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Table S1. Information on the ozonesonde stations used, including each station’s ID number, name,
locations, the number of profiles used, and measurement period. The stations in bold fonts are the
stations showing a drop-off of 2-8% in the stratospheric ozone and total ozone column since 2013.
The Beijing station is named the Nanjiao Meteorological Observatory.

ID Station name Longitude Latitude Altitude Start- End- No.
year year profiles
255 Ainsworth (Airport) -100 42.6 789 1986 1986 7
494 Alajuela -84.2 10 899 2005 2009 133
229  Albrook -79.5 9 66 1980 1980 20
18  Alert -62.3 82.5 62 1987 2021 1650
111  Amundsen-scott -24.8 -90 2810 1970 1987 183
348 Ankara 329 40 891 1994 2012 340
328 Ascension Island -14.2 -7.6 91 1990 2021 905
483 Barbados -594 132 32 2006 2006 27
199 Barrow -156.6 713 11 1974 2008 21
104 Bedford -71.3 425 80 1970 1971 53
/ Beijing 116.5 398 30 2001 2019 902
/ Belgrano -34.6 -77.9 250 2016 2021 119
420 Beltsville (md) -76.5 39 72 2006 2006 12
181 Berlin/Templehof 134 52.5 50 1970 1973 134
197 Biscarrosse/Sms -1.2 44 .4 18 1976 1983 359
525 Bogota -74 .1 4.7 2541 1998 2008 64
67 Boulder Esrl Hq (co) -105.2 399 1743 1970 2022 1976
338 Bratts Lake -104.7 50.2 580 2003 2011 405
329 Brazzaville 152 -43 314 1990 1992 82
394 Broadmeadows 1449 -37.7 110 1999 2021 1075
38 Cagliari/Elmas 9.1 392 4 1970 1980 379
20 Caribou -68 46.9 192 1981 1981 1
444  Cheju 126.5 335 300 2001 2001 13
224 Chilca -76.8 -12.5 -1 1975 1975 3
77  Churchill -94.1 58.8 35 1973 2021 1748
198 Cold Lake -110 54.8 702 1977 1981 66
236 Coolidge Field -61.8 17.3 10 1976 1976 7
472  Cotonou 22 6.2 9.5 2005 2007 97
334 Cuiaba -56.1 -15.6 990 1992 1992 21
450 Davis 78 -68.6 14 2003 2019 501
316 De Bilt 52 52.1 4 1992 2021 1528
238 Denver -104.9 398 1611 1977 1977 1
/ Dumont 140 -66.4 20 1991 2019 704
441 Easter Island -1094 272 69.2 1995 2021 323
456 Egbert -79.8 4472 251 2003 2011 372
213 El Arenosillo -6.7 37.1 41 1977 1983 18
335 Etosha Pan 159 -19.2 1100 1992 1992 16
315 Eureka -86.4 80 10 1992 2021 1911
203 Ft. Sherman -80 93 57 1977 1977 16
228 Gimli -97 50.6 228 1980 1985 31
76  Goose Bay -60.3 533 44 1970 2021 2317
237 Great Falls -111.3 475 1118 1977 1977 4
330 Hanoi 105.8 21 6 2004 2021 350
40  Haute provence 5.7 439 684 1981 1997 61
477 Heredia -84.1 10 1176 2005 2011 127
109 Hilo (hi) -1551 19.7 11 1982 2021 1742
92  Hobart 147.5 -42.8 4 2021 2021 1
99  Hohenpeissenberg 11 47.8 976 1970 2021 6058
361 Holtville (ca) -1154 32.8 -19 2006 2006 13
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Table S2. Validation of the trajectory-derived (TOST) against ozonesonde measurement in two seasons (JJA: June-July-August, DJF:
December-January-February) by decade from the 1980s to 2010s (in red text). The validation of SAGE and MLS ozone in the
corresponding decade is provided as a comparison (in blue text).

1980s JJA 1980s DJF 1990s JJA 1990s DJF
TOST SAGE TOST SAGE TOST SAGE TOST SAGE
R 0.97 0.97 0.97 0.95 0.97 0.98 0.96 0.96
RMS 359.79 357.71 436.99 569.58 381.08 335.68 522.18 509.68
Bias -26.80 -47.01 -19.46 -115.93 1.09 11.74 58.95 3.33
RD -1.16 -2.04 -0.64 -3.81 0.05 0.52 2.04 0.11
N 271 271 779 779 1494 1494 1920 1920
2000s JJA 2000s DJF 2010s JJA 2010s DJF
TOST MLS TOST MLS TOST MLS TOST MLS
R 0.96 0.96 0.96 0.96 0.96 0.95 0.97 0.97
RMS 470.80 566.49 516.80 495.71 474.20 575.47 446.90 449 48
Bias 10.23 249.18 1.68 -18.40 -7.92 258.47 0.96 -43.47
RD 0.44 10.93 0.06 -0.69 -0.34 11.33 0.03 -1.59
N 7460 7460 7661 7661 11432 11432 12133 12133

Table S3. Comparisons of data coverage, number of ozonesonde stations and ozonesonde profiles between TOST-v1 and TOST-v2.

