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Ab stract—The to tal se ries of monthly and an nual mean air tem per a tures T in Mos cow for the en tire
pe riod of reg u lar in stru men tal mea sure ments since 1779 has been stud ied. On av er age, over the past
243 years, the tem per a ture in Mos cow has been in creas ing by 0.012°C/year. The warm ing at the end of
the Lit tle Ice Age (at the end of the 18th cen tury–the be gin ning of the 19th cen tury) gave way to a slight
cool ing in the mid dle and end of the 19th cen tury and, then, a cur rent new warm ing since the be gin ning
of the 20th cen tury and its slight de cel er a tion in re cent de cades. The strong warm ing in win ter and
spring is sta tis ti cally sig nif i cant, while in sum mer and early au tumn, cen ten nial changes in tem per a ture
are in sig nif i cant. The dis tri bu tion func tions of T are close to nor mal in sum mer and have neg a tive skew -
ness in win ter. At the end of the 18th cen tury, ex tremely low min i mum air tem per a tures reach ing
–37…–39°C were reg is tered in Mos cow. Over 1780–2022, the an nual mean air tem per a ture has
increased on av er age by 2.8°C on the Mos cow pe riph ery and at least by 1.6°C in the ru ral zone of the
Mos cow re gion. A de gree of the Mos cow cli mate continentality has gen er ally been de creas ing since the
1780s. 
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 1. IN TRO DUC TION

The mod ern rapid in crease in air tem per a ture T in the mid dle and high lat i tudes re quires more ac cu rate
anal y sis of changes in re gional based on all avail able data. In view of this, the value of the ear li est in stru -
men tal ob ser va tions car ried out at the end of the Lit tle Ice Age has in creased. The pres ent pa per is a con tin -
u a tion of the pa per [9], which con sid ered in de tail the his tory of me te o ro log i cal ob ser va tions in Mos cow
and de ter mined a pos si ble er ror in mea sure ments of T at the end of the 18th cen tury and the be gin ning of the 
19th cen tury: ±(0.3–0.4)°C. A high cor re la tion be tween the av er age an nual val ues of T at dif fer ent ur ban
sta tions for Mos cow was also shown in [9]. This makes it pos si ble to con sider the sum mary se ries of data
ob tained at dif fer ent time in dif fer ent parts of the city. The lo ca tion of the sta tions is pre sented in Fig. 1, and 
their names and ob ser va tion pe ri ods are pre sented be low in the cap tion to Fig. 1.

The ob jec tive of the pres ent pa per is to an a lyze the changes in air tem per a ture both in Mos cow and in
the sur round ing ru ral zone over the en tire pe riod of in stru men tal ob ser va tions since 1779. Pre lim i nary re -
sults were briefly pre sented in [6, 7, 21], more de tail can be found in [8].

2. CEN TEN NIAL CHANGES
IN THE AV ER AGE AN NUAL TEM PER A TURE IN MOS COW

Fig ure 2 gen er al izes all the known data on the av er age an nual tem per a ture in Mos cow over the pe riod
from 1780 to 2022. The av er age an nual val ues for dif fer ent time were pre sented in [2, 5, 14–16]. The value
for 1783 was cal cu lated by the au thors of [9] based on the data of [17] for all months ex cept June, for which
the value from [5] was used; the val ues of 1810–1812 are based on the in for ma tion from the Moskovskie
Vedomosti news pa per; the val ues for 1816 and 1817 are based on the data from [12]. The val ues of con di -
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tional av er age an nual tem per a ture for 1784 and 1785 (5.1 and 2.5°C, re spec tively) ob tained by re duc ing the 
val ues for five months by the dif fer ence method for the Saint Pe ters burg sta tion have been also added to the 
se ries. All the data un til 1820 (for the Mannheim sta tion, un til 1791) have been re duced to the mod ern cal -
en dar and, ex cept the data of I. Lange, to real av er age daily tem per a ture. Thus, the data on air tem per a ture
be fore No vem ber 1779 are ei ther ab sent or unknown for 1787, 1790, from 1793 to 1809, from September
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Fig. 1. The location of the first weather stations in Moscow: the shaded area 1 is the possible location of the Mannheim
station, the measurement period is 1779–1797; (2) Imperial Moscow University, 1808–1812; 1820–1830; 1892–1895; (3) the 
latitude of the I. Lange station, 1816–1817; (4) Astronomic Laboratory of the University on Presnya district, 1830–1853;
1895–1941; (5) Surveying Institute, 1853–1932; (6) Petrovsko-Razumovskoe (TSKhA, Mikhelson Observatory), since 1879;
(7) Lomo- nosov Moscow State University Meteorological Observatory (MSU MO), since 1954. The double line shows the
city borders in 1992–2012.  

