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1. Introduction

The World Climate Change Conference held in Mos-
cow in 2003 [1] was mainly devoted to finding the causes 
of significant changes in the Earth’s geospheres in recent 
decades. Both natural and anthropogenic factors were 
considered, but the problem of their interrelation in the 
ongoing processes has not been resolved. The discussions 
revealed a whole spectrum of opinions on this subject: 
only anthropogenic factors affect the climate, only natural 
ones, anthropogenic factors prevail, and natural ones pre-
vail.

The problem of modern warming of the lower atmo-
sphere is the main issue of climatology in recent decades. 
There are two points of view: either warming is caused by 
mainly natural factors, or by anthropogenic.

The IPCC reports take a standpoint of the anthropogen-
ic type of modern warming, for example [2].

Not all researchers agree with this: for example, a 
well-reasoned and complete review [3] provides a detailed 
criticism of the position of anthropogenic warming. Let’s 
add here the works [4-6]. That is, the problem has not been 
resolved and is under discussion.

The article discusses both hypotheses. Based on the 
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published facts, the probabilities of both the natural hy-
pothesis and the anthropogenic one are estimated.

2. Methods and Materials

The NCEP/NCAR Reanalysis datasets for the period 
1972-2012 was used in the study. Two parameters were 
taken: outgoing longwave radiation (OLR) and the month-
ly average temperature of the near-surface atmosphere.

The calculation of the Sun displacement from the com-
mon center of mass of the Solar system was carried out 
according to the algorithm described in the article [7].

Standard statistical methods of data processing were 
used.

3. Results

Let us put the question this way: which of the two hy-
potheses of modern warming is more probable?

H1: outgoing shortwave radiation (OSR),
H2: outgoing longwave radiation (OLR).
Let’s start our analysis by considering H2 hypothesis. 

If the hypothesis is correct, then modern warming is due 
to human activity, that is, to an increase in CO2 emissions, 
which increase the greenhouse effect, holding back the 
flux of outgoing longwave radiation, and due to this, the 
temperature of the surface atmosphere is raised. There-
fore, there should be a trend towards a decrease in the 
OLR.

Figure 1 shows a graph of changes in the OLR anom-
alies with an assessment of its trend (the average value in 
the period 1975-2012 was taken as the norm). The graph 

is built according to NCEP/NCAR Reanalysis data on a 
2.5x2.5 degree grid, taking into account the latitude of the 
grid points. Since there are 144 grid points in each lati-
tudinal band, then each grid point at a distance between 
equatorial and polar regions has various areas. 

This effect can be taken into account in two ways: 
either to introduce correction factors for each latitudinal 
band, taking into account its contribution to the OLR, or 
to thin out latitudinal bands so that one grid point has an 
approximately equal area. The second option was imple-
mented.

It can be seen from the figure that there is no trend for 
a decrease in the OLR in both hemispheres. Moreover, 
in the Northern Hemisphere, there is a trend towards an 
increase in the OLR by almost 2 W/m2. This fact is con-
firmed by the result of the analysis for the tropical zone, 
published in the article [8]: their trend reached 7 W/m2.

So, due to the inconsistency with the data, the probabil-
ity of the H2 hypothesis validity is very small.

Consider the H1 hypothesis. The main conclusion of 
the Fourth IPCC Report comes down to the statement that 
it is impossible to explain modern warming only by natu-
ral causes [9]. It is pointed out that it is absolutely true that 
changes in the incoming solar radiation flux have fluctu-
ations of order 0.1% and are not able to cause changes in 
the temperature of the surface atmosphere by 1.0° C.

At the same time, for some unknown reason, changes 
in outgoing shortwave radiation greater by an order of 
magnitude are ignored [10]: a decrease in the mean annual 
Bond albedo by 0.01 from 1985 to 2000 (Figure 2).

3

-4

-3

-2

-1

0

1

2

3

1 975 1 985 1 995 2 005

W/m2

Northern Hemisphere
Southern Hemisphere

Figure 1. Interannual changes in the outgoing longwave radiation of the Earth

It can be seen from the figure that there is no trend for a decrease in the OLR in both
hemispheres. Moreover, in the Northern Hemisphere, there is a trend towards an increase in the
OLR by almost 2 W/m2. This fact is confirmed by the result of the analysis for the tropical zone,
published in the article [8]: their trend reached 7 W/m2.

