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MADDEN-~JULIAN OSCILLATION

(a.k.a. Intraseasonal Oscillation)
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THE LARGE-SCALE MJO CONVECTION AND CIRCULATION
ANOMALIES HAVE BEEN WELL UNDERSTOOD AND
DOCUMENTED' Subtropical UT cyclones

Subtropical UT anticyclones

lag equatorial enhanced Gill 1980; Hendon and Salby 1994 lead equatorial enhanced
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However, the intraseasonal variations of atmospheric compositions, such as
ozone and aerosol, have not been well documented and understood.
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TROPICAL OZONE (O3) VARIATIONS

Time Scale Annual QBO ENSO Solar Intraseasonal
Cycle Cycle (MJO)
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OBJECTIVE

»To investigate the intraseasonal variations of the tropical total O3.

r<gDAre there any intraseasonal variations of the tropical total O3?

ExalIf yes, how large?

Ek@™What physical and/or dynamical processes are responsible to these
intraseasonal variations?
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DATA

> Total O3:

AIRS L3, 1.0° x 1.0°, Pentad, From 09/01/2002 to 01/31/2005
TOMS, 3° lat x 5° long, Pentad, From 01/01/1980 to 12/31/1992

> Rainfall:

TRMM, 1.0° x 1.0°, Pentad, From 01/01/1998 to 07/31/2006
GPCP, 2.5° x 2.5°, Pentad, From 01/01/1979 to 12/31/2005

»Dynamical Fields (Winds, Geopotential Height):

NCEP/NCAR Reanalysis, 2.5° x 2.0°, Pentad,
From 01/01/1980 to 12/31/1992
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MJO ANALYSIS AND COMPOSITING
PROCEDURE

(1) Removing the annual cycle.

(2) Filtering the data using a 30-90-day filter.

(3) Identifying MJO events using Extended EOF analysis.
(4) Averaging all the MJO events.

Reference: Tian, B. J., D. E. Waliser, E. J. Fetzer, B. H. Lambrigtsen, Y. Yung, and B.
Wang, 2006: Vertical moist thermodynamic structure and spatial-temporal evolution
of the MJO in AIRS observations. J. Amos. Sci., 63, 2462-2485.
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SELECTED 8 MJO EVENTS FOR AIRS DATA
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AIRS TOTAL O3 MJO ANOMALY
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TOTAL O3 MJO ANOMALY
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OBJECTIVE

1. Is any intraseasonal variation of the tropical total O3?

Answer: Yes.

2. Ifyes, how large?
Answer: S DU

3. What physical and/or dynamical processes are responsible to these
variations?
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CONNECTION BETWEEN TOMS TOTAL O3 MJO
ANOMALY AND NCEP UT GPHEIGHT MJO
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CONNECTION BETWEEN TOMS TOTAL O3 MJO
ANOMALY AND NCEP UT STREAM FUNCTION MJO
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MJO IMPACT ON TROPICAL TOTAL O3

Subtropical UT
cyclones bring down
O3-rich stratospheric

air (decrease
geopotential and
tropopause height) to
increase the

subtropical total O3.

Subtropical UT
anticyclones bring up . .
O3-poor tropospheric #.-

air (increase
geopotential height) to
decrease the

subtropical total O3.
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Schematic of the large-scale wind structure of the MJO. The cloud symbol indicates the
convective center. Arrows represent anomalous winds at 850 and 200 hPa and the vertical
motions at 500 hPa. ““‘A”’ and ‘‘C’’ mark the anticyclonic and cyclonic circulation centers,

respectively. Dashed lines mark troughs and ridges. From Rui and Wang [1990].
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SUMMARY

»There are intraseasonal variations of tropical total O3 in both AIRS and TOMS.

»The intraseasonal variations of tropical total O3 are large (around 5DU) and
comparable to those associated with other time scales.

»The intraseasonal variations of total O3 are mainly in the subtropics. These
anomalies are mainly dynamically driven as a result of the subtropical upper-
tropospheric (anti-)cyclones generated by the equatorial MJO convection.

»AIRS data together with other satellite data (e.g., TRMM, CloudSat, MLS,
ISCCP, and TOMYS) are very useful to study tropical convection and climate.
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A TYPICAL MJO IN N.H. WINTER
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The 200mb stream function is shown by the color shading. The OLR anomalies are contoured at
10 W m-2 (dashed line), indicating enhanced convection, and at +10 W m-2 (solid line),
indicating reduced convection. The images are spaced approximately 3 days apart and one whole
cycle lasts approximately 48 days. From Matthews et al. (2004).
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