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ABSTRACT. This article shows the analysis of total ozone and potential vorticity and also tropopause
pressure during winter period (December, January and February) over the area 20°-50°N, 90°-160°E (south-
east Asia). This is done [or three different latitude bands 20°-30°N, 30°-40°N and 40°-50°N. Due to maximum
latitudinal gradient of ozone in the lower latitudinal band, high correlation is found with potential vorticity

and also with tropopause level.
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1. Introduction

The ozone mixing ratio and Ertel's potential
vorticity (IPV) are both quasi-conservative tracers
in the lower stratosphere (Leovy er al. 1985, Clough
et al. 1985, Reiter 1972, Hartmann 1977, Danielsen
1968, Danielsen er al. 1987) and also increase with
decreasing pressure upto 10 hPa. Thus, the
transport of IPV is to be similar to that of ozone in
the lower stratosphere. Herring (1966) showed that
IPV is positively correlated with ozone mixing ratio
over the longitude extent of North America, and in
the stratosphere, the features in the profile of IPV
and ozone mixing ratio were shown to be similar on
the large scale by Danielsen (1968).

Later studies have confirmed that a strong posi-
tive correlation exists between IPV and ozone mix-
ing ratio at all scales in the lower stratosphere. The
evidence was discussed by Danielsen (1985).

The changes in the mixing ratio of ozone on
isentropic surfaces are wholly contained in the
stratosphere and advection of the tropopause along
isentropic  surfaces linking stratosphere and
troposphere. This is equivalent to changing the
depth of the stratosphere thus, clearly, altering the
total amount of ozone in a vertical column. By look-
ing at-the correlation between the total ozone and
IPV on an isentropic (8) surface it is possible to dis-
cern how much of the variability in total ozone is
contributed by variation in ozone mixing ratio on
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that surface. It is also possible to study the contribu-
tion to the variability in total ozone coming from
changes near the tropopause by correlating total
ozone directly with tropopause pressure.

In this article correlations between TOMS total
ozone and IPV are calculated statistically at three
different latitude bands (20°-30°N, 30°-40°N and
40°-50°N) in the region 90°-160°E, 20°-50°N and
compared with the correlation with tropopause
pressure.

2. Materials used

Daily gridded total ozone data have been sup-
plied from the TOMS instrument on the Nimbus-7
satellite for the period from December 1982 to
February 1983 in the region 90°-160°E and 20°-
50°N. Wind speeds have been obtained from global
analysis fields supplied by the European Centre for
Medium Range Weather Forecasts (ECMWF),
Reading. Values of tropopause level pressure have
been taken from the radiosonde tropopause reports
after quality control to remove spurious values.

3. Mecthod of analysis

Statistical method has been used in this article.
For each radiosonde station, the tropopause pres-
sure and IPV values on various isentropic (8) sur-
faces have been obtained for 0000 UTC on the first
20 days of each month. For each day total ozone has
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been interpolated from gridded TOMS data to the
station positions.

TOMS measures near local noon and the
nearest synoptic hour to the ozone measurements in
the sector 90°-160°E is midnight UTC with a time
displacement of 3-6 hours from the Nimbus-7 over-
pass. Meteorological data for 0000 UTC. therefore.
has been used in this comparison. Daily gridded
TOMS total ozone are supplied at intervals of 1° in
latitude and 1.25° in longitude. Fleig er al (1986)
have reported that recent updates of ozone absorp-
tion cross-sections in the Huggins bands mean that
the TOMS-gridded ozone values supplied for 1952-
1983 should be increased by about 6%. This correc-
tion has been applied uniformly to the entire data
set used here and, therefore, supposed not to affect
statistical studies. Wind speeds have been obtained
‘from global analyses supplied by the ECMWF,
Reading. These analyses provide fields of zonal and
meridional wind components, geopotential height
and temperature on the 850, 700, 500, 300, 200 and
100 hPa surfaces. The data are available on a
2.5° X 2.5° latitude-longitude grid. For the results
described here, the zonal and meridional wind
components at 200 hPa surface at each grid point
combined to give a vector wind.

To calculate IPV, the absolute vorticity (on an
isentropic surface), &0, and the stability of the
atmosphere, d6/dp. were known. To calculate &8,
northward and eastward wind components were,
first, linearly interpolated with height at each grid
point to the desired isentropic surface and then £
was determined (as dv/dx—du/dy) at each radio-
sonde position. The ECMWF global analysis fields
have sufficient horizontal resolution to determine
&8, but lack the veriical resolution for determination
of static stability (d6/dp). d8/dp has, therefore. been
calculated directly from radiosonde profiles after
they had been smoothened to remove perturbations
on height scales less than 1 km. The smoothening
reduces contamination of the stability values by
small scale gravity wave components, although any
determination of d6/dp relying only on single
radiosonde profile cannot guarantee freedom from
wave contamination. It is hoped that smoothening
will have removed the worst of the conta-
mination.

