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Abstract This study assesses the quality of the total column ozone (TCO) data from five
reanalysis datasets against nine independent observation in East Asia. The assessed datasets are
the ECMWF Interim reanalysis (ERAI), Monitoring Atmosphere Composition and Climate
reanalysis (MACC), Copernicus Atmosphere Monitoring Service reanalysis (CAMS), the NASA
Modern-Era Retrospective analysis for Research and Applications, Version2 (MERRA?2), and
NCEP Climate Forecast System Reanalysis (CFSR). All datasets reasonably well capture the
spatial distribution, annual cycle and interannual variability of TCO in East Asia. In particular,
characteristics of TCO according to the latitude difference were similar at all points with a maxi-
mum bias of less than about 4%. Among them, CAMS and CFSR show the smallest mean bias
and root-mean square error across all nine ground-based observations. This result indicates that
while TCO data in modern reanalyses are reasonably good, CAMS and CFSR TCO data are the
best for analysing the spatio-temporal variability and change of TCO in East Asia.
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Table 1. List of TCO stations in East Asia. Periods in brackets indicate missing period.
Korea China Japan
Station SEO POH LFS XIA KUN SAP TKB NAH MNM
name (Seoul) (Pohang) (Longfengshan) (Xianghe) (Kunming) (Sapporo) (Tateno) (Naha) (Minamitorishima)
L?ﬁgu)de 37.57 36.03 44.75 39.98 25.03 43.05 36.1 262 2429
L(()%dee 12695 12938 127.60 11637 10268 14133 1401 1277 153.98
Observation 1984.05- 1994.01- 1993.07- 1979.01-  1980.01- 1958.02- 1957.06- 1974.04- 1958.01-
period 2018.12  2013.12 2016.12 2018.03 2014.12 2018.01 2018.01 2018.01 2016.10
(2009.09- (1963.07-
2012.12) 1996.12)
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Table 2. List of reanalysis datasets used in this study.
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Reanalysis Institution Spatial resolution Record period Reference

ERAI ECMWF 1.5° x 1.5° 1979.01-present Dee et al. (2011)
MACC ECMWF 1.5° x 1.5° 2003.01-2012.12 Innes et al. (2013)
CAMS ECMWF 1.5° x 1.5° 2003.01-2017.12 Innes et al. (2019)
MERRA?2 NASA 0.5° x 0.625° 1980.01-present Gelaro et al. (2017)
CFSR & CFSv2 NCEP 2.5°x2.5° 1979.01-2010.12 Saha et al. (2010, 2014)

2011.01-present
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and Climate Reanalysis (MACC; Inness et al., 2013),
Copernicus Atmosphere Monitoring Service Reanalysis
(CAMS; Inness et al., 2019), Modern-Era Retrospective
analysis for Research and Applications version 2
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Fig. 1. Time-series of annual-mean TCO from ground-based observation (black), ERAI (green), MACC (orange), CAMS
(yellow), MERRA2 (blue), and CFSR (pink) for each station. Gray shading indicates the reference period of 2003~2012. Note
that the range of y-axis differs from top to bottom rows: top (315~395 DU), middle (275~355 DU), and bottom (235~315 DU).
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Fig. 2. Climatology of TCO over East Asia from the five reanalysis datasets. The observation at each station, for the period of
2003~2012, is shown in colored circle.
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Fig. 3. Same as Fig. 2 but for interannual variability.

Table 3. Annual mean percent difference and RMSE of reanalysis TCO against observation. Unit is percent (%). RMSE is

2
computed as /\/ ]—IVZf»\LI(T COfEA — T COiOBS) /TCO?®5 %100 where i and N denote each year of annual mean and number of

the entire year, respectively.

ERAI MACC CAMS MERRA2 CFSR

Diff. RMSE Dift. RMSE Diff. RMSE Dift. RMSE Diff. RMSE
LFS -1.20 1.66 1.22 1.88 0.13 0.99 —4.01 1.23 0.79 137
SAP 0.05 1.00 2.57 2.65 137 1.42 0.36 0.91 1.60 1.70
XIA -3.42 3.51 —-0.28 0.76 -1.32 1.38 -2.89 3.04 -1.12 1.18
SEO -2.72 2.68 1.01 1.62 —-0.1 0.48 -1.79 1.55 0.06 0.88
TKB -2.72 2.99 0.93 1.3 -0.43 0.65 -1.85 1.95 -0.19 0.37
POH -1.87 3.01 1.96 1.72 0.69 1.02 -1.02 243 0.88 0.88
NAH -1.47 1.99 1.64 1.94 -0.21 0.55 -1.60 1.67 -0.47 0.93
KUN -1.41 2.84 1.32 1.72 -0.57 1.29 —-1.65 2.13 -0.39 0.68
MNM 0.25 1.68 2.74 3.21 0.87 1.23 0.24 1.02 0.97 1.42
All -1.61 2.37 1.46 1.87 0.05 1.00 -1.58 1.77 0.24 1.05

HE @g welt Aol EAlsdt ot 2008dF 4 AA)E Yol Ao go] WS wol

H MLS 914 #A59 HAx} HAS a1A] edobx] LAY 9+ LFS, SAPS} MNMA| ol X & #A=3}e] Hxprt 2
S 7FsAlo] UH(Inness et al., 2013). MERRA2(3} Utk 2 9] AYELS CAMS=TA] 2X)92l CFSR
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Fig. 4. Percent difference of annual-mean TCO between observation and reanalysis datasets for the period of 2003~2012. The
percent difference (shown in %) is computed as (TCO™! — TCO”*S)/TCO” x 100 where superscripts REA and OBS denote
reanalysis and observation, respectively.
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Fig. 5. Latitude-month cross section of zonal mean total

7FsAle] AthkBai et al, 2017). CAMSE #= A&
o} 71 frAkeh Ao =3 1 o 2= CFSR
o] fAke Aoz vhtE)

column ozone for CAMS. White dashed line denotes the
latitude for each station (latitudes of TKB and POH are
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