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The objective of this work is to estimate the reaction
of the ozone layer to the increase in molecular hydro-
gen concentration in the stratosphere. The performed
investigations into characteristics of the ozone anom-
aly, caused by the increase in hydrogen concentration
and investigations of hydrogen emergence in the atmo-
sphere in the process of the Earth’s degassing, have
shown that the power of the known hydrogen sources is
insufficient for affecting the ozone layer.

The annual supply of hydrogen into the Earth’s
atmosphere amounts to 40–130 Tg, and its average vol-
umetric mixing ratio in the atmospheric is 
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[1]. The oxidation of methane and other hydrocarbons,
anthropogenic activity, and burning of biomass are the
main sources of molecular hydrogen. The cold degas-
sing of the Earth (release in rift zones, large faults, areas
of kimberlitic diamondiferous magmatism, and so on)
provides only a small contribution (~6 Tg/yr) to the
total hydrogen flow [2]. The sink of hydrogen is nearly
equivalent to the inflow. Thereby, the main mass of
hydrogen is absorbed by soil or removed from the
atmosphere by reacting with hydroxyl in the tropo-
sphere. However, anomalously high hydrogen fluxes
can be created in some areas. For example, as much as
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/yr (0.1 Tg/yr) of hydrogen is supplied into oce-
anic water from rifts of the World Ocean bottom [3].
Intense hydrogen streams have been detected in shields
and mountainous foldbelts. For instance, a discharge of
gas stream in the Udachnaya kimberlite pipe attained
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/day [4], including about 50 vol % of hydrogen
and the remainder represented by methane.

Hydrogen is much lighter than air and, in principle,
a hydrogen cloud can rise rather high and can even
partly penetrate into the stratosphere, in particular,
affecting equilibrium [O
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] concentration in ozone layer
[1]. Moreover, one highly disputable hypothesis [5]
suggests the formation of ozone anomalies as a result of
generation of the vertical hydrogen flow in the atmo-
sphere above tectonic faults.

The calculation of equilibrium ozone concentrations
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 and numerical modeling of the ozone layer
destruction owing to an increase in hydrogen concen-
tration has been carried out on the basis of a one-dimen-
sional photochemical model of the atmosphere [6].
When varying hydrogen concentration, it has been dis-
covered that a rather appreciable destruction of ozone
begins if the concentration is two orders of magnitude
higher than the background value. The deepest ozone
anomalies occur at high latitudes. We present here the
results for the case in which hydrogen concentration at
70
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 N was two orders of magnitude higher than the
background content. The elevated hydrogen concentra-
tion was maintained for the entire duration of computa-
tion. Under these conditions, the maximum decrease in
ozone concentration at a height of 20 km reached 25%,
with a decrease in the total ozone content by approxi-
mately 10%.

Figure 1 shows the relative deviations of ozone con-

centration  versus the starting moment of distur-

bance. As follows from this figure, the ozone concen-
tration decreases only from the early autumn to the
early spring. If the disturbance is introduced within this
time interval, then the maximum deviation (~25%) of
ozone concentration is achieved by the introduction of
a disturbance in the early autumn; however, the ozone
concentration in this case drops slowly and the distur-
bance duration is maximal (6 months). When the distur-
bance is introduced later, the duration of ozone anom-
aly development decreases, and the deviation also
becomes smaller.

Note that the ozone concentration is largely reduced
at heights below the maximum of the ozone layer.
According to the calculations, the deviation of ozone
concentration from the background value at a height of
30 km is three times smaller than the deviation at a
height of 20 km and five times smaller than at a height
of 15 km.

Thus, the 100-fold increase in molecular hydrogen
concentration in the stratosphere makes it possible to
create an ozone anomaly under certain conditions. The
characteristic duration of anomaly development is
about 100 days.
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Let the characteristic area 

 

S

 

 of the ozone anomaly be
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. Using [7], it is not difficult to show that the
100-fold increase in hydrogen concentration within a
cylindrical body with a base area 

 

S 

 

and with a height 

 

h

 

of the ozone layer requires a supply of ~0.05 Tg of
hydrogen. The supply to the ozone layer may be either
as a gradual process, provided by the multifold penetra-
tion of relatively small portions of hydrogen released
from the lithosphere, or as a spontaneous powerful emis-
sion of hydrogen from the lithosphere. To constrain the
possibility of hydrogen emergence into the stratosphere,
the numerical modeling has been carried out.