4. Results

The total variation of ozone in the low latitude
band (20°-30°N) has been found to be around 90
DU at the beginning and increased slightly as the
season proceeded. Below 330 K, ie, within the

troposphere the variation of PV has also been very
small and no relation with total ozone has been
found on these surfaces. The variation of PV has
increased gradually through the season for higher 8
surfaces, giving good correlaltion with total ozone,
although most of the PVs are tropospheric at 330
and 350 K. In December, the maximum correlation
has been found at 350 K. Although the variation of
PV is greater at 370 and 390 K than at lower levels,
the correlation coefficients have been decreased.
The same features have observed in January and
February. but the maximum correlation coefficient
has observed at 370 K in February. The slope of
regression line of PV on total ozone has increased
with increasing 8 in December and January but in
February, it decreased from 370 K, possibly because
of decreasing correlation coefficient.

Due to Hadley circulation in winter the amount
of total ozone has increased very rapidly with the
increase of latitude. In the mid-latitude band (30°-
40°N), the variation of total ozone is much higher
(150DU) than at lower latitude. The variation of PV
is around 4 X 10~ kmZkg~!s~! on the lower sur-
faces, but most of the PV values have remained
tropospheric and have showed very poor cor-
relations with total ozone in December. At 330 K the
variation of PV has increased to around 10 units
and almost all the values are stratospheric, give
good correlation with total ozone, same as the next
two levels (350 and 370 K). From 370 K, both the cor-
relation coefficient and slope of the regression line
have decreased. A greater variation of total ozone
has been found in January (i.e, around 180DU) in
this latitudinal band and the correlation coef-
ficients with PV are higher than in December.

From Figs. 1-3 it can be concluded that the rate
of increase of total ozone variation for this
latitudinal band is around 30DU per month in this
period. The value of total ozone has increased at the
same time as that of the gradient of ozone (Begum
1993). Almost all the PVs are tropospheric at 290 K,
showing low correlation coefficient with total
ozone. A higher correlaltion coefficient (0.62) has
been found at 300 K although most PVs are
tropospheric. The correlation coefficient has
increased to 0.66 at 310 K but has decreased to 0.58
at 330 K. although the variation of PV is around 11
units dnd almost all the values are stratospheric.
The correlation coefficient has increased slightly at
higher 8 surfaces. In this latitude band the maxi-
mum correlation (0.75) has been found between IPV
and total ozone in January at 330 K. Due to the
mean stratospheric circulation, the total amount of
ozone increases with the increasing of latitude in
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Correlation coeflicients between total ozone and PV at
370 K for three different latitude bands in December

1982

this period. The variation of PV, in December, in
the next latitude band (40°-50°N) is around 5 units
at 300 K and gives low correlation with total ozone.
The variation of PV has increased with height as the
surfaces from 330 K upwards are wholly stra-
tospheric. In January, the variation of PV and total

ozone has been found higher than in December
and shown the same features but with higher cor
relation coeficients. The maximum value of total
ozone is found in February. Higher correlation
coefficients have been found in February than in
December and January but the features are same.
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Fig. 2. Same as Fig. 1, for January 1983
The highest correlations are found near the increased. Both the mean tropopause pressure and
tropopause and also at 390 K. total ozone values are much greater in the mid-
latitude band than at lower latitude due to the pre-
As the season has proceeded in the low latitude sence of the STJ near 30°N. The correlation between
band (20°-30°N) the correlatlion between total the two variables has increased as the season pro-

ozone and tropopause pressure gradually has ceeded but are markedly lower than the maximum
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Fig. 3. Same as Fig. 1, for February 1983
correlation coefficients found between total ozone tropopause pressure at all latitude bands. In winter,
and PV for each month. due to Hadley circulation, a euch greater spread of
tropopause pressure was found in the low latitude
5. Discussions of the results band. During this period lower tropopause pres-
sures were found equatorward of the jet and higher
The maximum correlation between total ozone tropopause pressure poleward of the jet. In the

and IPV are much higher than those with lower stratosphere, a greater spread of IPV was also
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observed. On the 8 surfaces analysed. most of the
IPV values were tropospheric, but the few strato-
spheric values poleward of the subtropical jet
stream (STJ) gave good correlation with total
ozone.

In winter, the STJ was strongest with high
correlation during this season coinciding with
the maximum latitudinal gradient of ozone
(Begum 1993).

In the high latitude band the minimum spread
of tropopause pressure was found in winter. High
correlation coefficients were seen near the
tropopause level. The correlation coefficients with
IPV were greater in the mid latitude band than in
the high latitude band. One possible explanation
of this is that the latitudinal gradient of ozone was
greater in the mid latitude band because of the
strong STJ, but it is also possible that there was
greater variability in the ozone mixing ratio above
100 hPa in the high latitude band. High values of
‘t" were also observed at the 390 K surface in this
band. This may indicate enhanced variability of
ozone near the peak of the concentration profile
(18-20 km). Radiosonde data were not avialable
above 100 hPa and so it was not possible to inves-
tigate the spread of IPV values encountered near
the peak of the ozone layer.

The feature of the low latitude band is very
similar to that of the mid-latitude band and is lin-
ked to the extensive Hadley circulation and
STI.
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