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Abstract MERRA-2 ozone and atmospheric data are utilized to test the usefulness of reanaly-
sis-based tracer transport analysis for ozone in the tropical tropopause layer (TTL). Transport
and mixing processes related to the seasonal variation of TTL ozone are examined using the
tracer transport equation based on the transformed Eulerian mean, and the results are compared
to previously proposed values from model analyses. The analysis shows that the seasonal vari-
ability of TTL ozone is mainly determined by two processes: vertical mean transport and hori-
zontal eddy mixing of ozone, with different contributions in the Northern and Southern
Hemispheres. The horizontal eddy mixing process explains the major portion of the seasonal
cycle in the northern TTL, while the vertical mean transport dominates in the southern TTL. The
Asian summer monsoon likely contributes to this observed difference. The ozone variability and
related processes in MERRA-2 reanalysis show qualitatively similar features with satellite- and
model-based analyses, and it provides advantages of fine-scale analyses. However, it still shows
significant quantitative biases in ozone budget analysis.

Key words: MERRA-2, TTL ozone, vertical mean transport, horizontal eddy mixing, Asian
summer monsoon
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Fig. 1. A schematic diagram of the processes affecting the
characteristics of the TTL.
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Konopka et al., 2010; Abalos et al., 2013).
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Fig. 2. Amplitude of annual cycle computed from climatol-
ogical monthly- and zonal-mean ozone ([O;]; shading) and
climatological isentropes (contour). Amplitude of annual
cycle is computed as a half of difference between monthly
maximum and minumum normalized by climatological
max[03] — min[O3])
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Fig. 3. (a) Ozone concentration (shading; ppbv) and horizontal circulation (arrows; m s™') at 100 hPa averaged for 2005~2017
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Fig. 4. Geopotential height (contour; GPM; values larger than 16,800 m are hatched) and ozone concentration (shading; ppbv)
at 100 hPa. Figures show temporal evolution of Asian summer monsoon anticyclone and related ozone variability from June 6,
2005 with 10-day interval. A red dot indicates the location of the geopotential height maximum.

(o)=Y
o

Bt} Figure 20014 B3k TTLE A 5o
73l Uefde olf ke ol2fg 5o v
o2 e

F7HRL oldlE 7] a5 AAF7]elA
Wl ofAlof B a9t o3k 2E0] FHE
3 FAS E259 thFigs. 3, 4). 100 hPa Sl

= W1
B L R e L e e

ol AYxo)|AE 100 hPao] FHAHZo| X F-
IATNME FHEAFES YeRZ] wFolt) uel

A Bk o5 e dddke 2 Yge Ak
o LES LEF MRS weh ASER pEs)
oL olEdt FEE BNke] AMwE 2718 '@
THET 27 wEE dlo] "k

ol g F el oJF 0F9] £HEFE o

&2o)7] Hrks 7840 WAk @/delt). Figure
4= 6EEREH 104 7HHo=2 B4 25 1793
2F9] BEXE e, AlZke] Aol whet 27]9¢
o] WI3lHA QEZX JPIAEE wEt AYEE 2
Fo| fFdHEE A4S F HoFET E3] 2|ge o
7 AAAAY 2EZoZ HojA Yyt dldo] W
Aol wiel FF=sl] 9 AEE G AdelA] oF

o 5] B ol }AT £ 9Unk. ol

7P S
B th(Fig.
sl A
FE5ol 93
LEFEIF S I FUE] wEold
of2]7} EEA oM E o WEA o] Funt 2
WS 7HIARE SIgre] et i) vehA] gttt

TTL & AWUEAe] 7| 522 E Hubret
2 ppo] Avnm, Subol gkt B o 53 (6~
8e)oll @9 ol WL AL (12~2¢9)°l A& A
g A WEdS BRAtk(Fig 5). LEwke B
HhE7E WIS e Zheth eI Eaukre] A
EE=ol Hulgte] drEt o 1E Fx UH
ZslaL o]9h HlEo] AEE ghol oF 50 ppby 71 A
A vepde B3 a2 A AW

1
L.

WEAo] A dFHde & 54L& Holed), oY
o WES AFE FukolA vlg FEXih o)y
g 5452 Hub TTLOAM yehte 953 o=
S7PF B A1l olsiA S Ete o] 7HE
2 £ Bol S AT g Heb 2
F9] A-FHEAL Wang and Fan (1999)014] AR&-3F
At Rl B Ao AEWFET vlg- Hls=T

Atmosphere, Vol. 30, No. 1. (2020)



9% MERRA-2 A EX A& E 2

(a) Northern TTL 1980-2017 (100 hPa)

240

= Median
~ 25-75% of PDF

210 10-90% of PDF

180

150

120

90

Ozone concentration (ppbv)

60 .

1 Il 1 L 1 1 1 1 L 1 L

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(b) Southern TTL 1980-2017 (100 hPa)
240
= Median
— —— 25.75% of PDF
3 210 10-90% of PDF
[o}
e
- 180
RS
8 150
C
3
c 120
o
o
2 90 A
o
o
60 1

L Il 1 Il 1 Il I ! L ! Il

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 5. The probability density function of daily ozone at 100
hPa of the day of the year for (a) Northern Hemispheric
(0°N-20°N) and (b) Southern Hemispheric (20°S-0°S) TTL.
Thick black curve represent the median, light gray shading
indicates the 25~75% percentile, dark gray indicates the
10~90 percentile, and thin black curves show the minimum
and maximum.
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Fig. 6. (a) Latitude-time and (b) latitude-pressure cross-
section of eddy ozone flux normalized by climatological
mean value (shading; \1’—03/0_3). The Shading represents
larger than the 95% significant level.
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Fig. 7. Seasonal variability of ozone tendency and forcing terms at 100 hPa for (a, ¢, €) Northern Hemisphere (0°N-20°N) and
(b, d, f) Southern Hemisphere (20°S-0°S). (a, b) Eddy and mean terms are further separated into (c, d) horizontal and vertical
components. (e, f) Comparisons of horizontal eddy and vertical mean terms with their Fourier analysis estimates using wave-
number 1-3 (dark curves). 11-day running mean is applied for visual clarity, and light shadings denotes 95% confidence range.
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tracer transport equation on the observed seasonal cycle of
ozone at 100 hPa. Hatched bars present re-estimations based
on SHADOZ ozone profile.
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