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Abstract 
For the first time, functioning of the planetary climate system is considered in 
terms of the self-organization laws with account of positive and negative 
feedbacks. It is shown that the maximum risks in the development of positive 
feedbacks that can lead the climate system to a planetary catastrophe, are as-
sociated with an unprecedented increase in the concentration of methane in 
the atmosphere. Over the last 30 years, its concentration in the atmosphere 
has increased by 2.5 times and continues to grow exponentially. In this review, 
we show that today the principal source for increase of methane concentration 
in the atmosphere is the self-accelerating decomposition of methane hydrates 
in the cryosphere of the Northern Hemisphere. In the history of the Earth, the 
emissions of methane into the atmosphere due to mass decomposition of methane 
hydrates led to climate-induced biosphere catastrophes. Paleo-reconstruction anal-
ysis of greenhouse gas concentrations in the atmosphere and its temperature 
over the last 420,000 years has allowed us to conclude that the self-organizing 
planetary climate system is currently in a state of dynamic chaos (close to the 
bifurcation point). This means that even a relatively weak impact on it, also of 
anthropogenic characters, is able to affect the planetary climate system to se-
lect its future development trajectory. 
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1. Introduction 

One of the most important and most debated problems of the XXI century is the 
climate change, which is mainly associated with increase in greenhouse gas con-
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centrations in the atmosphere. Methane is one of the three natural compounds 
(water, carbon dioxide, methane) that define the greenhouse effect of the Earth’s 
atmosphere and related climatic changes. Contributing to the greenhouse effect, 
water vapor is in the first place (36% - 72%), followed by carbon dioxide (9% - 
26%), and methane in the third place (4% - 9%) [1]. Until recently, methane 
along with ozone, nitrous oxide and other gaseous components were considered 
as greenhouse gases in the atmosphere, whose influence can be neglected. How-
ever, over the last 150 years, methane concentration in the atmosphere has in-
creased drastically, according to the different estimates, from 2 [2] [3] to 3.5 
times [4]. Especially the increase by 2.5 times—from 700 to 1800 ppbv over the 
last 30 years is important to mention [3]. The increase of methane concentra-
tions over the past millennium is plotted in Figure 1 [5], concluding that in the 
next 50 - 60 years the doubling of the concentration of CH4 is expected. As can 
be seen, the dependence is exponential. 

Currently, the concentration of CO2 in the atmosphere is much higher than 
that of CH4 (360 ppmv and 1720 ppbv, respectively). The lifespan of carbon dio-
xide in the atmosphere is about 10 times higher than that of methane [3]. CO2 is 
the main component of industrial emissions and combustion products. As a re-
sult, the reasoning that carbon dioxide is the main factor in global climate 
change is riddled with. At the same time, it should be noted that carbon dioxide 
is characterized by different mechanisms of sink from the atmosphere, the main 
of which are: dissolution in water (the sea and oceans) and absorption vegeta-
tion. In contrast to CO2, methane is very slightly soluble in water and its main 
sink in the atmosphere is carried out chemically, namely, by interaction with the 
OH radical [6] [7] [8] [9]. The process of chemical methane sink occurs in mul-
tiple stages. An intermediate product of interaction is formaldehyde, which in 
turn triggers new cycles [7]. The stable products of the multi-step conversion 
cycle are CO2, H2O, O3. Those, during the transformation of methane, form new 
 

 
Figure 1. Change of the atmospheric methane content from 900 to 2000 A.D. [5]. 
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gaseous compounds, which also create a greenhouse effect. As a result, the sink 
of CH4 in the atmosphere does not lead to the complete disappearance of the 
greenhouse effect caused by this gas. Gaseous intermediate and final reaction 
products will contribute their share of the greenhouse effect to the atmosphere. 
In addition, the lifespan of methane in the atmosphere depends on its concen-
tration. With increasing concentration, the lifespan [7] [9] also increases, which 
is due to the chemical way of methane sink in the atmosphere. In the 
pre-industrial era, it used to be 8.4 years, but in modern conditions, 10 - 12 years 
[7] [9].  

