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Section S1. The metrics for validation and comparison

Multiple metrics were used to indicate the agreement and differences between the TOST (use y
here) and ozonesonde/aircraft data (use x here).

1. Correlation Coefficient (R, unitless):
R = _ZEi—D0i-)
VE@i-D2Ei=)7
2. Linear fitting coefficient (m, unitless), with the intercept set to 0:
m = 2(xiy:)
2(x:%)

where X and y is the mean of the x and y variables, respectively.

3. Bias (in ppb):

1
Bias = EZ(%’ = ¥i)
4. Relative Difference (RD, in %):
RD =100 x %, if comparing with ozonesonde data x

RD =100 x H’L, if comparing with satellite data x
2 (xi+yi)

5. Root Mean Square Difference (RMSD, in ppb):

1
RMSD = |~ (x; = o)

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 those 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) -100 426 789 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 13.2 32 2006 2006 27
199 Barrow -156.6 71.3 11 1974 2008 21
104 Bedford -71.3 42.5 80 1970 1971 53
/ Beijing 116.5 39.8 30 2001 2019 902
/ Belgrano -34.6 -779 250 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
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53  Uccle 43 50.8 100 1970 2021 6352
339 Ushuaia -68.3 -549 17 2008 2019 227

318 Valentia -10.2 519 14 1994 2021 745
490 Valparaiso (in) -87 41.5 240 2006 2006 18
257 Vanscoy -107.3 522 510 1990 2004 57
55  VignaDi Valle 122 42.1 260 2011 2021 172
107 Wallops Island -75.5 379 13 1970 2020 2113
482 Walsingham -80.6 42.6 200 2006 2006 43
437 Watukosek (Java) 1127 -7.6 50 1998 2021 357
458 Yarmouth -66.1 43.9 9 2003 2021 794
194  Yorkton -102.5 513 504 1975 1978 72

Table S2. Information on the airports from In-Service Aircraft for a Global Observing System
(IAGOS) used (310 in total), including each airport’s name, measurement period and the number

of flights used.

Airport name Start year End year Number of flights
ABIDJAN 1997 2017 145
ABU-DHABI 1999 2017 148
ABUJA 2003 2021 135
ACCRA 2000 2018 94
ADDIS-ABABA 2001 2019 206
ADELAIDE 2013 2015 9
AGADIR 2001 2001 1
AKITA 2013 2013 1
ALGHERO 2018 2018 1
ALMATY 1999 2020 169
ALMERIA 2002 2002 1
AMMAN 2006 2020 5
AMSTERDAM 1995 2016 175
ANGELES-CITY 2015 2015 1
ANKARA 1997 1997 1
ANTALYA 1996 2006 29
ANTANANARIVO 1997 2018 57
ANTIGUA 1994 1995 16
APIA 2018 2018 6
ASHGABAT 2001 2013 32
ASMARA 2002 2012 18
ASTANA 2006 2020 141
ATHENS 1997 2017 8
ATLANTA 1994 2020 1292
AUCKLAND 2016 2020 70
AUSTIN 2019 2020 16
BAHRAIN 2007 2021 183
BAKU 2001 2013 49
BALTIMORE 2006 2006 1
BAMAKO 2013 2017 89
BAMENDA 2018 2018 1
BANGALORE 2015 2021 24
BANGKOK 1994 2020 1108
BANJUL 1997 1997 1
BARCELONA 2016 2016 1
BEIJING 1995 2018 642

BEIRUT 1998 2018 74
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2017
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2014
2017
2011
1994
1998
2013
2013
1999
2014
2001
1998
2013
2014
2001
2002
2003
2016
1995
2018
1995
2012
2015
1994
1994
2003
1996
2006
1994
1999
2002
1994
2013
1996
2017
1994
2014
1994
2014
2000
2004
1994
1996
2017
1994
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SAPPORO
SEATTLE
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2013
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2012
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2019
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2015
2020
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2020
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2018
2018
2018
2016
2013
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Table S3. Validation of the trajectory-derived (TOST) against ozonesonde measurement by decade from the 1980s to 2010s. The
validation of SAGE and MLS ozone in the corresponding decade is provided as a comparison. Note that only ozone profiles from 16-
26 km are compared in this table.

1980s 1990s 2000s 2010s
TOST SAGE TOST SAGE TOST MLS TOST MLS
R 0.96 0.96 0.96 0.96 0.96 0.96 0.97 0.97
RMSD (ppb) 449 47 469.31 486.00 45540 485.18 49421 448.89 461.02
Bias (ppb) 13.75 -39.73 41.82 27.73 12.37 107.47 0.15 98.77
RD (%) 0.51 -1.48 1.56 1.03 0.50 441 0.01 3.96
N 2629 2629 6717 6717 30366 30366 47904 47904

Table S4. Comparisons of data coverage, number of ozonesonde stations and ozonesonde profiles between TOST-v1 and TOST-v2.

Data coverage (%) 90°-60°S 60°-30°S 30°S-30°N 30°-60°N 60°-90°N
TOST-v1 53.57 + 14.06 39.61 =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
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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 ppb and 50-150 ppb. 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 ppb], RD is the relative difference
in % [100 x (Traj-Derived ozone - Sonde-Observed ozone)/ Sonde-Observed ozone)], and
RMSD is the root mean square difference in ppb). 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 O; 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. Radar plot for RMSD of TOST Traj-derived and satellite ozone data against
ozonesonde measurements at different latitudinal zones. (a) the RMSD for Traj-derived and
SAGE ozone in the 1990s; (b) the RMSD for Traj-derived and MLS ozone in the 2010s. The
RMSD 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 km in that latitudinal zone.
Traj-derived ozone is without the input of stations being tested.
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Figure S4. The mean relative difference in data coverage between TOST-v1 and TOST-v2 [100
x (TOST-v2 data coverage — TOST-v1 data coverage)/TOST-v1 data coverage (in %)] for four
decades from 1970-2008. The surface 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 S5. (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. Error bar represents the mean + standard deviation of the monthly mean
ozone concentrations in this decade.