Fig. 2.  (1–7) The centennial variations in the average annual air temperature in Moscow over the entire period of instru-
mental observations 1780–2022; (8) linear trend (y = 0.01x + 2.89); (9) parabolic trend; (10) cubic trend; (11) fourth-degree
trend. Measurements: (1) the Mannheim station, 1780–1892, (2) Imperial Moscow University, 1810–1811, 1821–1830,
(3) I. Lange station, 1816–1817, (4) Astronomic Observatory on Presnya, 1830–1853, (5) Surveying Institute, 1854–1878,
(6) Mikhelson Observatory, 1879–1953, (7) Lomonosov Moscow State University Meteorological Observatory, since 1954.



1812 to 1815, from 1818 to May 1820, also for 1859. The se ries of the data un til 2005 was pre sented in
[21], and the one un til 2016 was given in [7]. 

As clear from Fig. 2, air tem per a ture in Mos cow in the mod ern age has gen er ally been in creas ing with
time: the lin ear re gres sion co ef fi cient k in the lin ear trend equa tion is 0.0115°C/year, which means a warm -
ing in the past 243 years on av er age by 2.8°C. It should be noted that k = 0.008°C/year for 1752–2007 in
Saint Pe ters burg [4], and the value of k for Mos cow for the pe riod 1780–2007 is very close and equal to
0.009°C/year. How ever, the tem per a ture changes were nonmonotonic. The par a bolic trend (line 9 in Fig. 2) 
in di cates the clear est change in the gen eral ten dency: the warm ing that started at the end of the 19th cen tury 
af ter a slight cool ing and has con tin ued un til now. The cu bic trend (line 10) shows al ready two changes in a
sign of the first de riv a tive: the warm ing at the end of the Lit tle Ice Age (at the end of the 18th cen tury–the
be gin ning of the 19th cen tury) gave way to a cool ing in the mid-19th cen tury and, then, to a new warm ing.
The fourth-degree trend (curve 11) has one de gree of free dom more and re flects the third most sig nif i cant
change in the gen eral trend: the slowdown of warm ing in re cent de cades, which is ev i denced by the neg a -
tive second de riv a tive of this trend (on the right edge of the se ries, it is con vex). It should be noted that
un til the 2000s, the warming slowdown was more strongly pro nounced [21], but the sub se quent very warm
years weak ened this ef fect. The stan dard in di ca tor of the trend sig nif i cance R 2, which is equal to the
squared cor re la tion co ef fi cient, with in creas ing a de gree in the trend equa tion as ymp tot i cally ap proaches its 
up per limit: it is equal to 0.31 for the lin ear trend, 0.50 for the par a bolic trend, 0.54 for the cu bic trend,
and 0.56 for the fourth-degree trend. The fifth- and sixth-degree trends (not pre sented) ad di tion ally in di -
cate the amplificat ion of warm ing in the 2010s. They al most co in cide, and the val ues of R2 for them are
iden ti cal to hun dredths (0.57). This means that there were only four ba sic changes in the gen eral trend, and
fur ther com pli ca tion of the trend does not lead to an in crease in its sig nif i cance. 

It should be noted that the es ti mates of the trend at the be gin ning of the ob ser va tion se ries are less sig nif -
i cant due to gaps in the data from 1793 to 1809 and in the 1810s. When unit ing dif fer ent sta tions in a sin gle
se ries, test ing of its uni for mity is re quired. As shown in [9], when com par ing the data from dif fer ent sta -
tions in the pe ri ods of si mul ta neous mea sure ments, pair re la tion ships of av er age an nual val ues of T are very 
close: the cor re la tion co ef fi cient R in both ex am ples of com par i sons is equal to 0.99, and the lin ear re gres -
sion co ef fi cient k turns out to be close to 1 in one of the com par i sons and equal to 1 in the other one. This
con firms the pos si bil ity of “glu ing” the data from dif fer ent sta tions in a to tal se ries and the re li abil ity of its
anal y sis. The se ries of the data from the Mikhelson Observatory (TSKhA) is not com pletely uni form, since
the mea sure ment site was moved in 1898 [1, 13]. How ever, a sep a rate re cal cu la tion of the lin ear trend in the 
cen ten nial course us ing more uni form data of the Sur veying In sti tute un til 1931 (be fore its clos ing) and the
TSKhA data from 1932 to 1953 has showed the same value of k to thou sandths: 0.011°C/year.   

