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The vertical distribution of mixing ratio of ozone
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ABSTRACT. In the present work a mathematical approach for the calculation of the vertical distribution
of mixing ratio of ozone in the turbulent atmosphere is carried out. The different atmospheric stratifications are
taken into consideration for the evaluation of the mixing ratio of atmospheric ozone at different altitudes. The
variability of solar radiation intensity on the vertical distribution of ozone in the troposphere and upper strato-

sphere is also considered.

1. Introduction

Metwally (1974) had studied observationally only
the vertical distribution of mixing ratio of ozone
over Sterling, U.S. A. (6=39" N, A=171° W)
under the effect of cyclone, anticyclone, warm
front and cold front. He found that the annual
average of mixing ratio is 0.0510—% at 1000 mb
and it increases with height to reach 10.3<10-%
at 20 mb.

Goshin (1964) made a nomogram, in which he
calculated the vertical distribution of ozone in the
atmosphere from z—=0 to 30 km with consider-
ing the turbulence and photochemical reactions
but he did not take into consideration the variability
of the density of air with height.

Goshin (1965) solved the differential equation
of turbulent diffusion of atmospheric impurity
taking into consideration the variability of air
density with height but he considered the
temperature to be constant. This condition is
being satisfied in respect of the layer of lower
stratosphere because the temperature of this layer
is constant.

Gager (1962) found that the heating in the
atmosphere is connected with the transfer of atmo-
spheric ozone from Arctic and Subarctic. Teweles
and Finger (1958) observed that the heating in the
stratosphere in Greenland during January 1958 is
accompanied with the increases of total amount of
ozone.

2. The method

If ozone istaken as an impurity orif there is a
source of ozone then, the diflerential equation of
turbulent diffusion of atmospheric impurities has

the form :
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where r is the mean mixing ratio of ozone in the
atmosphere and w is the effect of solar radiation
(Goshin 1964) on the mixing ratio of ozone. Let us
solve the Eqn. (1) according to the following
simple assumptions :

(1) The active transfer of ozone in the tro-
posphere and upper stratosphere equals

to zero, i.e., VUr= 0.

(2) Turbulent transfer of ozone in x and y
axesin the mentioned layers equals to zero
(i. e., the second and third terms of the
r.h.s. are equal to zero).

(3) The density of air varies with height
according to the relation :
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(a) For the troposphere p,, T, are the density
and temperature at the earth surface
respectively, and a has a positive sign
(+6.5°C/km).

(b) For the upper stratosphere py, Ty are
the density and temperature at the tro-
popause height, and « has a negative sign
(—3.5°C/km).

(4) Inthese layers k:—=k =constant.

(5) Stationary conditions are considered, i.e.,

arlaz=0

(6) The ozone concentration decreases or
increases in the layers under the effect of
solar radiation, moreover, the rate of its

change is W= —b D r (Goshin 1964).
where b is constant and D is the average intensity
of solar radiation.

For simplicity it is assumed that D is inde-
pendent of height.
Therefore Eqn. (1) becomes :
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Putling
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Eqn. (3) becomes :

! 2
Lo —eetry

oax
C :
where C = 1 di and € = -

Considering the solution of the unperturbed
equation :
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To introduce the perturbation term let
re=ry+er+ €r+

Substituting (6), Eqn. (4) yields according to
different orders in e to
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The solution of Eqn. (7) is given by Eqn. (5)
with Ay, B, determined from the boundary
conditions. Substituting Eqn. (5) into Eqn. (8)
we get :
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A; and By are determined from the initial
conditions,

Substituting Eqn. (10) into Eqn. (9) we get :
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whose solution is :

g = | o e iAl__ . e2T __L
rn=det B 100 Y ix a0
po Aot Byedttk

(4—2C) (16 —4C) T (4 + 2C) (16 + 4C)
(1)

elC+2)z

4. Results and calculations

e == Cy — az el & e
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(A) In the troposphere
ro = Ay + By (Co — az)¢ (12)
. , «—gR _
C = = =1 4 - =—0.28

ro=0at z=
rog =0.5x 10~ at z = 10 km (Goshin 1965)
Substituting in Eqn. (12) we get:
Ap = —7.08 x 10—% and By ==34.97 x 10—
We can also determine 4, and B, when :

n =0 at z=

and %{:— =0 atz=0

CoA1=0.184 and By =0.68
since € is small we can neglect €2 r,
and if Cy = To = 300°K.

