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Abstract

Transport and communication infrastructure plays an important role in ensuring economic 
growth, also in the context of the Wuhan coronavirus (SARS-CoV-2) spread worldwide. The role of 
the communication component increases with the epidemic and the associated restrictive measures, 
which replace, to a certain extent, the transport component. We offer an econometric study of the 
macroeconomic production function in the Russian Federation with transport and communication 
infrastructure (the fixed assets average annual value of the Russian transport and communications 
sectors) for 1990–2018. The arguments for this function are the average annual value of fixed assets in 
constant 1990 prices, the average annual rate of the use of production capacities in Russian industry, 
the average annual number of people employed in the national economy, the average annual value 
of fixed assets of transport and communications in constant 1990 prices. Our research demonstrates 
that in 2010–2018 the GDP elasticity to production infrastructure was decreasing. We explain this 
by the reduction in the volume of capital investments in the infrastructure sector’s fixed assets. In 
addition, we offer an analytical modification of the macroeconomic production function for 2020 in 
the context of the spread of the Wuhan coronavirus among the Russian population by introducing 
into this function the average annual rates of labor and infrastructure capacity use, which, along with 
the average annual rate of fixed assets capacity use are functions of the predicted values of the daily 
number of the infected Russian citizens. These predicted values are calculated by the time dependent 
Gaussian quadratic exponent estimated by the least squares. We present the accuracy of the forecast 
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results for the 2020 spring trends of the daily number of Russian and Moscow population infected with 
the Wuhan coronavirus. The average APE forecast error for 30 days ahead for Russia is 10.4% and the 
same for five weeks for Moscow is 10%. Moreover, we make forecasts of the officially published daily 
number of infected Russian population for fall 2020 – spring 2021.
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Introduction 

The production infrastructure is of great 
importance to the national econ-
omy. In his Message to the Federal 

Assembly, the President of Russian Federation 
declares that its modernization and develop-
ment play an important role in strengthening 
the country’s framework, that they give impe-
tus to the development of regions (including 
Crimea and Sevastopol) and contribute to eco-
nomic growth [1]. In particular, the Crimean 
railway bridge, put into operation in 2019, gave 
a powerful impetus to the development of the 
Republic of Crimea and the city of Sevastopol. 
Thus, the development of effective public 
policy measures for sustainable development, 
modernization and efficient use of produc-
tion infrastructure, including its transport and 
communication component, using modern 
economic and mathematical tools is a priority.

A large amount of research has been devoted 
to the development and modernization of the 
Russian transport and communication infra-
structure [2]. One of the pioneers in the study of 
Russian domestic infrastructure was Grigory D. 
Dubelir (1874–1942) whose works are devoted 
to the optimization of the road network [3–7].

In the expertise by N.P. Laverov et al. [8] 
conducted for the project of the construction 
of the international sea channel “Eurasia,” it 

is stressed that a preliminary assessment finds 
possible rather high risks (including transport, 
economic, environmental, political and legal). 
The authors investigate the current state of near 
aquatic and aquatic ecosystems on the territory 
of the planned construction of the “Eurasia” 
channel and highlight the importance of addi-
tional engineering and environmental studies 
to clarify the territory’s water resources, the 
necessity for a deeper study of the options for 
the consequences of the construction of this 
large water management facility. They also pay 
special attention to measures aimed at reduc-
ing the negative consequences of the project.

M.G. Zavelsky [9] introduces an economet-
ric model for forecasting the main macroeco-
nomic indicators for the regions of the Russian 
Federation taking into account the influence of 
the infrastructural factor and, in particular the 
gross regional product (GRP). This model takes 
into account the specifics of the Russian admin-
istrative-territorial units and allows us to pre-
dict with more accuracy the trends in changes in 
these indicators.

V.N. Livshits, I.A. Mironova and A.N. Shevt-
sov [10] substantiate the necessity of making 
State strategic decisions for the development 
of transport infrastructure based on assessing 
the socio-economic efficiency of investment 
projects. They also offer applications of their 
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approach taking the example of investment 
projects for new railway construction in Russia.