The spectral analysis of an almost continuous series of monthly mean values of T from June 1820 to No- 
vember 2017 (in total, 2358) using the Fourier transform has demonstrated only one pronounced maximum in 
the values of spectral density associated with annual variations. For all other possible periods of more than
12 months, these values are close to 0, so that no steady long-term cyclicity in the centennial variations in the
air temperature in Moscow can be seen. The absence of the data for 1859 cannot significantly distort the results.

3. SEA SONAL FEA TURES OF CLI MATE CHANGE IN MOS COW

In different seasons, climate change occurs at different rate, sometimes even in different directions. These
differences are clear from the comparison of the distribution functions (histograms) of the frequencies of
summer and winter temperatures in Fig. 3. The histograms have been constructed from the data of all the mea- 
surements in the evening at 22:00 on the example of six years at the end of the 18th century (the results of
single readings at the Mannheim station, in total, 529 in summer and 453 in winter) and seven years at the
beginning of the 21st century (the data of the MSU MO station thermograph: 644 in summer and 631 in
winter). As clear from Figs. 3a and 3c, the summer distributions are qualitatively similar. The modal
intervals coincide (in both cases, from 16 to 18°C), the limiting values are also close (the entire range is
from 5.0 to 27.3°C in 1785–1792 and from 4.4 to 27.8°C in 2001–2007). Both distributions are normal in
accordance with the classic Pearson’s test: at a significance level of 1% for the Mannheim station data and
5% for the MSU MO data. The closeness to the normal distribution is also evidenced by very small values
of skewness and kurtosis in both cases, and the coincidence to tenths of a degree of the expected value and
the median: both values are equal to 16.2°C according to the data for the 18th century and 17.4°C according 
to the data for the 21st century. 

In winter, the distributions have strong negative skewness, which is equal to –0.7 in both cases. An evident 
reason for that is the snow cover with its high albedo, strictly limiting the upper bound of values of the
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radiation and heat budget. Obviously, the ranges of values are different. The highest temperature in the
evening is close for both epochs (6.0°C in 1785–1792 and 7.6°C in 2001–2007), while the lowest tempe-
rature differs by 9°C (–37.3 and –28.3°C, respectively). This is clearly observed in Figs. 3b and 3d in the
more extensive left wing of the distribution in the 18th century, which spreads further towards lower values. 

Actually, the end of the Lit tle Ice Age in Mos cow was char ac ter ized by very low min i mum tem per a ture
that was equal to (in terms of the mod ern scale and the new style) –37.3°C on Jan u ary 24, 1783 and in the
eve ning on Jan u ary 6, 1786 and even –38.8°C in the morn ing on De cem ber 17, 1788 [17]. Since minimal
ther mom e ters were not used at the Mannheim net work, the val ues of real min i mum tem per a ture were ob vi -
ously still smaller. Based on the com bined data of two net works of sta tions (the Mannheim Pal a tine So ci ety 
and the Royal Med i cal So ci ety of France), as well as in di vid ual pri vate sta tions, the author of [18] con -
structed syn op tic sur face anal y sis charts for the ter ri tory of Eu rope for ev ery day dur ing 1781–1785. Ac -
cord ing to the data col lected by J.A. Kington, on Jan u ary 22 and 23 in 1783, Mos cow was sit u ated on the
east ern pe riph ery of an an ti cy clone with a cen ter over Fin land. On the last day in 1785, Mos cow was also
lo cated on the east ern pe riph ery of an an ti cy clone with a cen ter over the Nor we gian Sea. Ob vi ously, in both 
cases, the newly ar rived Arc tic air de ter mined se vere frosts on next days. For com par i son, the min i mum
minimorum of T in Mos cow over the whole his tory of in stru men tal ob ser va tions is –42.1°C and was re -
corded on Jan u ary 17, 1940 [15]. On De cem ber 31, 1978, it was the last time when air tem per a ture ap -
proached such low val ues here: its min i mum ac cord ing to the MSU MO data was equal to –38.4°C. Thus,
the dis tri bu tions of sin gle tem per a ture val ues in the 18th and 21st cen tu ries are qual i ta tively sim i lar in sum -
mer, but in win ter they are dif fer ent. 