By the end of the 20th century CH4 contribution to the greenhouse effect has 
already reached 27% relative to the contribution of CO2 [10]. Those are the 
minimum estimates of the CH4 contribution to climate change as its radiation 
activity is 25 - 30 times higher than that of CO2, while the increase in the con-
centration is 2 - 4 times higher [4]. It is stated that the climate role of CH4 was 
underestimated by approximately 20% - 40%. It should also be noted that only 
methane has a potential source in the form of methane hydrates, through which 
the concentration of this gas in the atmosphere can increase significantly. Con-
nected to the growing role of methane in the climate system, it appears necessary 
to refine the balance of its mass in the atmosphere and the spatial position of its 
major sources. 

2. Sources of Methane Emission 

Currently, quantitative and genetic estimates of methane sources on the planet 
are largely undefined. According to [3], the mass of CH4 in the atmosphere is 
increasing at a rate of 20 million tons/year, and its contribution to the atmos-
phere is 5200 million tons. The flux of CH4 into the atmosphere is estimated to 
be ≈ 650 - 600 million tons [3] [10] [11] [12] [13]. In recent years, due to the 
inability to cover the whole spectrum of CH4-sources, its global flux is estab-
lished from the condition to maintain a balance, determined by the influx of CH4 
from the lithosphere and the ocean, sink in the atmosphere and the observed 
spatial and temporal changes in mass. Since methane is not able to form in the 
Earth’s atmosphere, its global flux is made up by the sum of the rate of mass 
change in the atmosphere and sink in it [3]. 

2.1. Cryolithozone of the Northern Hemisphere—A Regulator of  
Methane Emission 

The main feature of the global CH4 flux is the establishment of different flow 
modes in the Northern (NH) and Southern (SH) hemispheres [3] [14] [15]. In 
the SH, the concentrations of CH4 do not depend on latitude and are determined 
only by seasonal variations. In the NH, a noticeable increase in methane con-
centration with increasing latitude can be observed and its variations do not 
match the seasonal variation of solar radiation [3] [14]. In the continental part of 
higher latitudes in the NH, CH4 concentration increases dramatically in autumn 
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(August-September) and continues to increase until December. It is obvious that 
the increase in mass of methane at this time of the year in the NH atmosphere 
“is related to the entry into force of the sources of the Arctic region” [3]. Recal-
culations carried out by the authors and based on the maintenance of balance of 
methane in the atmosphere, resulted in following: sink and influx of methane in 
the SH amount is approximately 470 million tons/year with seasonal fluctuations 
of 36 million tons/month in June-July, and 43 million tons/month in Decem-
ber-January. The methane sink in the NH is about 510 million tons/year, its in-
come is 530 million tons/year, with seasonal fluctuations of 25 million tons/month 
in December-January and 70 million tons/month in August-September, i.e. the 
increment of its content is about 20 million tons/year (Figure 2). 

As the concentration of CH4 grows in the NH with increasing latitude, it can 
be assumed that its debits growth is related to the temperature regime in the 
permafrost zone. Apparently, the influx of CH4 to upper horizons of permafrost 
is ensured by its migration from deeper horizons of sedimentary cover, in which 
reserves of hydrocarbons are concentrated. In permafrost conditions, the gas is 
conserved in the form of gas hydrates. 

Moreover, relict methane hydrates may be found in permafrost. Their forma-
tion near the surface of the ground appear to have occurred due to decomposi-
tion of organic material in water-saturated rocks under certain thermobaric 
conditions, created by the action of an external load, such as an overlying ice 
sheet [16]. When permafrost thaws, gas hydrates begin decomposing and the 
fluid migrates into the atmosphere. It is in August to September when perma-
frost thawing reaches a maximum in coastal areas of the NH. According to [17], 
the following dynamic of increasing the depth of the seasonally thaw layer in 
tundra soils could be observed: 45% - 50% of it thaws by the beginning of July, 
80% - 90% by early August, and 100% by September (Figure 3). The completion 
of seasonal thawing by September occurs in most of the taiga permafrost zone of 
North Asia [18] [19] [20] [21]. 