So, due to the inconsistency with the data, the probability of the H2 hypothesis validity is
very small.

Consider the H1 hypothesis. The main conclusion of the Fourth IPCC Report comes
down to the statement that it is impossible to explain modern warming only by natural causes [9].
It is pointed out that it is absolutely true that changes in the incoming solar radiation flux have
fluctuations of order 0.1% and are not able to cause changes in the temperature of the surface
atmosphere by 1.0° C.

At the same time, for some unknown reason, changes in outgoing shortwave radiation
greater by an order of magnitude are ignored [10]: a decrease in the mean annual Bond albedo by
0.01 from 1985 to 2000 (Figure 2).

The figure shows that over a 15-year period, the annual albedo decreased by 0.011
(0.318-0.307). Note that such a decrease in albedo corresponds to an increase in the solar
radiation flux by 3.4 W/m2. This value is sufficient to cause a modern increase in the temperature
of the lower atmosphere: data from the article [11] showed that an abrupt change in albedo by 0.01
will lead to an increase in the temperature of the surface atmosphere by 1.1° C, with a delay
caused by the thermal inertia of the hydrosphere.

Figure 1. Interannual changes in the outgoing longwave radiation of the Earth
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The figure shows that over a 15-year period, the annual 
albedo decreased by 0.011 (0.318-0.307). Note that such 
a decrease in albedo corresponds to an increase in the 
solar radiation flux by 3.4 W/m2. This value is sufficient 
to cause a modern increase in the temperature of the low-
er atmosphere: data from the article [11] showed that an 
abrupt change in albedo by 0.01 will lead to an increase in 
the temperature of the surface atmosphere by 1.1° C, with 
a delay caused by the thermal inertia of the hydrosphere.

Consequently, the H1 hypothesis explains modern 
warming and is therefore more likely than the H2 hypoth-
esis.

The series in Figure 1, 2 were continued in the articles 
[12,13]. In the article [12] the Bond albedo anomalies are esti-
mated by the reflected light of the Moon, which, accord-
ing to the authors, does not exceed 0.5 W/m2 for the peri-
od 2001-2018. This is 6 times less than estimate of albedo 
anomalies for the period 1984-2000, presented in Figure 
2. An anological estimate of Bond’s albedo is given by the 
authors of [13] by the CERES method in the interval 2001-
2020, in their opinion, the albedo anomalies fit into 1.5 W/
m2, but in the interval 2001-2014, the albedo anomalies 
are kept within 0.5 W/m2 and only after 2014 go beyond 
this limit.

Authors [12] are sure that solar activity, measured by 
Wolf numbers, cannot be the cause of changes in Bond’s 
albedo. What is the reason then? Let’s consider this issue 
in the discussion.

To understand the processes under study, we need to 

consider such a parameter as the displacement of the Sun 
relative to the center of mass of the Solar System. For the 
first time, the offset was introduced in the article [7] and 
calculated by the formula (1):

RM+Σrkmk=0 (1)
Here R is the displacement vector of the Sun, M is the 

mass of the Sun, mk is the mass of planets from Mercury 
to Pluto, rk is the radius vector of the k-th planet. Figure 3 
shows a graph of the displacement of the Sun, calculated 
by the formula (1). The displacement was maximum and 
equal to |R|=1.4 million km in May 1982 and was practi-
cally zero in 1990.

Figure 3. The displacement of the Sun from the center of 
mass of the Solar system in the plane of the ecliptic for 

the period 1980-2021.

Figure 2. Mean monthly (grey) and mean annual (black) dynamics of the Bond albedo [10].
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Let us assume that the albedo changes insignificantly 
during the year. Then the question is, in which months 
of the year will the effect of albedo change be maximal? 
Since the perigee of the Earth’s orbit falls on the 
beginning of January (the difference in the incoming solar 
radiation reaches 7% compared to the apogee) and, given 
that 80% of the surface in the Southern Hemisphere is 
covered with water, and only 60% of that in the Northern, 
while the hydrosphere is the main heat accumulator, then 
we can expect that the effect will be maximum in January. 
And, taking into account the thermal inertia of the World 
Ocean, the neighboring months, December, February and 
March, should be added to this period.

