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Relation between total ozone and sub-tropical jet stream
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ABSTRACT. This article investigates the relationship between total ozone and subtropical jet stream (STJ). Total
ozone data have been obtained from the total ozone mapping spectrometer (TOMS) instrument on the Nimbus - 7 satellite and
have been examined in conjunction with meteorological data in the region 90° - 160°E, 20° -50°N, i.e., the entrance region of

the East Asian STJ from October 1982 to September 1983

The STJ marks the boundary between the high tropical tropopause (ca. 100hPa) and lower subtropical tropopause (ca.
200hPa). In winter it has been found that the total ozone contours are almost parallel to the wind direction, and the horizontal

gradient in total ozone increases as the wind speed strengthens.

The ST normally marks a steep gradient in total ozone but in spring anomalous patterns are seen sometimes with very
small gradients across the jet. A particular study has been conducted of these events, which are associated with a layer of
relatively low but still stratospheric potential vorticity (PV) at around 150 hPa (380K) on the poleward side of the jet. This
appears (o be consistent with a transfer of air from troposphere to stratosphere above the jet core in March and April.
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1. Introduction

Total ozone has been measured from the ground using
the Dobson spectrophotometer (Dobson and Harrison;
1926) and the distribution has been obtained from such
measurements.

In the tropics, day to day ozone variations are small (like
seasonal variations), but in middle and higher latitudes
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considerable variation occur on daily and seasonal time
scales. Many of these variation are linked to meteorological
features (e.g. Dobson and Harrison, 1926; Dobson et al.
1929 and 1930).

The total ozone column is a good indicator of the
vertical air motion due to relative change in mixing ratio
with height. The mixing ratio is small ( ~ 0.04 ppmv/km)
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and nearly constant in the troposphere, but immediately
above the tropopause, it increases sharply with height to a
maximum (~ 0.5 ppmv/km) near around 35 km. Thus any
vertical displacement of the tropopause due to convergence
or divergence produces a change in total ozone.

Ozone transport from stratosphere to troposphere was
confirmed with the development of fast-responding ozone
sensors for aircraft during the 1970s (Danielsen, 1985).
Stratosphere-troposphere exchange of ozone was confirmed
by tropopause folding due to rapid cyclogenesis (Danielsen
et al. 1987); cut-off lows in the upper troposphere are also
apossible agent of this exchange (Price and Vaughan, 1993).
Diabatic heating also related stratosphere - troposphere ex-
change. Volkmar Wirth (1995) showed that tropospheric
heating with a maximum of some 10Kd™" underncath the
lowered tropopause leads to the decay of the upper level
vortex within a few days. During the decay air in the vortex
centre which was initially a part of the lower stratosphere
gradually turns into tropospheric air. The purpose of this
work is to investigate the intrusion of tropospheric air into
the stratosphere associated with the STJ and link between
total ozone and any such intrusion for the period October
1982 - September 1983 by means of conventional tracers
such as potential temperature and potential vorticity has also
been reported in the present article. The use of a tracer
(ozone, potential vorticity, water vapour) is the conventional
means for observing troposphere-stratosphere exchange
(e.g.. stratospheric air can be identified in the troposphere
by its large values of PV). Ozone is almost an ideal tracer
for this exchange because of the conservative property of air
and distinct differences of PV between troposphere and
stratosphere. Below 25 km ozone is transported poleward to
the cyclonic side of the subtropical jet. In the lower strato-
sphere the largest vertical displacement with season in the
mean ozone isopleths occurs in association with the seasonal
variation of tropopause position (Herring, 1966).

2. Materials used

Daily grided ozone data were obtained [rom the TOMS
instrument on the Nimbus-7 satellite for the period from
October 1982 to September 1983 in the region 907 -160°E,
20° - 50°N. Wind speeds were obtained from global analysis
fields supplied by the European Centre lor Medium Range
Weather Forecasts (ECMWF), Reading. Values of tro-
popause pressure were taken from the radiosonde tro-
popause reports.

3.  Method of Analysis

TOMS measures near local noon and the nearest svnop-
tic hour to the ozone measurements in the sector 907 - 160°E
is midnight UTC with a time displacement of 3-6 hours [rom

the Nimbus-7 overpass. Therefore, meteorological data for
the 0000 UTC were used in this comparison. Data for the
period from October 1982 to September 1983, combined
into monthly means, are used in this study. Daily grided
TOMS data are supplied at intervals of 1° in latitudes and
1.25% in longitude. Fleig et al. (1986) have reported that
recent updates of ozone absorption cross-sections in the
Huggins bands mean that the TOMS grided ozone values
supplied for 1982-1983 should be increased by about 6%.
This correction applies uniformly to the entire dataset used
here and therefore should not affect statistical studies.