At the same time, in August and September the temperature of the bottom 
water layers in thermokarst lakes reaches a maximum. In lakes with a depth of 1 
- 2 m the temperature is quickly established throughout the depth, reaching 
20˚C in the taiga zone. In deeper lakes (6 - 8 m) the temperature at the bottom 
reaches +4˚C to +5˚C in the tundra zone, and +10˚C in the taiga zone [22]. High 
temperatures at near-bottom layers of water cause disruptions of the upper per-
mafrost horizons, up to forming sublake taliks [23] [24] [25].  

Gas hydrates are able to be in a state of self-preservation [26], which is due to 
the formation of an ice cover on the surface of hydrate particles as a result of the 
endothermic decomposition of methane hydrates, which prevents their free re-
lease of gas [27]. Violations of the metastable state may occur as a result of a 
0.5˚C - 1˚C increase in permafrost temperatures and reduce of external pres-
sures of 0.1 - 0.2 atmosphere. Such conditions are reached by increasing the sur-
face temperature of the air in the Arctic in the past 30 - 50 years.  
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Figure 2. Seasonal dependence of the variation rate of the methane mass in the 
atmosphere of the Southern and Northern Hemispheres in 1996 [3]. 
 

 
Figure 3. The average rate of seasonal thawing tundra soils in the area of the 
lake Achmelo (the lower stream of the Kolyma river) [17]. 1—according to 
the 1989 defined in multiple replications; 2—according to the 1989 defined 
in a single repetition; 3—according to the 1990 defined in multiple 
replications; 4—according to 1990, defined in a single repetition; 
5—according to 1991 identified in multiple replicates. 

 
According to [28] in the Arctic (60 - 85˚N) the increase in constant deviation 

in the mean annual temperature has reached +2˚C since 1980, while in the 
Northern Hemisphere (0 - 90˚N) it was only +0.7˚C. According to [29], the sur-
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face air temperature in the Arctic regions of Russia changes at a rate of 0.6˚C - 
0.9˚C/year. The increases of permafrost temperatures are approximately 1.5 
times less than those of air temperatures on the earth’s surface [29]. I.e. the per-
mafrost temperature can only increase in around 0.4˚C a year. The uplift of the 
Arctic plains territory [30], associated with glacioisostatic movements [31], can 
contribute to the decrease in hydrostatic pressure and increase in permeability in 
permafrost. 

Gas bubbles of CH4 are often observed on the surface of lakes in tundra zones 
[32] [33]. Its emissions are also encountered in boreholes when drilling in the 
base of the annual temperature variations layer in the tundra and taiga zones. 
The isotopic analysis of the gas bubbles from the tundra zone showed that CH4 
from tundra lakes has a more “heavy” isotopic composition than the typical bio-
genic methane (marsh gas), for which applies: δ13С = −66 ÷ −100‰ [3]. Ac-
cording to [32] [33] [34], CH4 can be formed due to decompositions of organic 
matter from cryogenic sediments of the Arctic plains. The highest methane flux 
is observed during the maximum seasonal thawing of permafrost, rather than in 
the period of maximum air temperatures during summer. This also indicates the 
deep-seated origin of methane.  

According to [32] the lakes of Northern Siberia deliver 3.8 million tons of 
methane/year into the atmosphere and the estimated emission from Northern 
wetlands of <6 - 40 million tons/year should be increased by 10% - 63%. In this 
way, the share of Northern wetlands should account for about 10% of methane 
emission in the NH.  