Figure 4 from [14] shows the monthly mean anomalies of 
the surface air temperature in the south of Western Siberia 
for the periods 1960-1980 and 1981-2002. The figure 
shows that after the Earth passes the perigee, the effect of 
the thermal inertia of the World Ocean is observed up to 
March.

4. Discussion

The question arises as to the reason for the albedo 
change shown in Figure 2. Factors such as deforestation 
or volcanic eruptions cannot be the primary cause of 
warming, because they have time scale differing from that 
of modern warming: hundreds of years vs. years.

What about the effect of greenhouse gases on albedo? 
Yes, it exists, but the first factor here is not CO2, but wa-
ter vapor, which takes on 2/3 of the greenhouse effect. 

Moreover, water vapor plays a double role: it reduces the 
inflow of solar radiation and, at the same time, holds the 
OLR steady, increasing the near-surface temperature of 
the atmosphere. And which process will be more signifi-
cant, and at what time, is not yet very clear.

What can change the albedo? 
How does the displacement of the Sun from the center 

of mass of the Solar system effect on albedo and, accord-
ingly, on temperature of the surface atmosphere? To an-
swer this question, let us take the data archives on anom-
alies of the mean monthly temperature of the near-surface 
atmosphere for the period 1881-1977 [15,16] and select here 
those weather stations that have observational data for a 
period of at least 30 years. Further, for each of these 810 
stations, we calculate the difference in the anomalies of 
the mean monthly air temperatures at the Sun displace-
ment of less than -0.5 million km and more than 0.5 mil-
lion km. 

It turned out that the greatest effect in terms of intensity 
is observed in the winter season. Because at the beginning 
of January, the influx of solar energy is almost 7% high-
er than at the beginning of July due to the perigee of the 
Earth’s orbit, which falls on January 2-5. Almost the entire 
effect of changes in winter temperature is concentrated in 
the middle and high latitudes of Eurasia (above 40° N): 
almost 70% of weather stations belong to 1-38 synoptic 
regions. 

What is the reason for such an uneven distribution of 
atmospheric temperature? It is clear that in the middle 

Figure 4. Anomalies of mean monthly near-surface air temperatures in the south of Western Siberia (°C),  
between periods of 1960-1980 and 1981-2002
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and high latitudes of Eurasia, the Gulf Stream is the 
main factor in the formation of temperature anomalies. 
But why then similar changes are not recorded in the 
North America? In our opinion, even if the Pacific 
Ocean overheats due to the displacement of the Sun, the 
mountains in the west of North America will block the 
heating of the surface atmosphere. 

Consider the following experiment. Let us calculate the 
displacement of the Sun from the common center of mass 
of the Solar system, caused by the motion of the planets, 
and divide all years into 3 groups: in the first group, we 
will include those years when the displacement of the Sun 
was more than 0.5 million km; in the second – those when 
the displacement of the Sun was less than -0.5 million km; 
years with a solar displacement of less than 0.5 million 
km in modulus will be removed from consideration. 
Further, for each synoptic region, we calculate the average 
temperature of the surface atmosphere from the data of 
meteostations of this region for the first and second groups 
of years and find the difference between them.

Figure 5 shows the result for winter months [17]. There 
is a statistically significant (Student’s t-test at 5% level) 
difference in mean winter temperatures of the near-surface 
troposphere, which depends on significant displacements 
of the Sun.

A theoretical question arose, what will be the tempera-
ture field of the surface atmosphere if the solar radiation 
flux increases? According to the model of E.P. Borisenkov 

(personal communication), with an increase in the solar 
constant by 5% in January (which, of course, is unreal-
istic), the temperature will change, mainly in the middle 
and high latitudes of Eurasia by 4-10°C, and in in other 
regions only up to 2°C, which is in good agreement with 
our results. But, an imbalance can be created without 
changing the solar constant: it is enough to change the al-
bedo by the same 5% to get the same result. In fact, as we 
saw earlier, the albedo changed by 1%.