ECMWF data 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% * 2.5° latitude-longitude grid. For
the results described here, the zonal and meridional wind
components at 200 hPa were then combined to give a vector
wind at each grid point daily. (Grid TOMS data were simi-
larly averaged over a month at each grid point and contour
charts were drawn for the monthly mean field points). To
identify the subtropical jet for each day, 200 hPa wind
speeds were examined.

To calculate isentropic potential vorticity (IPV), the
absolute vorticity (on an isentropic surface), &g, and the
stability of the atmosphere. -86/8p, were known. To calcu-
late &g, northward and eastward wind components were first
linearly interpolated with height at each grid point to the
desired isentropic surface, then &g was determined (as 6v/8x
- Bu/dy) at each radiosonde position by fitting a bi-cubic
spline to a 4*4 array of wind components surrounding each
radiosonde station using a NAG routine. The ECMWEF
global analysis fields have sufficient horizontal resolution
to determine &g, but lack the vertical resolution for precise
determination of static stability (- 86/8p). Therefore, the
static stability has been calculated directly from radiosonde
profiles, after detecting and removing superadiabatic lapse
rate and erroneous points and then filtering the profile with
a non recursive low pass filter to remove structure on scales
— less than | km in height. The smoothing reduces contami-
nation of the stability values by small-scale gravity wave
components, although any determination of - 86/8p relying
only on single radiosonde profiles cannot guarantee freedom
from wave contamination. Thus TPV was calculated by a
series of calculations involving the finite differentiation,
interpolation and filtering of the data.

Vertical cross-section of wind speeds and potential
temperature were then constructed from radiosonde obser-
vations across the jet entrance by using great circle method.
This procedure gave cross-sections at 12 hours intervals
(0000 and 1200 UTC) during March 1983. Because a dis-
crepancy has been observed in March. It has been found that
the higher STI were sometimes associated with very low
gradient of total ozone. Because of this, the March results
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Fig. 1. Total ozone and 200 hPa winds (> 40m/s) for 7 March 1983 - an example with a steep ozone gradient across the jet
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Fig. 2. As Fig. 1 for 21 March - showing a very small ozone gradient across the jet

were shown here specially 1o see whether there is any reason
behind. Cross-sections were taken at different positions on
different days because of variation in the positions of the
STI. Total ozone values were also analysed along the cross-
sections,

PV and significant potential temperature variation
along the tropopause are two important factors in the dy-
namics of the stratosphere-iroposphere exchange. Hence
IPVs were also calculated.

4. Results

(@) Monthly mean total ozone contour (in DU) and
200 hPa winey

From the monthly mean investigation of total ozone and
200 hPa wind fields, it was found that the total ozone
contours are almost parallel to the wind direction in winter

as the wind speed strengthens the gradient in total ozone
increases. In winter and spring, a sharp gradient in total
ozone is found on the cyclonic side of the STJ. This gradient
of total ozone is pronounced in winter because of the strong
Hadley circulation but as the Hadley cell ceases in summer,
the jet weakens and horizontal gradients in total ozone
become much smaller, disappearing almost entirely by the
carly autumn (Begum. 1993),

(b) Jet maxima and r1otal ozone gradient

To find the relationship between the STJ and total ozone
insection (a), an investigation was conducted to see whether
the strength of the jet is related to the horizontal gradient of
total ozone across it. To find the maximum wind speed and
the corresponding ozone gradient, the 200 hPa wind field
and total ozone data for each day of the year October 1982
- September 1983 were studied.
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Fig. 3.  Vertical cross-section trom 12 5E. 27.5N 1 115.0E. 40.0 N on
21 March 1983, 0000 UTC. Isentropes: dashed lines (K) 1sotachs

solid hines (nv/s): total vzone dashed dotted hine (DU)

To deduce total ozone gradient accurately, a bi-cubic
spline was fitted to a 6%6 array ol ozone measurements
surrounding the required pdint and the spline was evaluated
at points 150 km apart either side of the maximum wind
position using a NAG routine. This enabled an accurate
determination of the total ozone gradient. To calculate the
correlation coefficients for cach month, daily pairs of maxi-
mum wind speed and total ozone gradient were combined.
The results are shown in Table 1. where the correlation
coefficients r'>0.4 represent the significant coefficients at
the 95% level or greater. For winter months (except Decem-
ber and February), significant correlations are found. The
correlations for the summer months are insignificant prob-
ably due to the Hadley cell. The main generator ol the STJ,
is much weaker in this period. Thus, during the period when
a strong jet 1s present its strength does appear 1o be weakly
in relation with the total ozone gradient.