E.I. Pozamantir [11] offers a computable gen-
eral equilibrium model of the economy, where 
he examines the most important components of 
the transport infrastructure development strat-
egy – the choice of sources and volumes of cap-
ital investment financing infrastructure devel-
opment, including the impact of this choice on 
the development of the national economy and 
on final consumption. E.I. Pozamantir also 
simulates the formation of internal sources for 
financing an investment fund from the added 
value created in the previous period and presents 
the results of his experimental calculations.

Using methods of mathematical modeling 
and forecasting, V.A. Sadovnichy et al. [12] pro-
vide a quantitative assessment of the long-term 
effects (macroeconomic, social and geopoliti-
cal) of a project for the development of railways 
in the Far East and Siberia, including the con-
struction of a high-speed passenger-and-freight 
highway. Their calculations show that the imple-
mentation of this project will play an important 
role in the socio-economic development of the 
Russian Federation as well as in strengthening 
the geopolitical and geo-economic positions of 
Russia in the Asia-Pacific region and globally.

At the same time, the problem of assessing the 
macroeconomic effect for the development and 
modernization of transport and communication 
infrastructure has not been fully resolved. It is 
primarily due to the concentration of research-
ers on one of its components: more often the 
transport component and less often the com-
munication component. The latter, according to  
V.L. Makarov, plays an important role at the 
present stage of society’s movement towards 
the knowledge economy [13]. The economet-
ric model of the Russian economy’s production 

function proposed by the authors [14] solves this 
problem by separating the average annual value of 
fixed assets of the pure transport and communi-
cations sectors1 into a separate function argument 
which makes it possible to assess the influence 
of infrastructure on such an important macro-
economic indicator of the Russian economy as 
gross domestic product (GDP) for the previous 
years 1990–2012. At this stage, it seems relevant 
to study the production function in the extended 
time interval 1990–2018 to further analyze the 
impact of infrastructure on Russian GDP.

1. Production function model  
and statistics 

In order to assess the impact of the transport 
and communication infrastructure on Russia’s 
GDP, we carried out an econometric study 
of the following macroeconomic production 
function, which was proposed earlier [14], for 
the time periods from 1990 up to 2013–2018:

                   (1)

where  is Russian GDP in constant 1990 
prices for year ; 

  
is average annual value of Russian econ-

omy fixed assets in constant 1990 prices for 
year t;

 is the average annual rate of use of produc-
tion capacities in Russian industry for year ;

 is the average annual number of people 
employed in the national economy for year ;

 is the average annual value of fixed assets 
of transport and communications in constant 
1990 prices for year t. 

The econometric study of function (1) was 
carried out by the least squares method based 
on statistical data from Rosstat and the Russian 
Economic Barometer (Table 1). The conver-

1  The fixed assets of the pure sectors of transport and communications are the fixed assets of 
transport and communications of all economic units regardless of their industry affiliation; i.e. 
the assets of the pure industries or sectors that are reflected in the balance of fixed assets compiled 
by Rosstat (Russian Federal State Statistics Service) 
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Table 1. 
Statistical data for the econometric study in 1990–2018

Year  ,  billion rubles  , million rubles  ,thousands of people  , million rubles

