude; T = temperature, M = median; wspd = windspeed; alt =

altitude; wdir = wind direction, y = heading.

legl leg2 flight date A(time) A(alt) A(T) A(wspd) A(wdir) A(P)

- - m/d/lyyyy S m.a.g.l. °K m/s ° °
1 |Legl Leg2 8/14/2017 50 27.56 0.6 0.3 1.1 -0.2
2 |Leg3 Leg4 8/14/2017 77 18.79 0.06 0.2 1 0.1
3 |Legb Leg6 8/14/2017 110 14.67 0.1 0.6 55 -3.1
4 |Leg7 Leg8 8/14/2017 O 7.46 0.6 0.2 36.2 5.4
5 |Leg9 Legl0 8/14/2017 70 171.62 1.3 0.0 7 -0.6
6 |Legl Leg2 8/15/2017 230 18.27 0.24 1.6 3.8 22.0
7 |Leg3 Leg4 8/15/2017 45 48.99 0.6 0.6 7.7 -5.4
8 |Legb Leg6 8/15/2017 85 3.29 0.3 0.2 55 19.5
9 |Leg7 Leg8 8/15/2017 175 40.4 0.7 0.7 0.6 4.8
10 {Leg9 Legl0 8/15/2017 185 9.84 0.2 1.0 2.7 3.0
11 |Legll Legl2 8/15/2017 145 13.8 0.1 0.2 1.8 -8.6
12 |Legl Leg2 8/29/2018 93 27.3 0.4 0.9 0.1 17.6
13 |Leg3 Leg4 8/29/2018 74 2.92 0 0.3 1.4 16.1
14 |Leg6b Leg7 8/29/2018 120 8.76 0 0.7 2.9 -2.4
15 |Legl Leg2 8/1/2019 30 12.94 0 0.5 6.7 -2.8
16 {Legl Leg2 8/21/2019 60 8.97 0.1 0.1 3 2.7
17 |Legl Leg2 9/4/2019 150 61.25 0.5 0.5 14.4 7.6
18 |Leg3 Leg4 9/4/2019 102 18.64 0.2 0.8 4.5 8.1
19 |Leg5 Legb 9/4/2019 70 59.68 0.4 0.7 3 9.9
20 |Leg7 Leg8  9/4/2019 136 120.79 0.7 0.9 3.7 9.8
21 |Leg9 LeglO0 9/4/2019 75 116.71 1 0.8 1 7.2
22 |Legll Legl2 9/4/2019 70 111.05 0.7 0.6 10.7 6.0
23 |Legl3 Legl4 9/4/2019 85 52.29 0.5 0.4 5.2 5.2
24 |Legl5 Legl6 9/4/2019 78 122.64 0.9 0.7 4.4 6.8
25 |Legl Leg2 9/5/2019 117 19.62 0.1 0.3 10.4 17.0
26 |Leg3 Leg4 9/5/2019 102 46.7 0.4 0.4 3.2 16.7
27 |Leg5 Leg6  9/5/2019 105 19.36 0.1 0.7 3.3 20.0
28 |Leg7 Leg8 9/5/2019 68 12.41 0.1 0.5 0.6 16.4
29 |Leg9 Legl0 9/5/2019 154 75.39 0.7 0.8 1.1 -13.8
30 |Legll Legl2 9/5/2019 130 45.45 0.4 0.1 0.2 -11.8

10



75

legl leg2 flight_date A(time) A(alt) A(T) A(wspd) Awdir) A(P)

- - m/d/lyyyy S m.a.g.l. °K m/s ° °
31 |Legl3 Legl4 9/5/2019 105 69.86 0.7 1.4 1.8 -12.1
32 |Legl5 Legl6 9/5/2019 80 96.55 0.8 1.0 1.4 -10.5
33 |Legl Leg2 5/4/2022 35 46.8 1 0.1 8.8 -5.7
34 |Legl Leg2 6/14/2022 7 26.56 0 0.3 6.4 -36.9
35 |Legl Leg2 6/15/2022 60 1.87 0 1.4 14.6 9.3
36 |Leg3 Leg4 6/15/2022 O 1.64 0 1.2 38.6 49
37 |Legb Leg6 6/15/2022 75 17.73 0.2 0.8 9.8 35

11



Table S5: General information about the performed pitching maneuvers, including general flight information (date,
time height, groundspeed, true airspeed), meteorological conditions (windspeed, wind directions, and wind vector
80 information) and the obtained calibration parameters for C,. All wind parameters were calculated after calibration
(using average calibration values for 2017/2018 and 2019 - and not with the parameters in the last column).
Symbology: lon = longitude, lat = latitude; T = temperature; M = median; wspd = windspeed; wdir = wind

direction; v,s= groundspeed; v.4s = true airspeed; 6 = Pitch angle; C, = calibration value for alpha angle.

