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Evaluation of the Troposphere Ozone in the Reanalysis Datasets:

Comparison with Pohang Ozonesonde Observation
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Abstract The quality of troposphere ozone in three reanalysis datasets is evaluated with long-
term ozonesonde measurement at Pohang, South Korea. The Monitoring Atmospheric Composi-
tion and Climate (MACC), European Centre for Medium-Range Weather Forecasts Interim
Reanalysis (ERAI) and Modern Era Retrospective-Analysis for Research and Applications ver-
sion 2 (MERRA?) are particularly examined in terms of the vertical ozone structure, seasonality
and long-term trend in the lower troposphere. It turns out that MACC shows the smallest biases
in the ozone profile, and has realistic seasonality of lower-tropospheric ozone concentration with
a maximum ozone mixing ratio in spring and early summer and minimum in winter. MERRA2
also shows reasonably small biases. However, ERAI exhibits significant biases with substan-
tially lower ozone mixing ratio in most seasons, except in mid summer, than the observation. It
even fails to reproduce the seasonal cycle of lower-tropospheric ozone concentration. This result
suggests that great caution is needed when analyzing tropospheric ozone using ERAI data. It is
further found that, although not statistically significant, all datasets consistently show a decreas-
ing trend of 850-hPa ozone concentration since 2003 as in the observation.
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Table 1. Summary of reanalyses.

MACC ERAI MERRA2
System ECMWEF Integrated Forecast ECMWF Integrated Forecast Goddard Earth Observing System
System (IFS) System (IFS) (GEOS)
Resolution T255, 160 T255, L60 0.5° x 0.625°, L72
Reference Inness et al. (2013) Dee et al. (2011) Gelaro et al. (2017)
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Fig. 1. Time series of monthly-mean ozone mixing ratio bias
(in %) as a function of pressure: (top) MACC, (middle) ERAI
and (bottom) MERRA2. Grey shading denotes missing
values.

O,

O] FoX|A] kol ¥ Fapke ALte] &t
o] %7+ MERRA2 1000 hPa®] missing %
o=z #71sA Zk FollAl e Oﬂﬁé& 2 A
}~ Table 20 YERSITE. BE A4 =}
Z A5 HT B3 0F Tt L‘rE‘rL‘rftl, =
MACCE EE F3 4 717kl thall H+ -1.9%
o] A5 UEhlo] 71 2 9AE BT W
22+= ERAIGIA ZA YEeR=H], 53] 700 hPa ©]
sle] 74 s 1~399 LA7F —-50% o4z 7t
Z 374 JePdti(Table 2). ERAIS] 917 2 &L 4
o ¥ 2] (Cariolle and Teyssedre, 2007)2 53 %

=
2 o 1 o o
go N,
of Y
\

> Al

bl ok off
r:i Po

[¢}
d

O

o2

¢

7] wjie] g AEA ARt F oaE Jehd
ZoF Bl MERRA2L RE 23 84 7170

2

3] AmrRo=m Lo

E -8.8%% UrE‘r”D}
¥3} A 9 F9) AR BEiyxo A W

aks vebllen i oAt
92 Fig. 2

Atmosphere, Vol. 29, No. 1. (2019)



56 T o= AT AR FE AT 2 L=k v AT
Table 2. Ozone mixing ratio biases (in %) in MACC, ERAI, and MERRA? reanalysis datasets compared to the observation
data for annual-mean (ANN), March-to-May (MAM), June-to-August (JJA), September-to-November (SON), and December-

to-February (DJF).

200 hPa 300 hPa 500 hPa 700 hPa 850 hPa 925 hPa 1000 hPa
ANN —6.26 8.75 —0.65 -1.33 —0.88 122 -24.14
MAM —-11.90 18.93 —0.69 -7.18 —-11.33 -9.82 -38.91
MACC JJA -3.39 —6.75 —-11.02 -3.05 233 13.00 17.98
SON -1.79 4.43 -0.85 1.04 2.47 5.79 -27.49
DJF -7.26 17.11 9.99 4.58 5.15 0.81 -38.03
ANN -10.94 -7.30 —26.46 —25.44 -36.12 —43.20 —62.07
MAM —-20.08 —-6.10 -38.99 -50.32 —-59.53 —63.52 -76.87
ERAI JJA 0.85 -9.80 -13.52 16.33 2.56 -11.36 -50.52
SON 2.18 -0.08 -11.62 =727 -14.71 -22.20 -53.48
DJF -25.56 -13.37 -40.13 -57.38 —62.37 —62.58 —63.45
ANN 2.18 -1.74 -15.88 —-13.62 -15.62 —-14.46 -
MAM —-6.16 322 —-15.63 -17.29 —24.58 -23.67 -
MERRA?2 JJA 1.82 -12.25 -20.51 -7.05 -11.96 -12.24 -
SON 12.67 -3.29 -18.00 -16.49 -17.88 -17.00 -
DJF 1.43 4.75 -9.40 -13.20 —6.75 -3.55 -
MACC ERAI MERRA2
200 200 200 200
250 250 250 250
— 800 300 300 300
©
o
% 400 400 400 400
g 500 500 500 500
g—j 600 600 600 600

700 700
850
925

1000

850
925
1000 T

T T T 1 L |
SOND SOND

JFMAMJ JA JFMAMUJ JA
Month Month
10 30 50 70 90 110 130 150 170 1980 210
[Ppbv]

Fig. 2. Seasonal cycle of ozone mixing ratio profile in observation, MACC, ERAI and MERRA2 for the period of 2003~2012.
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Fig. 3. Seasonal cycle of 850-hPa ozone mixing ratio in
observation (black), MACC (red), ERAI (green) and
MERRA2? (blue) for the period of 2003~2012. The error bar
indicates one standard deviation on interannual time scale.
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Fig. 5. Time series of monthly-mean ozone mixing ratio at
850 hPa (solid lines) and their linear trends (dashed lines)
in observation (black), MACC (red), ERAI (green) and
MERRA2? (blue). The number in the parenthesis denotes the
trend in ppbv per decade.
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Fig. 4. Vertical profile of annual-mean ozone mixing ratio in observation, MACC, ERAI and MERRAZ2: (top) upper
troposphere from 400 hPa to 200 hPa and (bottom) lower troposphere from 1000 hPa to 400 hPa. Each year is denoted with a

different color.
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