1990 644 1 871 649 100 75 325 251 548

1991 612 1 957 288 100 73 848 265 806

1992 523 2 009 054 73 72 071 277 320

1993 478 2 030 396 74 70 852 283 913

1994 417 2 014 984 61 68 484 288 435

1995 400 1 995 229 60 66 441 289 518

1996 386 1 983 823 54 65 950 289 351

1997 391 1 967 098 54 64 639 289 427

1998 371 1 953 216 55 63 642 289 773

1999 394 1 953 747 62 63 963 290 439

2000 434 1 962 932 66 64 517 291 581

2001 456 1 976 006 69 64 980 295 215

2002 477 1 993 845 70 65 574 301 557

2003 512 2 015 564 73 65 979 309 364

2004 549 2 040 209 74 66 407 318 011

2005 584 2 074 736 76 66 792 327 755

2006 632 2 119 496 78 67 174 340 138

2007 686 2 169 707 80 68 019 353 854

2008 722 2 229 842 77 68 474 367 701

2009 665 2 292 706 65 67 463 383 787

2010 695 2 350 079 72 67 577 402 597

2011 725 2 416 816 78 67 727 419 318

2012 750 2 499 424 79 67 968 439 598

2013 760 2 581 327 78 67 901 468 506

2014 765 2 644 159 77 67 813 496 133

2015 744 2 673 133 75 68 389 520 271

2016 742 2 696 319 77 68 430 539 786

2017 753 2 730 170 79 68 127 557 465

2018 771 2 762 511 78 68 016 572 441

Sources: data for 1990–2012 [14] updated for 2008–2012, data for 1990–2017 [15] updated for 2017, data for 2018 [16–18],  
Rosstat (EMISS database), authors’ calculations according to the methodology [14, 15].
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sion of the average annual value of fixed assets 
of the pure transport and communications sec-
tors into 1990 constant prices was carried out on 
the basis of statistical data from Rosstat by the 
author’s methodology described in [14, 15]. It 
should be noted that, in contrast to the results of 
[14], the authors use a slightly changed average 
annual value of fixed assets of the pure transport 
and communications sectors in 1990 compa-
rable prices for 2008–2012 which is associated 
with the revision of the fixed assets revaluation 
index in 2008–2009. In addition, due to the 
revision of the average annual price index for 
investment products in Russia for 2017, equal 
to 1.026, in contrast to [15], the authors use the 
updated average annual value of fixed assets of 
the national economy in 1990 constant prices 
for 2017. Due to the 2016 change of the meth-
odology for calculating the average annual num-
ber of people employed in the national economy 

by Rosstat in order to proceed to an accurate 
comparison with the data for previous years, we 
calculate the values for 2017–2018 by average 
annual growth rates for 2017 and 2018 [15, 16]. 

2. Results  
of the econometric study

As a result of an econometric study of func-
tion (1) for the extended time intervals 1990–
2018, it turns out (Table 2) that this func-
tion appropriately describes the process of 
expanded reproduction of the Russian econ-
omy both from the point of view of economic 
theory and the classical econometric criteria.

Relying on the table the following may be high-
lighted. 

1. Signs at the coefficients of the production 
function are consistent with the provisions of 
economic theory.

Table 2.
Results of an econometric study of the Russian economy’s production function  

in regard to infrastructure (1) for 1990–2018

Time period
Coefficients and (in brackets)  -statistics

1990–2003 –7.84 (–2.27) 0.83 (10) 0.03 (0.10) 0.91 2.10

1990–2004 –11.15 (–4) 0.87 (11) 0.28 (1.25) 0.91 1.99

1990–2005 –12.94 (–6) 0.89 (11) 0.42 (2.27) 0.92 1.93

1990–2006 –14.18 (–7) 0.90 (12) 0.52 (3) 0.93 1.88

1990–2007 –15.09 (–9) 0.91 (12) 0.59 (4) 0.94 1.83

1990–2008 –16.13 (–11) 0.91 (12) 0.67 (6) 0.95 1.71

1990–2009 –17.01 (–14) 0.89 (12) 0.74 (7) 0.95 1.53

1990–2010 –16.36 (–16) 0.89 (12) 0.69 (8) 0.96 1.69

1990–2011 –15.29 (–14) 0.89 (10) 0.61 (7) 0.95 1.33

1990–2012 –14.28 (–13) 0.86 (9) 0.53 (5) 0.94 1.01

1990–2013 –13.40 (–13) 0.85 (8) 0.47 (5) 0.94 0.82

1990–2014 –12.67 (–12) 0.85 (8) 0.41 (4) 0.93 0.70

1990–2015 –11.97 (–12) 0.87 (8) 0.35 (4) 0.93 0.64

1990–2016 –11.31 (–12) 0.88 (8) 0.30 (3) 0.92 0.57

1990–2017 –10.80 (–11) 0.88 (7) 0.25 (3) 0.91 0.50

1990–2018 –10.46 (–11) 0.88 (7) 0.23 (2.3) 0.91 0.47
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2. All arguments of the function, i.e. factors of 
production, are statistically significant.