We can calculate the distribution of mixing
ratiolof ozone in the troposphere at different values




VERTICAL MIXING RATIO OF OZONE

TABLE 1

The mixing ratio (< 10-°) of ozone in troposphere

r=r+n
.

%’gb.om 002 .003  .004

0.00 0.00 0.00
0.05 0.00
0.09
0.14 0.06
0.19
0.24
0.29
0.35
0.41
0.50
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TABLE 2

The mixing ratio (< 10—“) of ozone in the upper stratosphere

r=r kr
Ao

.002

of bp/k = .001, .002, .003, .004, these values are
taken from (Goshin 1965). The results are given in
Table 1.

Eqn. (3) and its solution give a new knowledge
on the vertical distribution of ozone and its relation
with thermal structure of the atmosphere and it
appears that the mixing ratio of ozone (r) reaches
its maximum value in the winter bp/k is small
(Table 1), and it reaches its minimum value in the
summer (bp/k is large}.

The mixing ratio of ozone increases with height
in the tropospheric layer. It begins from zero, at
z=0to 0.5x10-% at z=10 km with gradient
0.05x10— % per km.

From Table 1, we can also see that the mixing
ratio of ozone becomes zero at z—=1 km. when the
value bp/k=0.001. It also becomes zero at 2 km,
for bp/k--.003 or .004, but at 3 km it becomes
zero when bp/k-—=.004.

——

TABLE 3

The actual mixing ratio (< 10°°) of ozone at different
latitudes and heights

Latitude (season)
Py,

“9.4°N 304N 40.5°N
(spring (spring (winter
1962) 1963) 1963)

0.02 0.01 0.09
0.06 0.05 .14
0.08 0.09 19
0.12 0.14 .23
0.17 0.19 .28

14 13
12 13
11 10

According to the previous discussions we can
conclude that mixing ratio of ozone at lower tro-
posphere decreases when the intensity of solar
radiation increases,

(B) In the upper stratosphere

If a= — 3.5°C/km and C,=170° K, the tem-
perature of tropopause, the value of Cin the strato-
sphere equals 6.94, using Eqn. (3) as had been
followed in the troposphere we can get :

Ay = 1.3898 105,

By = —3.9745X 1022
and

A1 =4.5Tx10-2,

B, = 2.35x 1018

Using these values in the solution of Eqn. (3)
we can calculate the values of the mixing ratio of
ozone in the upper stratosphere (Table 2).

From Table 2 it appears that the mixing ratio of
ozone in the upper stratosphere reaches its maxi-
mum value in summer (when bp/k is large) but the
mixing ratio of ozone reaches its minimum value in
the winter when the value is bp/k small. These
results coincide with the results of photochemistry.

The mixing ratio of ozone r decreases with height,
it begins from 12.70x 10—0 at z==30 km to zero at
z=>54 km.

To test the theoretical results, we use Table 3.
The actual observations of mixing ratio of ozone in
spring at Panama Canal (Lat. 9.4° N) coincide
with the results in Tables | and 2 when bp/k =
0.004. The actual observations coincide with the
theoretical results in Florida (Lat. 30.4° N)
when bp/k=0.002, also the actual observations
agree with the theoretical results in Colorado
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(Lat, 40.6° N) when using the solution of

unperturbed equation.

Thus when bpfk is large, our equation is
suitable for low latitudes, but when &bp/k is
small (less than 0.003) it is suitable for latitude less
than 40°. The solution of unperturbed equation
is suitable for middle latitudes.
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