Numerical modeling carried out by [8] using the global chemical and climatic 
model of the lower and middle atmosphere showed that the contribution of me-
thane emissions from Arctic gas hydrates to global emissions is currently unde-
restimated. 

2.2. Shallow Shelf of the Northern Hemisphere—A Main Source of  
Methane Emission 

The shallow shelves of the Arctic seas, particularly the seas of the Eastern Arctic 
(the Laptev, East Siberian and Chukchi sea), are the most extensive shelfs of the 
World Oceans: they hold a significant portion of the shallow gas hydrates (GH) 
and 80% of the submarine permafrost [35] [36]. It is also regarded as the main 
supplier of methane in the NH [8] [37]. In the arctic region (north of 66˚N), 
methane flows from gas hydrates make up about 50% of the total flow, and north 
of 75˚N, the flow of methane from gas hydrates is the only source [8].  

In relation to the submarine permafrost there are two points of view. The first 
and most common, is based on the concept of the substantial thickness of per-
mafrost, its low temperatures, gas isolating properties, and stable state of GH in 
it [35] [38] [39]. Its supporters come from the fact that the change in the isolat-
ing properties of submarine permafrost is determined only by climatic changes. 
According to them, a modern shallow shelf of the Eastern Arctic seas is com-
posed of Ice Complex—a stratum of silty sediments with ice wedges. In this case, 
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the permafrost thickness would be several hundred meters. They believe that by 
the end of the year 3000 the thickness of the upper layer of thawed sediments 
will be 90 m and is not going to reach the threshold of the zone of GH distribu-
tion, which is at a level of 100 - 140 m under the bottom shelf, so that the «me-
thane catastrophe» on the shelf seas of the Eastern Arctic will be not possible 
[35] [40]. This point of view does not explain the widely ubiquity of methane 
outputs in the shallow shelf, its high constant influx and the presence of areas on 
this territory with a small thickness and high temperatures of permafrost. 

An alternative viewpoint is that, in addition to climate, there are many other 
factors destabilizing submarine permafrost. These are physical factors as the sa-
linization of underwater soil and unfrozen water, taliks, degassing processes on 
various types of channels and the destruction of the storages of gas hydrates, etc. 
[37] [41]. Author of another research papers [40] [42], supports the point of 
view of the stable state subaquatic permafrost nonetheless considers it necessary 
to take into account the destabilizing factor in a possible development of ther-
mokarst lakes and the formation of submarine taliks. “Talik formation below 
paleo-river channels creates permeable pathways for gas migration from depth” 
[41]. According to [41] that “sustained submergence into the future should in-
crease gas venting rate roughly exponentially as sediments continue to warm”. 
In our opinion, all these factors are of importance for the degradation of perma-
frost, but do not explain the “methane explosion” occurring in the Holocene. The 
decisive condition cardinally changed the permeability of the permafrost zone, 
which apparently is the glacioisostatic rise of the modern shelf and adjacent 
land, resulting in horizontal stretching of the upper permafrost horizons, and 
therefore tension cracks [30] [31]. According to this theory, a large part of the 
shallow shelf of the Eastern Arctic in the Late Pleistocene was probably covered 
with ice sheet, not allowing an Ice Complex to be formed here [31] [43] [44]. 

Temperatures of permafrost under the ice sheet were most certainly not high 
and did not differ heavily from the current. Modern submarine permafrost has a 
complex discontinuous or even sporadic distribution with a temperature of not 
more than −2˚C [31] [45] [46] [47]. Despite an infrequent observation network, 
areas with a thin submarine permafrost have been established. For instance, in 
the Dmitry Laptev Strait, the thickness of submarine permafrost exposed by 
drilling varied from 2 to 20 m [37]. I.e. the thickness of permafrost on the shelf 
seas of the Eastern Arctic can apparently not constitute an insurmountable ob-
stacle to the emission of gas into the atmosphere. 