Taking into account the relationship of the surface tem-
perature of the atmosphere with the displacement of the 
Sun, shown in the last figure, we will build a climate fore-
cast of temperature dynamics. The algorithm for calculat-
ing the forecast is as follows. For each year for the period 
1901-2008, the average values from 5 rows of January 
air temperatures were calculated at the specified weather 
stations Omsk, Barabinsk, Novosibirsk, Tomsk, Barnaul. 
The resulting series was transformed into the accumulated 
sum of anomalies (“norm” is the average for 1901-1985). 
The second row on the graph is proportional to the accu-
mulated sums of the ordinates of the Sun’s displacement 
(the direction of the ordinate axis is 2 dozen degrees less 
than the longitude of the Earth in mid-January). The pro-
cesses under consideration have similar features: synchro-
nous rise of graphs, inflection point in 1990, close local 
extremes (see Figure 6). 

However, there are differences. The discrepancies, 
especially the temperature rise in 2001-2005, can be ex-

   

Figure 5. Difference DT = T1-T2 (left part) of average winter temperatures of surface air (°С) in natural synoptic re-
gions (right part), depending on the displacement of the Sun. (T1 is the temperature in years when the displacement is 

more than 0.5 million km, T2 is the temperature in years when the displacement is less than -0.5 million km)
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plained for Western Siberia by a delay of several years 
in the response from the hydrosphere to the variability 
of solar radiation, as well as by the obvious fact that the 
displacement of the Sun is not the only parameter deter-
mining the variability of the temperature of the lower at-
mosphere.

The climate forecast in Figure 6 was published in [14] 
in 2009. According to the forecast, in the next 2-3 years 
there will be, at least, a decrease in the rate of growth of 
the surface temperature of the atmosphere in the 29th syn-
optic area and, after the generation of positive heat anom-
alies by the World Ocean, the January temperature in the 
area will gradually return to normal values. 

Taking into account our results, we can expect a similar 
reaction in Eurasia and on Earth as a whole.

5. Conclusions

The interannual OLR anomaly are analyzed based on 
the NCEP/NCAR Reanalysis data. It was shown that there 
is a nonnegative linear trend of the OLR from 1975 to 
2012. This fact contradicts the hypothesis of an anthropo-
genic cause of modern warming.

The paper deals with the natural component of modern 
warming. The OSR graph is given, from which it follows 
that the Bond albedo decreased by 0.01 over the period 
from 1984 to 2000, which corresponds to an increase in 

the solar radiation flux by 3.4 W/m2. This value is enough 
to heat the lower atmosphere of the Earth by 1°C.

It is shown that heating occurs unevenly over the 
months of the year due to the Earth’s passage through its 
orbit perigee on January 2-3 and to the unequal distribu-
tion of the World Ocean between the Earth’s hemispheres: 
80% in the Southern Hemisphere and 60% in the North-
ern Hemisphere. Therefore, on the day of the passage of 
perigee, the ocean of the Southern Hemisphere receives 
7% more heat than the ocean of the Northern Hemisphere 
in early July. This results in the overheating of the atmo-
sphere in December-January, and additional overheating 
is realized in February-March due to the thermal inertia of 
the World Ocean.

Why has albedo changed? The author sees the root 
cause in the displacement of the Sun from the common 
center of mass of the Solar system, caused by the motion 
of the planets. The maximum bias effect was achieved 
in May 1982. This hypothesis was tested in the synoptic 
regions of Eurasia based on the winter temperatures of the 
near-surface atmosphere. Good agreement was obtained 
between our experiment and the results of E.P.Borisen-
kov’s model with variations in the solar constant (Bond 
albedo anomalies). Based on this fact, a climatic forecast 
of changes in the near-surface temperature of the Earth’s 
atmosphere was given.

Figure 6. The sum of January surface atmospheric temperature anomalies in the 29th synoptic region (blue line) and the 
sum of solar displacement ordinate anomalies (brown line).
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