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LONG TERM TREND OF TROPOSPHERIC
OZONE IN WINTER SEASON

By Hisafumi MURAMATSU

Synopsis

Ozone partial pressure in the upper troposphere (500-250 mb) obtained from
umkehr observations over Japan shows different long term trends at Sapporo,
Tateno and Kagoshima for the period 1960-1985. At Sapporo and Kagoshima ozone
trend (umb/year) is positve, while negative at Tateno in winter. The trend of
ozone in the upper troposphere has the correlation with the trend of ozone transport
from the lower stratosphere over the individual station.

Positive trend at Sapporo in the upper troposphere is closely correlated with the
positive trends of both frequency of the intrusion event and the ozone concentration
in the lower stratosphere. At Tateno negative trend of ozone is due to the decreas-
ing trend of intrusion event. At Kagoshima ozone trend in the troposphere is
scarcely related to the intrusion event.
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Fig. 1. Vertical cross section of ozone observed from an aircraft. Thin line;
ozone mass mixing ratio (ppb): Heavy line; tropopause: Dashed line;
frontal boundary: Q) axis of jet stream.
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O3 downward flux = [O5]V,P.dS

o / [0s] : O3 density at 350 mb

mb
350 ™ — v
) \@ V, : Meon vertical velocity
N\
500™ NN R : Probability for Py, > 350 mb
S N
be dS : Area
P, Pyo - Pressure of tropopause

(3p : Ats of polar front jet stream

Fig. 2. Transport model to estimate the downward flux of ozone
from stratosphere to troposphere.
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Fig. 3. Ozone partial pressure in the
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upper troposphere in winter.
Vertical arrows; volcanic erup-
tion of Agung (1963) and El
Chichon (1982): *; data affect-
ed by the stratosphric aerosols
from the eruption of El Chich-
on. Regression lines for the
periods 1960— 1985 and 1960-
1982 are shown by the solid

and broken lines, respectively.
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Tablel. Trends (% per year) of ozone and intrusion frequency in winter with 95%
confidence limits.

Station Period Trend (9%/year) Period* Trend (9%/year)

Ozone Layer 1 (500 - 250 mb)

Sapporo 1960-1985 2.1 £ 2.2 1960-1982 1.4 £ 3.0
Tateno 1960~1985 —0.51 £ 0.78 1960-1982 —-0.81 £ 0.98
Kagoshima 1960-1985 3.1 + 1.7 1960-1982 1.5 =+ 1.8
Ozone Layer 2 (250 -125mb) **

Sapporo 1960-1985 1.2 * 1.7 1960-1982 0.94 = 1.98
Tateno 1960-1985 0.096 + 0.49 1960-1982 —-0.27 * 0.57
Kagoshima 1960-1985 0.14 = 0.97 19601982 -0.48 £ 1.1
Intrusion frequency

Sapporo 1960-1986 1.0 £ 1.4

Tateno 19601986 -2.0 + 2.1

Kagoshima 19601986 0.56 = 2.5

* :Data affected by the stratospheric aerosols from the eruption of El Chichon are omitted.
** . Trends are for the lower stratosphere at Sapporo and Tateno, and for the upper troposphere
at Kagoshima.
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Fig. 6. Seasonal ozone treds (¢ mb/year).
Circles show the trends for 1960 - 1985 and squares for 1960 - 1982. Solid circles
and squares show the trends significant with 0,90 confidence coefficient.
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