The shelf at the Eastern Arctic has an abnormally high methane concentration 
in the water [4] [37], a high background flow of CH4 and local sources with a 
high output of gas [35]. The average CH4 emission is 3 mg/m2*day, although 
from its localized plumes on the shelf it is 13 mg/m2*day [35]. During the 
ice-free period, local sources of methane on the East-Arctic shelf put up to 13.7 
× 104g·km−2 CH4/year [37]. High concentrations of methane in the water and 
over water air layers indicate significant permeability of submarine permafrost 
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in the Arctic seas. Surface waters in half of the studied water areas were ex-
tremely saturated with methane at an average of 8.8 times. Areas in which the 
concentration of dissolved CH4 was extremely high, exceeding the average of 80 
to 1400 times, were observed. The flow of gas bubbles that were most likely asso-
ciated with the destruction of GH were detected [37]. Numerous observations 
suggest that GH may be located even at the surface of the seabed, if the content 
of hydrate-forming gas exceeds the limit of its solubility in water. To maintain 
such a high gas concentration in case of GH formation, the existence of a con-
stant inflow of CH4 to the bottom surface is required [48]. Perhaps, in this case, 
the formation of dissipative gas hydrate structures in the sink of deep fluid out-
puts takes place. 

It is quite possible, that at the seabed of the Eastern Arctic similar GH can be 
found, which is in an unstable state and might break down with even small in-
terventions in the environment. So in the Laptev Sea near the Lena River delta 
the emissions of gas from sediment sources were observed, caused just by the 
working marine engine [49]. In some cases emissions raised to 0.7 - 2.1 g 
CH4/sec, which is comparable to the capacity of deep-sea mud volcanoes. Ob-
tained using satellite data [50] of methane concentrations over the Okhotsk Sea 
during the autumn-winter season 2015-2016, indicating the detection of anoma-
lies of atmospheric methane, which reaches 70 - 100 ppb, compared to previous 
years. Methane abnormality along the north-western coast of the Okhotsk Sea 
can presumably be explained by the release of methane into the atmosphere as a 
result of degradation of the natural subaquatic permafrost, similar to processes 
occurring in the Laptev Sea. In [51] it is noted that in the coastal zone of the 
Laptev and East-Siberian seas there are noticeable changes in the cryogenic 
complex (permafrost rocks, ice seashores) caused by the degradation of the roof 
of subaquatic permafrost. It is also noted that the intensification of destruction 
rates of thermoabrasion shores occurred in the period from 2000 to 2009.  

According to its isotopic composition, the gas dissolved in the sea water is 
thermogenic (δ13С—from 50.9‰ to 63.4‰ and D—from 47.5‰ to 65.8 ‰) and 
gas hydrate (13С—from 63‰ to 58‰ and δ D—from 176‰ to 196‰) [37]. It is 
heavier than the gas in the tundra lakes. This also points to a higher permeability 
of submarine permafrost than permafrost of the Siberian coastal plains. Methane 
from shallow shelf of high-latitude seas is most likely epigenetic [37] [52] and its 
emission is provided by the influx of gas from the depths. The total emission of 
methane from the shallow shelf of the Eastern Arctic seas is at least 8 million 
tons/year, but a more recent estimation considering the bubble migration is 17 
million tons/year [37]. The flux of methane from the bottom of the shallow shelf 
is also observed in the North-American sector (Beaufort Sea) of the Arctic ocean 
shelf [41] [53]. “An estimate of the maximum gas flux at the present time for 
conditions at the East Siberian Arctic Seas is 0.2047 kg yr−1 m−2, which produces 
a methane concentration of 142 nM in the overlying water column, consistent 
with several field observations. For conditions at the North American Beaufort 
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Sea, the maximum gas flux at the present time is 0.1885 kg yr−1 m−2, which pro-
duces a methane concentration of 78 nM in the overlying water column” [41]. 
According to [54], the decomposition of GH at the shelfs of the World oceans 
delivers today’s methane at least as much as all its sources on land. As can be 
seen from the examples above, submarine permafrost is sufficiently permeable to 
fluids, and their emission into the atmosphere appears to be controlled by the 
state of the permafrost zone. 