Data coverage (%) 90-60S 60-30S 30S-30N 30-60N 60-90N
TOST-v1 53.57 + 14.06 3961 =15.75 2426 +13.73 78.44 + 18.75 62.61 +12.70
TOST-v2 5740 = 15.36 4412+ 1742 28.00 + 16.34 80.98 +18.10 64.24 + 13.36

Ozonesonde stations
TOST-v1 8 4 32 46 10
TOST-v2 12 6 48 64 13

Ozonesonde profiles

TOST-v1 3764 2216 6363 32779 4765

TOST-v2 10176 4785 17934 54432 13630




(e) Ozone (ppbv): Forward, 2000, Jan, 3-4 km
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(d) Ozone (ppbv): Backward, 2000, Jul, 19-20 km
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Figure S1. (a-d) Global distribution of monthly mean ozone at 3-4 km and 19-20 km in January
and July 2020 from forward trajectories. (e-h) same as (a-d) but for backward trajectories. (i-1) the
relative difference in monthly mean ozone between forward and backward trajectories [100 X
(forward trajectories - backward trajectories) / (0.5 x forward trajectories + 0.5 x backward

trajectories), in %].
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Figure S2. (a-c) Comparison of monthly average tropospheric ozone mixing ratios from
ozonesondes (Sonde-Observed) and trajectory-derived TOST data with trajectories from
observations only in the troposphere (Traj-Derived, tropospheric-only) for the entire study
period of ozone concentration at 0-50 ppbv and 50-150 ppbv. Solid red lines represent the linear
fitting line (with the intercept set to 0) and dashed black lines denote the 1:1 axis. N is the total
number of data points, R is the correlation coefficient, Bias is the overall average difference in
monthly mean values [Traj-Derived ozone - Sonde-Observed ozone, in ppbv], RD is the relative
difference in % [100 x (Traj-Derived ozone - Sonde-Observed ozone)/ Sonde-Observed ozone)],
and RMS is the root mean square difference in ppbv). Note that Traj-Derived ozone at each station
is derived without input from the station itself; that is, Traj-Derived represents an ensemble of 141
separate computations of TOST, each one withholding a single validation station. (d) the R (bars),
RD (dots and lines) and linear fitting coefficient (with the intercept set to 0; triangles) between the
Traj-Derived ozone and Sonde-Observed ozone by decade. The dashed line denotes where the
linear fitting coefficient is 1.
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Figure S3. The comparison of monthly ozone mixing ratios between IAGOS-observed (x-axis
labeled: IAGOS-Observed) and TOST data (y-axis labelled: TOST) by decade (a-c) and for the
entire study period (d) of ozone concentration at 50-150 ppbv. Solid red lines represent the linear
fitting line (with the intercept set to 0) and dashed black lines denote the 1:1 axis. N is the total
number of data points, R is the correlation coefficient (unitless), Bias is the difference in monthly
mean values [TOST ozone - IAGOS ozone, unit: ppbv], RD is the relative difference [100 x
(TOST ozone - IAGOS ozone)/(0.5 x TOST ozone + 0.5 x IAGOS ozone)], and RMS the root
mean square difference (unit: ppbv).



(a) RMSE (ppbv) of SAGE and TOST in 1990s
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Figure S4. Radar plot for RMSE of TOST Traj-derived and satellite ozone data against ozonesonde
measurements at different latitudinal zones. (a) the RMSE for Traj-derived and SAGE ozone in
the 1990s; (b) the RMSE for Traj-derived and MLS ozone in the 2010s. The RMSE in a given
latitudinal zone is from the monthly ozone mixing ratios between the Traj-derived (or satellite)
ozone and ozonesonde measurement in 16-26 in that latitudinal zone. Traj-derived ozone is
without the input of stations being tested.
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Figure S5. Similar to Figure 2a-c, comparisons in monthly ozone mixing ratios between
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DIJF in the stratosphere from 16-26 km by decades, in the 1980s and 1990s for SAGE and in the
2000s and 2010s for MLS.
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Figure S6. The mean relative difference in data coverage between TOST-v1 and TOST-v2 [100 x
(TOST-v2 data coverage — TOST-vl data coverage)/TOST-vl data coverage (in %)] for four
decades from 1970-2008. The suface layer (0-1 km) is not compared here due to the topography
issue with TOST-v1 (see Figure 9 and Section 3.3 for details).
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Figure S7. (a) The global topographical map. The dashed circles indicate the regions with large
spatial differences between the two versions of TOST data (v1 and v2) at 0-1 km. (b, ¢) The mean
ozone concentrations at 0-1 km and 19-20 km in the 2000s at two stations for ozonesonde, TOST-
v2 and TOST-v1.