(¢) Spring anomaly in total ozone gradient across the
STi

It was found that high wind speeds were nearly always
accompanied by a steep gradient in total ozone (Fig. 1), In
early spring one exception 1o this rule was. dbserved. when
the Hadley circulation (and therefore, the jet) was weaken-
ing. In the entrance region of the jet, latitudinal gradients of
total ozone were often found to be very small in March
(Fig. 2) and occasionally in April, although the correspond-
ing 200 hPa wind speeds were high. These anomalously
small gradients of total ozone in carly spring have been
further examined to see if they correspond to anomalously
low IPV values in the lower stralosphere poleward of the jet
(possibly indicating an intrusion ol tropospheric air). Wind
and temperature cross-section were studied when the latitu-
dinal gradients of total ozone was anomalously small

(d) Results of cross-section analvsis for Mareli 1983

The division between troposphere and stratosphere is
observed by a change in the vertical gradient of potential
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Fig. 4. Vertical vross-section showing PV isopleths (in units ol 10"

K m™ kg s ) for Fig. 3. PV : solid line: total ozone : dash dorted

line (DL
temperature. A rapid change of tropopause level occurs to
the north of the jet core. while 1o the south of the jet there is
an almost uniformly high tropopause level (8 ~ 380K, I ~
100 hPa). The values of PV in the lower stratosphere in-
creased rapidly with height in most of the cases. Very often
the layer of the strongest wind speeds sloped upward and
northward on the cyclonic side of the jet. Near the jet
entrance a different pattern was found. particularly n re-
grons where the latitudinal gradient in total ozone was
anomalously small. On the cyclonic side of the jet. just
above the tropopause the values of PV usually increased
very rapidly with height but then decreased at around 380 K
tfor a while before increasing again (Fig. 3).

The large values of (- 88/8p) on the northward of the jet
core characteristic of the stratosphere combine with rela-
tively high absolute vorticity to give large PV. Fig. 3 shows
the division of stratosphere and troposphere at a jet core by
the strong horizontal wind shear near the jet. On the cyclonic
side of the jet around 150 hPa, the values of (- 86/8p)are
lower i.e. less stuble with respect to the air bencath. This
shows up in the PV cross-section (Fig. 4) as a horizontal
layer of lower PV. In many cases. this type of feature is
related with smaller gradient of total ozone along the cross-
section, Another example is shown in Fig, 5. where the
change of total vzone is monotonic. The distributions of
wind speed and potential temperature are almost sumilar to
Fig. 3, but there is no low PV layer found in the stratosphere.
Corresponding PV chart (Fig. 6) shows that PV increases
with height. Here total ozone 1s found to increase monotoni-
cally across the jet.

(¢) Results of cross-section andalvsis - laver of low PV

For different values of the depth (differcnee in PV with
respect to adjacent layer) the number of occurrence ol layers
with low PV near 380 K for different values of the depth are
shown in the bar diagram (Fig. 7) for 0000 UTC and for 1200
UTC. It can be concluded that the depth of a layer is nearly
limited to 4 units of PV. The number of layers deeper than
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Fig. 5. Vertical cross-section from 120.0E, 27.5N to 117.0E, 37.5N on 7
March 1983, 1200 UTC. Symbols are the same as in Fig. 3 .
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Fig. 6. Vertical cross-section as in Fig. 5, showing isopleths of PV (in
units of 10° K m* kg'l s"') and total ozone. Key as for Fig. 4.

4 PV unit is very small and a residual influence of gravity
waves on the radiosonde ascents cannot be discounted in
these cases. The correlation between a layer of low PV and
a small latitudinal gradient in total ozone is demonstrated in

the Table 2.

5. Conclusions

(i) From the monthly mean total ozone and 200 hPa
wind fields it was found that in winter, the total
ozone contours are almost parallel to the wind
direction and the horizontal wind gradient in total
ozone increases as the wind speed strengthens. In
winter and spring a sharp gradient in total ozone
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Histogram showing the frequency distribution of PV layers of
various depths. The depth is taken as the difference between PV
in the layer and PV in adjacent layers.
is found on the cyclonic side of the STJ may be
because of Hadley circulation.

In winter months (except December and Febru-
ary) significant correlation coefficients between
the maximum wind speed (200 hPa) and the
corresponding total ozone gradient were found.

In the entrance region of the jet, the latitudinal
gradient of total ozone were, sometimes, very
small. In contrast, the vertical change of PV was
monotonic, where total ozone increased signifi-
cantly across the jel.