The total carbon stock in GH is estimated to be at 1.0 - 1.2 × 104 Gt. In com-
parison, about 0.8 × 104 Gt of carbon is dissolved in the ocean, ≈ 0.2 × 104 Gt is 
in the soil and plants, ≈ 0.073 × 104 Gt in the atmosphere, and ≈ 0.5 × 104 Gt 
are the total reserves of fossil fuel, including coal [13]. The currently available 
simplified evaluation of changes in temperature profiles of the Earth’s crust [55] 
allows us to conclude that submarine GH, located in the waters of the World’s 
oceans, inland seas and lakes, may not be a source of concern yet. With any 
change they will remain stable in the next thousands of years. The greatest dan-
ger is GH, which is now already in a metastable state in permafrost and at the 
bottom of the Arctic Ocean. Particularly vulnerable to climate change are GH 
sediments of the Arctic continental shelves. According to the data above, the 
minimum emission of methane in the NH can be estimated as following: North-
ern plains—6 - 40 million tons/year, lakes of the Northern plains— ≈ 4 million 
tons/year, shallow shelfs of all waters in the Arctic Ocean—8 - 20 million 
tons/year. That significantly covers the excess emissions of the NH (20 million 
tons/year) and considerably affects the rate of global warming [56]. According to 
[14] additional streams of methane in the NH are estimated to exceed 150 mil-
lion tons/year, including the contribution in shallow-water of the Arctic shelf at 
90 million tons/year, emissions from thermokarst lakes in Eastern Siberia and 
Alaska at 24 million tons/year, and geological sources of 35 million tons/year. 

2.3. Role of Global Climatic Warming in the Increased Methane  
Emission 

The relationship between methane emissions and climate warming is not ran-
dom. Especially in the North-East of Asia, in the coldest region of the NH, the 
average annual temperatures grew at a trend of 0.06˚C to 0.09˚C/year over the 
last 50 years [57]. And especially there, there is an increase in methane emission 
rates, whose concentration was at least doubled in the past 40 - 60 years (see 
Figure 1). This can lead to an abrupt rise in temperature of 1˚C - 1.3˚C in the 
near future (in about 30 years), and 3.3˚C by the end of this century [37]. Such 
high rates of temperature increase can be explained by positive feedbacks in the 
climate system, which includes the growth of temperature in lower atmosphere 
layers and the earth’s surface, causing an increase in greenhouse gas emissions, 
followed by further warming of the atmosphere and underlying surfaces. In ad-
dition, this increase is already beginning to trigger other processes in the Arctic 
as the reduction of the ice cover, a longer duration of the ice-free period [37], 

 

DOI: 10.4236/ajcc.2018.72016 244 American Journal of Climate Change 
 

https://doi.org/10.4236/ajcc.2018.72016


S. Kh. Lifshits et al. 
 

enhanced wind activity and the destruction of coasts, sea transgression, and the 
degradation of permafrost. 

It is possible that formation of the famous funnels in the Yamal Peninsula in 
2014-2016 that occurred explosively, as well as formations of various small 
round lakes, were due to the decomposition of GH in cryolithozone [16]. The 
first discovered funnel has a depth of approximately 200 m (upper diameter 60 
m, lower 40 m) and it is the upper limit of GH occurrence in the cryosphere [13] 
[58]. A significant risk is posed by the potential proximity of the formed funnels 
to animal burial sites and graves of people who died from highly dangerous in-
fections in the XVIII-XX centuries and were buried in the upper layer of the 
permafrost since the formation of the funnels is accompanied by powerful ex-
plosions due to high pressure of gas accumulating under the overlying frozen 
ground. With the blast of the explosion, the spores of bacteria can spread to tens 
and hundreds of meters. For example, the scattering of soils at funnel formation 
on the Yamal Peninsula was as much as 120 m. It is not excluded that outbreak 
of anthrax on the Yamal Peninsula in summer 2016 was not only due to favora-
ble weather conditions (hot July), but the decomposition of GH in thawing per-
mafrost. The increase of temperature on the Earth’s surface by 3˚C can lead to 
destabilization of ≈ 85% of the existing deposits of oceanic GH, which will re-
sult in the release of (4 ÷ 8) × 103 Gt of carbon, while its amount (in form of 
methane and carbon dioxide) in the modern atmosphere is only 730 - 760 Gt 
[13] [37]. 