3. High values   of the coefficients of determi-
nation  (0.91–0.94) indicate the presence of a 
very close goodness-of-fit between Russia’s GDP 
and production factors (fixed assets, the number 
of employees, and fixed assets of infrastructure).

4. The fact that the Durbin–Watson DW sta-
tistic falls into the zone of positive autocor-
relation reduces, to some extent, the model’s 
verification, but at the same time indicates 
the influence on Russia’s GDP of other unac-
counted factors, such as the world oil price, 
which was investigated by the authors in [15].

Moreover, the production function (1) has 
a fairly good predictive power for 2005–2018. 
Thus, the direction of the trend lines of the ex-
post forecast of Russia’s GDP coincides almost 
everywhere with the direction of the trend lines 
of the actual GDP (Figure 1), and the errors of 
the ex-post forecast, calculated by the formula: 
APE

t
 = |Y

t (forecast) 
/Y

t (actual) 
 – 1 |  do not exceed 11%

except for two years (Figure 2).

Actual Russian GDP in constant 1990 prices  
Ex-post forecasted Russian GDP in constant 
1990 prices

900

850

800

750

700

650

600

550

500

58
4

55
0

76
0 77

4 80
5 83

8

84
3

66
5

55
0

62
1

73
3

69
1

75
8

75
3

68
6

61
2

74
4

72
5

63
2

58
0

76
5

69
5 77

172
2

61
4

74
2

75
0 77

6

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

Billion 1990 rubles

Years

Fig. 1. Actual and ex-post forecasts for 2005–2018  
Russian GDP in 1990 constant prices made by function (1) 

estimated in 1990–2004

Fig. 2. Ex-post forecast errors APE of Russia’s GDP  
in 1990 comparable prices for 2005–2018 made  

by function (1) estimated in 1990–2004
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3. Conclusions from  
the results of the econometric study

Based on the results of econometric research 
(Table 2), we come to the following conclusions.

1. Russian GDP elasticity to production infra-
structure , which characterizes the contribution 
of infrastructure to GDP reproduction, increased 
in 2003–2009 from 0.03 to 0.74 and decreased in 
2009–2018 from 0.74 to 0.23 (Figure 3).

2. A decrease of 3.5 times (from 8 to 2.3) in 
the value of t-statistics of the coefficient for the 
infrastructure  during 2010–2018 indicates a 
weakening of the statistical significance of infra-
structure and, consequently, its impact on the 
expanded reproduction of Russia’s GDP.

One of the important factors indicating a 
decrease in the role of transport and commu-
nication infrastructure in the Russian economy 
since 2009 is a decrease in the weight (tonnage) 
of goods transported by all modes of transport in 
Russia in 2009–2018 (Figure 4). Thus, in 2003–
2008 tonnage increased from 8.8 to 9.5 billion 
tons, while in 2009 it fell to 7.5 billion tons, and 
even though in subsequent years 2010–2018 the 

Years
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weight of the transported goods began to grow, it 
could not even reach the 2003 level.

What are the reasons for the decline in the 
role and importance of infrastructure in the 
expanded reproduction of the Russian national 
economy in 2009–2018?

In our opinion, the main reason for this 
decline is the reduction in capital investments 

in the Russian transport and communication 
infrastructure.

Indeed, in 2003–2009 the average annual 
rise of physical volume of investments in fixed 
assets of the pure transport and communica-
tions sectors was 117.2%, and in 2010–2018 
it was only 99.4% (calculated by the authors 
based on the data in Figure 5).

Fig 3. Russian GDP elasticity to production infrastructure  for 2003–2018 (Table 1)

Fig. 4. Transportation of goods by all modes of transport in the Russian Federation in 2003–2018
Source: Rosstat (EMISS database)
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Thus, we see that today the transport and com-
munication infrastructure of the Russian econ-
omy needs significant capital investments aimed 
at its effective modernization and sustainable 
development. It will, in turn, contribute to the 
acceleration of growth and sustainable develop-
ment of the entire Russian national economy.