The above evidence is consistent with notion that
some air is transported into the ‘midlatitude lower
stratosphere’ above the jet core at the entrance of
the STJ, when the Hadley circulation weakens.
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TABLE 1
Correlation between maximum wind and total ozone gradient
Month Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Cor. Coeff 0.70 0.44 0.02 0.47 -0.08 0.43 0.07 0.14 0.26 -0.23 0.01 0.22
TABLE 2
Coincident occurrence of layers of low PV and anomalously small total ozone gradient at jet entrance, March 1983
Day 0000 UTC 1200 UTC
L/N H/S L/N H/S
1 N H E .
3 L S L S
4 N H L H
5 - - L H
7 N H N H
8 L H L H
9 L H =
10 N H N H
11 L H ks H
12 L S L H
13 L S L S
14 - - N S
15 L S L S
16 L S L S
17 L S L S
18 N S -
19 N S . -
21 L s L S
22 L S - =
24 L S L S
25 L H L S
26 N H L S
27 L S (> S
28 - - L S
29 N H

Intotal: L:S =21,N:S =3, L:H =9 & N:H =8

L Layer present, N— No layer, H — High gradient of ozone and

S — Less gradient of ozone. Note: Due to missing ozone data and lack of radiosonde observations over the

region chosen for cross-section, some days are missing in Table 2.

References
Begum, D.A., 1993, "Climatological study of the total ozone ficld around
the subtropical jet stream", International Journal of Climatology,
13, 8, 915-921.

Begum. D.A., 1989, "Studies of total ozone field around the subtropical jet
stream”, Ph, D. Thesis, University of Wales, UK.

Danielsen, E.F., Hipskind, R.S., Ganines, S.E., Sachse, G.W_. Gregory,-

G.L.and Hill, G.F., 1987, "Three - Dimensional Analysis of Poten-
tial vorticity Associated with Tropopause folds and observed vari-
ations of ozone and Carbon monoxide", Journal of Geophysical
Research, 92,D2,2103-2111.

Danielsen, E.F., 1985, "Ozone Transport” in ozone in the free atmosphere,
by R.C. Whitten and S.S. Prasad, Van Nostrand Reinhold Com-
pany, 123-160.

Dobson, G.M.B. , Harrison, D.N., 1926, "Measurément of the amount of
ozone in the earth’s atmosphere and its relation to other geophysical
conditions: Part I, Proc. Roy. Soc., A110. 660- 693.

Dobson, G M.B. , Harrison, D.N. and Lawrence, J., 1929, "Measurements
of the amount of ozone in the Earth's atmosphere and its relation

to ather geophysical conditions: Part 111", Proc. Rov. Soc., A122,
456-486.

Dobson, G,M.B., Kimball, H.H. and Kidson. E., 1930, "Observations of
the amount of ozone in the earth's atmosphere and its relation to
other geophysical conditions: Part IV", Proe. Roy. Soc., A129,
411-433.

Fleig, A.J, Bhartia, P.K., Wellemeyer, C.G. and Silberstein, D.K., 1986,
"Seven year's total ozone from the TOMS instrument - a report on
data quality”, Geophy. Res. Lett., 13, 1355-1358.

Herring, W.S., 1966, "Ozone and atmosplieric transport processes”, Tellus,
329-336.

Price, 1.D. and Vaughan, G., 1993, "The potential for stratosphere -tropo-
sphere exchange in cut - off - low system", Q. J. R. Meteorol. Soc.,
119, 343-365.

Wirth V., 1995, "Diabatic heating in an axisymmetric cut -off cyclone and
related stratosphere - troposphere exchange”, 0. J. Meteorol. Soc.,
121, 127-147.




	Image00001
	Image00002
	Image00003
	Image00004
	Image00005
	Image00006
	Image00007
	Image00008
	Image00009
	Image00010
	Image00011
	Image00012
	Image00013
	Image00014
	Image00015
	Image00016
	Image00017
	Image00018
	Image00019
	Image00020
	Image00021
	Image00022
	Image00023
	Image00024
	Image00025
	Image00026
	Image00027
	Image00028
	Image00029
	Image00030
	Image00031
	Image00032
	Image00033
	Image00034
	Image00035
	Image00036
	Image00037
	Image00038
	Image00039
	Image00040
	Image00041
	Image00042
	Image00043
	Image00044
	Image00045
	Image00046
	Image00047
	Image00048
	Image00049
	Image00050
	Image00051
	Image00052
	Image00053
	Image00054
	Image00055
	Image00056
	Image00057
	Image00058
	Image00059
	Image00060
	Image00061
	Image00062
	Image00063
	Image00064
	Image00065
	Image00066
	Image00067
	Image00068
	Image00069
	Image00070
	Image00071
	Image00072
	Image00073
	Image00074
	Image00075
	Image00076
	Image00077
	Image00078
	Image00079
	Image00080
	Image00081
	Image00082
	Image00083
	Image00084
	Image00085
	Image00086
	Image00087
	Image00088
	Image00089
	Image00090
	Image00091
	Image00092
	Image00093
	Image00094
	Image00095
	Image00096
	Image00097
	Image00098
	Image00099
	Image00100
	Image00101
	Image00102
	Image00103
	Image00104
	Image00105
	Image00106
	Image00107
	Image00108
	Image00109
	Image00110
	Image00111
	Image00112
	Image00113
	Image00114
	Image00115
	Image00116
	Image00117
	Image00118
	Image00119
	Image00120