Authors [59] give the reasons for the urgency of adaptation to the current and 
expected impacts of climate change in the Arctic with some variation in order to 
reduce the populations and economics entities vulnerable to these changes. [60] 
discussed the problems associated with the emission of methane into the at-
mosphere in the Arctic region and climate warming.  

3. “Methane Catastrophe” as a Result of a Critical State of the  
Planetary Climate System 

3.1. Increase in Methane Emission due to Operation of  
Self-Regulating Climatic System 

The Planetary climate system is an open thermodynamic, strongly 
non-equilibrium and non-linear, i.e. self-regulating dissipative system [61]. 
Current climate warming with an interval from 0 to 12 kyr (Figure 4) is one of 
several very similar temperature peaks of the last 450 kyr. The last closest to the 
current maximum was reached about 117 - 127 kyr. During these peaks, also in 
the present, the temperature of the surface air layers and the emission of green-
house gases dramatically increases, glaciers are receding, and wind and humidity 
conditions change abruptly. Particularly important is the inflection point on the 
temperature curve, which is where the temperature growth in the atmosphere 
and earth’s surface is sharply decreasing (see Figure 4). In this state of the cli-
mate system (called “dynamic chaos”), a bifurcation point is approached due to  

 

DOI: 10.4236/ajcc.2018.72016 245 American Journal of Climate Change 
 

https://doi.org/10.4236/ajcc.2018.72016


S. Kh. Lifshits et al. 
 

 
Figure 4. Changes in the concentrations of CO2 (a) and CH4 (c) in the atmosphere and 
air temperature (b) in Antarctica over the last 420 thousand years [62]. 
 
very weak fluctuations, a system selects the further way of evolution: the de-
crease or the continuing increase of temperature and emissions self-accelerating 
vectors. Currently, the climate system is in fact at a point of bifurcation. This can 
be proven by the increasing number of weather disasters.  

For example, according to Roshydromet’s statistics, the number of dangerous 
weather-related phenomena in Russia has almost doubled over the past 25 years 
[63]. After analyzing 50 different models describing climate changes the authors 
of [64] concluded that the more frequent happening of extreme weather pheno-
mena in the world is related to the increase of greenhouse gases concentration in 
the atmosphere. They state that it is possible to trace the relationship between 
the human-induced global warming and the frequency of extreme weather 
events. The relationship between climate change and the emergence of natural 
disasters was proved by American scientists [65] who discovered traces of 
warming by the study of tropical cyclones in the Pacific, unusually high summer 
temperatures in Europe, China, South Korea and Argentina, as well as forest 
fires in California. Climate change has also catalyzed drought in Africa and the 
Middle East, snowstorms in Nepal and torrential downpours that have caused 
floods in Canada and New Zealand.  

It should be noted that unlike the previous temperature maxima (117 - 127 
kyr and others) the present-day extreme concentrations of greenhouse gases: 
CO2 and especially CH4, in the atmosphere are significantly (30% and 145%, 
correspondingly) higher, and continue to grow. At the bifurcation point, even a 
very weak change in control parameters or other variables influencing the cli-
mate system can cause a cumulative effect and due to the fact that positive feed-
backs will not be replaced by negative feedbacks, it is likely to withdraw the sys-
tem in the area of other patterns, until it loses the ability of self-regulation and 
self-organisation. 