85 Table S5 part A

Flight Flight . . . .
Date Time time distance M(lon) M(lat) M(height) M(T) M(wspd) M(wdir)
- hh:mm:ss s km deg deg m.a.s.l. °K m/s m/s
1 18/9/2017 ggggg 62 1.73 12.559 52.125 2595.3 279.4 14.39 227.5
2 |7/18/2018 10540515_ 82 2.36 1248 52171 22744 280.4 8.8 297.1
10:41:37
10:43:31 -
3|7/18/2018 o 62 2.74 12.474 52.191 2363.8 279.8 8.66 301.3
10:44:33
18:24:50 -
416/7/2018 18:26:17 87 2.58 12.665 52.081 650 295 6.26 114.6
10:15:16 -
519/21/2019 10:17-39 143 5.56 12.24 51948 1036 286.8 0.92 308.4
6|o/212019 199432- gg 933 12543 52136 10349 287 149 3003
10:55:40
10:01:30 -
7 1 6/14/2022 10:03-20 110 3.07 13.439 53.314 22244 2744 12.24 319.2

Table S5 part B

E!?Qt M(u) M(v) period MW) ow)  M(g) min(0) max(® Ca

- m/s m/s - m/s m/s ° ° -
1|8/9/2017 10,51 9.7 89 115 025 283 201 839 0.090
2|7/18/2018 7.93 41 164 002 024 282 273 1708  0.105
3|7/18/2018 7.37 45 124 038 017 435 28 203 0.091
4|6/7/2018  -5.73 26 145 011 027 290 215 1283  0.093
519/21/2019 0.72 06 110 012 015 389 286 1718  0.093
69/21/2019 1.13 08 136 014 019 329 305 2357  0.090
7161412022 7.98 93 183 025 023 277 206 1555  0.131

90
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Supplement S2: Vertical Flight Profiles

During several flights, vertical flight profiles were flown to determine the height of the atmospheric
boundary layer. Here, we show four vertical profiles flown during two flights over Northeast Germany
(flight dates: 29" of August 2018 and 21% of August 2019). Abrupt changes in atmospheric chemistry and

potential temperature indicate the border of the atmospheric boundary layer.
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Figure S1: First vertical flight profile flown on the 29" of August 2018, close to Demmin, Germany
(Mecklenburg-Vorpommern). This profile was flown to determine the height of the atmospheric boundary
layer, which is defined by abrupt changes in CH4, H20O and potential Temperature. Grey dots indicate
measured variability in concentrations/ temperature at a specific height whereas black lines indicate
height averaged concentrations/ temperature. The y-axis represents the measurement height (altitude)

above ground level.
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Figure S2: Second vertical flight profile flown on the 29" of August 2018, close to Demmin, Germany.
110 This profile was flown to determine the height of the atmospheric boundary layer, which is defined by
abrupt changes in CHs, H2O and potential Temperature. Grey dots indicate measured variability in
concentrations/ temperature at a specific height whereas black lines indicate height averaged

concentrations/ temperature. The y-axis represents the measurement height (altitude) above ground level.

115

14



2500 2500 1 25004

2000 2000 4 2000 4

1500 1500 15004

Height [m
Height [m]
Height [m

1000 1000 4 10004

500 500 500 -

292 294 206 208 1.98 1.08 2.00 202 0.2 0.4 0.6 0.8
Tpot[K] CHA4 [ppm] H20 [ppm)

Figure S3: First vertical flight profile flown on the 21 of August 2019, close to the Mritz national park
in Germany. This profile was flown to determine the height of the atmospheric boundary layer, which is
120 defined by abrupt changes in CHs, H2O and potential Temperature. Grey dots indicate measured
variability in concentrations/ temperature at a specific height whereas black lines indicate height averaged

concentrations/ temperature. The y-axis represents the measurement height (altitude) above ground level.
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Figure S4: Second vertical flight profile flown on the 21% of August 2019, close to the Mritz national
park in Germany. This profile was flown to determine the height of the atmospheric boundary layer,
which is defined by abrupt changes in CHa4, H20 and potential Temperature. Grey dots indicate measured
variability in concentrations/ temperature at a specific height whereas black lines indicate height averaged
concentrations/ temperature. The y-axis represents the measurement height (altitude) above ground level.
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Supplement S3: Cospectra and Ogives

To evaluate whether fluxes were affected by the noise in the atmospheric CO,, CHs4 and H;O
concentration and temperature data, stacked cospectra and ogives were calculated for flight legs on the
29" of August 2018 and 21% of August 2019 (Figure S4). Here, the shape of the cospectra clearly indicates

that the calculated fluxes are not affected by the noise in the temperature and chemistry data.
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Figure S5: Global cospectra and ogives (dotted lines) for flight legs of the 29th of August 2018 and 21st
of August 2019. Cospectra for all four fluxes (sensible heat, latent heat, methane and carbon dioxide)
were obtained by calculating the integral over the x-axis over the wavelet cross-scalogram and ogives
were calculated by accumulating the covariance over the difference scales (ogive). In total 11 flight legs
were used for the calculation of the cospectra, for the sensible heat flux cospectra, only 6 legs were

available as the fast temperature sensor was only installed in 2019).
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