Let us consider a case of spontaneous hydrogen out-
flow from the Earth, i.e., suggest that the time of hydrogen
emission is much less than the characteristic time of emer-
gence. Under such conditions, one may assume that at the
initial moment hydrogen occupies a spherical volume of
radius 

 

r
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 near the Earth’s surface. This regime of outflow
appears to be the most efficient in terms of reaching the
maximal height of ascent at the given mass of hydrogen,
because the surrounding air does not mix during outflow.
Thus, one can estimate the minimal volume of hydrogen
outflow that provides for a break of the tropopause. If this
volume turns out to be comparable with hydrogen supply
from known sources, this may serve as a ground for setting
new, more comprehensive studies that take into account
the development of outflow.

We conducted calculations of the emergence of the
spherical hydrogen body at variable 

 

r

 

0

 

. The modeling

of convective flows was carried out in terms of two-
dimensional axisymmetric Navier–Stokes equations in
hyposound approximation [8]. The technique [8] satis-
factorily describes slow gas dynamic processes in a het-
erogeneous compressible atmosphere. The turbulent
mixing of hydrogen with the surrounding air was taken
into account using a constant effective Reynolds num-
ber. The standard stratification of the atmosphere was
accepted.

Figure 2 demonstrates the dynamics of hydrogen
cloud emergence as a function of the initial radius of the
parental spherical hydrogen bodies. The cloud height is
determined by the location of the concentration maxi-
mum. As follows from calculations, the hydrogen emis-
sion with a bubble radius as large as 350 m (mass of
emission is less than 0.01 Tg) remains within the tropo-
sphere. Hence, the relatively small portions of hydro-
gen will not penetrate into the stratosphere.

As was shown above, the development of an ozone
anomaly 10
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 in area is provided by an increase in
hydrogen mass in the ozone layer by approximately
0.05 Tg that corresponds to a spherical hydrogen body
with a radius of ~500 m. The height of cloud emergence
in this case is ~12.5 km (Fig. 2). Thereby, a relatively
small (tens of kilometers in the lateral direction and a
few kilometers in the vertical direction) inhomogeneity
is formed. The maximal hydrogen mass concentration
therein reaches 
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 = 250 s, see Fig. 3).
Because the molecular weight of hydrogen is approxi-
mately 15 times lower than the molecular weight of air,
the volumetric mixing ratio is 
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, i.e., more than
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Fig. 1. 

 

Variation of ozone concentration at a height of 20 km
vs. time (curves 

 

1, 2, 3

 

, and 

 

4

 

 correspond to the disturbances
beginning from the 1st, 100th, 200th, and 300th days from
July 1, respectively).
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Fig. 2. 

 

Dynamics of hydrogen bubble emergence at various
initial radii 

 

r

 

0

 

 (dashed line designates the tropopause).
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four orders of magnitude higher than the background
value (
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). Thus, during ~5 min, i.e., virtually
instantaneously as compared to the characteristic time
of the ozone anomaly development (100 days), the
concentration of hydrogen became substantially higher
than the background value in a cylindrical body with a
base of ~100 km

 

2

 

 in area. The subsequent wind diffu-
sion becomes the crucial process controlling the
decrease in hydrogen concentration. According to our

estimates, the hydrogen concentration may drop by
three to four orders of magnitude over the course of 15–
30 days owing solely to winds in the stratosphere and
diffusion.

Thus, the ozone anomaly may develop by the
release of more than 
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 (0.05 Tg) of hydrogen
over a duration of time that is much less than that nec-
essary for the cloud formed by spontaneous emission
(~5 min, see Fig. 2) to hover in the stratosphere. The
release of such volumes of hydrogen in the course of a
year or longer period is typical of vast territories. In this
case, hydrogen is supplied slowly and is caught up by
winds. Thus, it is involved in the general circulation of
the troposphere. The localized sources of such volumes
of hydrogen that could be rather quickly emitted in the
atmosphere are unknown. Hence, the ozone anomalies
cannot be formed above the slow hydrogen sources in
the course of the Earth’s degassing.
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Fig. 3.

 

 Fields of velocity and mass concentration of hydro-
gen at 

 

t

 

 = 250 s.