One possible option for the destruction of the functioning climate system is a 
dramatic warming «methane catastrophe», which leads to a loss of oxygen in the 
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oceans and is followed by the destruction of the Earth’s global ecosystem [9] 
[66]. A danger signal for the possibility of the «methane catastrophe» is the un-
precedented growth of methane in the atmosphere (see Figure 1). This pheno-
menon has generated a series of hypotheses (i.e. “The Hypothesis of a methane 
climate catastrophe”) which is stating that by increasing the oceans temperature 
(and/or fall of its level) CH4 can suddenly be released from sediments of GH 
under the seabed (or from permafrost). In the Earth’s history, such catastrophic 
events had already taken place in Mesozoic and Cenozoic time, accompanied by 
global oceanic anoxic events [66]. Recent rapid warming (over several millennia) 
can be dated about 55 million years ago, between Paleocene and Eocene epochs 
(Paleocene-Eocene Thermal Maximum (PETM)). It is assumed that it was 
caused by the decomposition of almost all oceanic GH accumulated by that time 
(about 1200 Gt; ≈  1/10 part of the modern stocks) [9] [13] [66]. 

3.2. Anthropogenic Factor in the Increasing Methane Emission 

It is not excluded that human activities contribute their share to the develop-
ment of the climate scenario at the present stage. Anthropogenic sources of CH4 
(agricultural activities, losses of CH4 in the mining of fossil fuel and industrial 
emissions of methane) have, by various estimates, an annual average flow of 0.35 
[7] to 1.1 [67] billion tons/year that corresponds to 18% to 58% of the capacity of 
its natural abundance. In this place the authors do not take into account the 
contribution of light hydrocarbons evaporating in numerous spills and leaks of 
oil and petroleum products in the process of production, transportation, storage 
and its processing. Oil industry is ranked third among 130 industries of modern 
production by hazardous impact on the environment. In addition to the direct 
impact on the balance of greenhouse gases, anthropogenic influence on the cli-
mate system includes deforestation, forest fires, pollution of water surfaces, pri-
marily the Oceans, and destruction of permafrost.  

Another work [68] describes a six year field observation in a shrub removal 
experiment at a Siberian tundra site. It is shown that “removing the shrub part of 
the vegetation only initiated thawing of ice-rich permafrost, resulting in the col-
lapse of the originally elevated shrub patches into waterlogged depressions 
within five years. This thaw pond development shifted the plots from a methane 
sink into a methane source”. During the experiment period “the permafrost ta-
ble lowered on average by 31 cm in the removal plots”. “This permafrost collapse 
occurred despite a mean annual temperature of −13.4˚C”. The results of this 
“field experiment demonstrate the importance of the vegetation cover for pro-
tection of the massive carbon reservoirs stored in the permafrost and illustrate 
the strong vulnerability of these tundra ecosystems to perturbations”. The au-
thors [69] note, that the release of greenhouse gases like CO2 and CH4 form a 
positive feedback to their atmospheric concentrations and accelerates climate 
change. 
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4. Conclusion 

Given the fact that the main cause for the increase in methane concentration in 
the atmosphere is currently observed in the high latitudes of NH and is deter-
mined by the temperature regime of the permafrost zone and also the fact that a 
climate catastrophe in Earth’s history was associated with the unprecedented 
growth of methane concentration in the atmosphere, we should be very careful 
in the development of the Arctic zone as the main source of methane hydrates, 
of which a large amount is currently already in a metastable state. It follows from 
the foregoing that in the terms of a “climate crisis”, which is currently happening 
with our planet, anthropogenic factors may contribute to irreversible conse-
quences in the self-regulating climate system and the future trajectory of its de-
velopment, resulting in increased responsibility of human beings for their activi-
ties. 
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