The an nual vari a tions in the lin ear re gres sion co ef fi cient k of lin ear trends in sep a rate months give the
most com plete idea of sea sonal vari a tions. As clear from Fig. 4c, un til 2005, the warm ing dur ing 226 years
oc curred on av er age in 10 of 12 months, most quickly in Jan u ary [6, 21]. In July and Au gust, de spite the
gen eral trend, a slight cool ing was ob served. This is also clear from Fig. 4a when com par ing the an nual
tem per a ture vari a tions in Mos cow ac cord ing to the Mannheim sta tion in 1779–1792 and MSU MO in
1961–1990: in July and Au gust, the mean val ues in the 18th cen tury were higher than in the sec ond half of
the 20th cen tury. How ever, in next 15 years, the val ues of the lin ear trend (k) changed: the trend was al -
ready pos i tive in all months, but it was very small from June to Sep tem ber (<0.005°C/year) and even close
to 0 in July and Au gust. The ab sence of sta tis ti cally sig nif i cant cen ten nial changes in T in sum mer and early 
au tumn is also con firmed by the t-test: 
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Fig. 3. The dis tri bu tion his to grams of all the val ues of tem per a ture at 22:00 in Mos cow in (a, c) sum mer and (b, d) win ter
in different ep ochs: (a, b) 1785–1792 and (c, d) 2001–2007. The lines are the nor mal dis tri bu tion func tions; N is the num ber
of cases.
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where X  and Y  are the sample expected values; s 2( )X  and s 2( )Y  are the sample variances; n and m are

the sizes of both samples. The estimation of the validity of differences in X  and Y  using the t-test is also
applicable for analyzing the significance of climate change. As shown in Fig. 3, the distribution functions
of temperature are close to normal, especially in summer, which makes it possible to use this parametric
test. The comparison of the partial samples of the first and last 30 monthly mean values on both edges of the 
series (over the periods 1780–1833 and 1988–2017) for all the months from June to September revealed
that the differences between the sample means turned out to be insignificant even with a rarely used
confidence probability of 0.90. For example, in August, the value of Z was equal only to –0.80 with the
sample size n = m = 30. There are differences that are significant with a confidence probability of only 0.95
in November, 0.99 in May and December, and 0.999 in the other months (actually, at an arbitrarily small
significance level, since the absolute values of Z are very high: from –4 to –6). This result shows, on the one 
hand, absolute validity of long-term climate warming in Moscow in the winter and spring months and, on
the other hand, similarity of climatic conditions in summer and early autumn in different ages. This
conclusion is also confirmed by Fig. 4a, in which the monthly mean values of T for all the months from
December to May at MSU MO in accordance with the normals for both 1961–1990 and 1981–2010 go
beyond the upper limits of the confidence probability of 0.95 of the mean values in the 18th century. From
June to September, the values of both normals are within the confidence intervals: hence, the differences
with this confidence probability are insignificant. A more rapid increase in T in Moscow in winter and
spring is also clearly seen from its mean values in separate seasons for different ages presented in Table 1. It 
should be noted that in Saint Petersburg on average for 1752–2007, the warming also turned out to be
strongest in winter and spring (k was equal to 0.014 and 0.010°C/year, respectively), while the smallest
changes in T were registered in summer (k = 0.002°C/year) [4]. 

It is note wor thy that lin ear trends are very sen si tive to ex treme points of the se ries, and this lim its the
ca pa bil i ties of their use. For ex am ple, the sec ond ary min i mum of k in Feb ru ary for 1779–2020 in Fig. 4c is
ex plained not by cen ten nial cli mate changes but only by very cold weather in Feb ru ary in 2006, 2007,
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Fig. 4. The an nual vari a tions in (a) the air tem per a ture in Mos cow in dif fer ent ep ochs, (b) air tem per a ture in Mos cow and
the Moscow re gion, and (c) lin ear re gres sion co ef fi cient (the value of lin ear trends) of T. The con fi dence in ter vals have been
cal cu lated with a con fi dence prob a bil ity of 0.95.



2011, and 2012 with the monthly mean air tem per a ture be low –10°C due to the weak en ing of the Ice lan dic
Low in these months [11]. If ex clud ing these four val ues, k in Feb ru ary turns out to be the same as in Jan u -
ary (0.020°C/year), and the sec ond ary min i mum dis ap pears. Sim i larly, with out tak ing into ac count only
two ab nor mal hot Julies in 2010 and 2011, the lin ear trend in July over the en tire pe riod is equal to 0 with
ac cu racy to 10–5. 

One more ef fect of sea sonal dif fer ences in cli mate change is the long-term changes in the Mos cow
climate continentality. The Gorchniskii in dex KG and the Khromov in dex KK have been cal cu lated to
eval u ate it. More rapid warm ing in Mos cow in the cold sea son leads to a de crease in the an nual am pli tude
of air tem per a ture and hence in cli mate continentality. The value of KG on av er age for the whole pe riod was 
de creas ing by –0.04/year, and it has thus been re duced from 48 at the be gin ning of in stru men tal ob ser va -
tions to 39 in the re cent years, while KK has de creased from 0.86 to 0.84, re spec tively. How ever, in the
early 2010s, the re turn of rather cold win ters was reg is tered due to the neg a tive phase of the North At lan tic
Os cil la tion (NAO), and sev eral ab nor mal hot sum mer months were also ob served. Due to this, the cli mate
continentality in these years slightly in creased [11] de spite the cen ten nial trend to ward its re duc tion pre vi -
ously noted in [6].

4. EF FECTS OF THE UR BAN HEAT IS LAND

Several papers dealt with studying the Moscow heat island [3, 16, 19, 20]. The effect of this phenomenon
on the value of the centennial trend in air temperature in Moscow for 1780–2022 will be discussed below.
The resulting estimate (k = 0.012°C/year) indicates primarily the conditions for the nearest or middle
periphery of the city, for which most of the values of Tm of the summary series in Fig. 2 have been obtained. 
Actually, such measurements in the city center were carried out only from 1810 to 1812 and from 1820 to
1829, as well as, perhaps, in 1779–1792 and 1816–1817. On the other hand, at the start of the functioning of 
the Mikhelson Observatory, Petrovsko-Razumovskoe was a near suburb of Moscow, and it was included in 
the city limits only at the beginning of the 20th century. However, these short-term measurements outside
the city did not affect the value of the linear trend: as noted above, as a result of recalculating the series with 
including the data of the Surveying Institute until 1931, the estimates of k almost coincided. All other
values of Tm were obtained on the eastern, western, northern, and southwestern periphery of the city (see
Fig. 1). It is obvious that the resulting trend cannot be a correct estimate of background climate change, since
it partially reflects the effect of the Moscow heat island, which was generally increasing with time [19]. 

For eval u at ing this ef fect on the value of the trend, the data from the Balchug sta tion, which is lo cated in
dense res i den tial build ing in the city cen ter, and from the Podmoskovnaya sta tion lo cated 24 km west of
Mos cow can be used. Un like many other sta tions in small cit ies, which cre ate their heat is lands (weak ones
though), the Podmoskovnaya sta tion has in di cated the con di tions of an al most ideal back ground zone un til
re cent years. When sub sti tut ing the val ues of Tm at the Balchug sta tion to the cen ten nial se ries start ing from
1951, the value of the lin ear trend k in creases up to 0.0168°C/year. On the con trary, when in clud ing the
values of Tm from the Podmoskovnaya sta tion since 1946 (in stead of the TSKhA and MSU MO data), k
de creases to 0.0066°C/year. Thus, for the city cen ter, the rate of warm ing has in creased over the en tire
pe riod as com pared to the city pe riph ery ap prox i mately by a half and has de creases al most by two times for
the rural zone of the Mos cow re gion. In other words, over the re cent 243 years, the tem per a ture has incre-
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Ta ble 1. The mean air tem per a ture (°C) in Mos cow in dif fer ent ep ochs

Data source Win ter Spring Sum mer Au tumn An nual mean

All the sta tions in Mos cow,
1779–2022
Mos cow Uni ver sity, Lange sta tion,
Presnya, Sur veying In sti tute,
Petrovsko-Razumovskoe (TSKhA),
1810–1900
TSKhA and MSU MO, 1901–2000
MSU MO, 1961–1990 
MSU MO, 1981–2010 
MSU MO, 1991–2020

–8.6

–9.6

–8.2
–7.8
–6.1
–5.4

4.3

3.3

4.6
5.6
6.5
6.9

17.4

17.2

17.1
17.3
18.0
18.4

4.6

4.2

4.5
4.9
5.3
5.9

4.4

3.8

4.5
5.0
5.9
6.4



ased on av er age by 4.1°C in the con ven tional city cen ter, by 2.8°C on the con ven tional city pe riph ery, and
by 1.6°C in the ru ral zone. It should be noted that the con di tions in most of the city in the 18th cen tury were
sim i lar to ru ral ones due to a sparse res i den tial build ing (ex cept the nar row zone around the Kremlin) and
prev a lence of nat u ral sur faces: mead ows and for ests. A cor rect es ti ma tion of the Mos cow heat is land in ten -
sity is pos si ble only from the late 1870s, when there were al ready two sta tions, and this es ti mate is about
1°C [19]; a cen tury ear lier, the heat is land in ten sity not ob vi ously ex ceeded sev eral tenths of a de gree.
Thus, the back ground cli mate warm ing in the Mos cow re gion not dis torted by the im pact of the heat is lands 
of both Mos cow and the small cit ies in its out skirts is at least 1.6°C and, prob a bly, not more than 2.0°C over 
the whole pe riod of rou tine mea sure ments since 1780. 

A comparison of the climate conditions of Moscow in the 18th century with those of the current city
center (the Balchug station) and the rural zone (Podmoskovnaya station) in 1981–2010 are presented in
Fig. 4b. It is clear that the changes in T from June to September for two recent centuries have been statisti-
cally insignificant with a confidence probability of 0.95 when the Mannheim station data are compared with
the conditions not only for the city periphery (MSO MO) but even for the city center. It is noteworthy that
the temperature in the rural zone of the Moscow region in all summer months is currently even slightly
lower than according to the Mannheim station, although these differences are insignificant. On the other
hand, from December to April, the values of temperature in the rural zone are currently much higher than in
Moscow in the 18th century (and even more so than they were in the rural zone). Consequently, the warming
in the winter and spring months indicates real and statistically significant background changes in the regional
climate, which are not associated with the effects of urban heat islands. It should be noted that the difference
in the monthly mean values of T according to the Balchug and Podmoskovnaya stations, approximately indi-
cating intensity of the Moscow heat island, is maximal in summer (>2.0°C) and minimal in autumn and
winter (<1.5°C). The average annual difference is ~1.8°C, which is close to the estimation of the Moscow
heat island intensity obtained from the data of all the stations in the region in the 1990s (1.6°C) [19].

In ad di tion to the anal y sis of air tem per a ture, it should be noted that the av er age an nual wa ter va por
pres sure in Mos cow has not sig nif i cantly changed since 1870, while rel a tive hu mid ity no tice ably has de -
creased, largely due to the air tem per a ture rise. Thus, the cli mate of Mos cow has be come not only warmer
but also drier [19]. The de crease in an nual pre cip i ta tion un til the mid-19th cen tury was then fol lowed by its
steady in crease, which was ob served dur ing the 20th cen tury and has slowed down in re cent de cades [10].
Due to the pre cip i ta tion in crease, the snow depth still re mains with out sig nif i cant changes, de spite the
warm ing in the win ter months. 

5. BA SIC CON CLU SIONS

Dur ing the en tire pe riod of in stru men tal ob ser va tions of 1780–2022, the air tem per a ture in Mos cow was 
in creas ing on av er age by 0.012°C/year. The ba sic changes in the Mos cow climate in this pe riod were char -
ac ter ized by the warm ing at the end of the 18th cen tury and at the be gin ning of the 19th cen tury, the cool ing 
in the mid dle and end of the 19th cen tury, the on go ing warm ing since the early 20th cen tury, and its slight
slow down in the last de cades. 

The dis tri bu tion func tions of tem per a ture in sum mer are close to nor mal, and the high neg a tive skew -
ness is ob served in win ter due to the snow cover.  

The end of the Lit tle Ice Age in Mos cow in the 18th cen tury was man i fested in ex tremely low val ues of
win ter min i mum tem per a tures close to –40°C.  

The cli mate warm ing in Mos cow in win ter and spring, on av er age over the 243-year pe riod, oc curred
more rap idly, and this change is sta tis ti cally sig nif i cant, while the cen ten nial changes in sum mer and early au -
tumn are in sig nif i cant. The continentality of the Mos cow cli mate has gen er ally been de creas ing since the
1780s.

The in crease in the av er age an nual tem per a ture in the ru ral zone for the Mos cow re gion over the pe riod
1780–2022 is at least 1.6°C.
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