Meanwhile, since the beginning of 2020, the 
movement towards sustainable development 
and the acceleration of economic growth in 
both the Russian and world economies have 
been undermined by the wide spread of coro-
navirus disease 2019 (COVID-19), caused by 
the Wuhan coronavirus transmitted from per-
son to person. The Wuhan coronavirus [22, 23] 
is the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), which first appeared 
on the seafood market in the Chinese city of 
Wuhan in December 2019. Below we will use 
the term Wuhan coronavirus, which, along with 
the terms SARS-CoV-2, COVID-19, 2019-
nCoV, Wuhan seafood market pneumonia virus, 
is commonly used in scientific literature [22]. 
It is the original name of this novel coronavirus 

(proposed by Chinese researchers [22], includ-
ing the Chinese Academy of Sciences [23]) and 
it is understandable to a wider range of readers 
with no medical background.

In the absence of specific anti-coronavirus 
medications, an anti-coronavirus vaccine and 
(at the initial stage) a sufficient amount of per-
sonal protective equipment, the Wuhan coro-
navirus, which started (according to official 
data) to actively spread in Russia from the end 
of February 2020, led to losses among the pop-
ulation. It forced the Russian State authori-
ties to introduce, starting from March 2020, 
restrictions of varying severity on the movement 
of people, communication and the economic 
activities of enterprises and organizations. 
These restrictions, on the one hand, helped to 
slow the spread of the Wuhan coronavirus but, 
on the other hand, caused some damage to the 
Russian economy. In this respect, it seems rele-
vant to modify the macroeconomic production 
function of Russia, in regard to the Wuhan cor-
onavirus spread and the subsequent epidemic 
restrictions.

Fig. 5. Index of physical volume of investments in fixed assets for the full range  
of organizations for Russia’s pure transport and communications sectors in 2003–2018.  

Source: Rosstat (EMISS database) and authors’ calculations for 2017–2018
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Table 3.
Results of an econometric study for the quadratic exponential  
(Gaussian) function (2) of the daily number of people infected  

with the Wuhan coronavirus in Moscow and across Russia, spring 2020

№ Time  
period

Coefficients  
 -statistics

 

Daily infection 
peak forecast 

for 2020

Onset of zero (single) daily 
infection forecast for 2020

date 

number  
of 

infected, 
persons

date

total number  
of people infected since the 
beginning of the epidemic, 

thousand people

Moscow

1 12.03–11.04
–0.0025 

(–1.43)

0.2788

(5)

0.8896

(2.23)
0.88 2.70 6.05 5821 7.07 206.5

15 12.03–25.04
–0.0030

(–5)

0.2935

(11)

0.8158

(3)
0.93 2.68 29.04 3080 23.06 100.6

Russia

2 2.03–1.05
–0.0018

(–14)

0.2648 

(31)

0.3659

(2.79)
0.99 1.07 13.05 11618 28.07 484.9

Sources: [19–21] (numbering of functions is kept as in the original sources) 

4. Modification of the model  
in regard to the Wuhan coronavirus  

spread for 2020

One of the co-authors of this article offered 
and investigated by the least squares method 
an econometric model for the spring phase of 
the daily spread of Wuhan coronavirus cases in 
Russia (dated 10 May 2020 [20, 21]) and Mos-
cow (dated 26 April 2020 [19]): 

                                  , (2)

where y
T
 is the number of people infected with 

the Wuhan coronavirus per day; 

T is time (day); 

e is the base of natural logarithm.  

The results of the study are shown in Table 
3. The functions investigated in [19–21] pre-
dict the daily number of people infected from 2 
May 2020 to the end of July 2020 (Russia, Fig-
ures 6 and 7) and from 26 April 2020 to early 
July 2020 (Moscow, Figures 8 and 9).

As we can see in Figure 6, function 2 (Table 3) 
indicated the forecast date of the peak number 
of Russian citizens infected with the Wuhan 
coronavirus (13 May 2020, 11,618 people) two 
days after the actual peak (11 May 2020, 11,656 
people).

Function 1 (Table 3, Figure 8) predicted a 
peak in the number of infected Muscovites on 
6 May 2020 (5821 people), i.e. the day before 
the peak of the actual incidence on 7 May 
(6703 people), with an error in the number of 
infected citizens of Moscow equal to 13% (Fig-
ure 9). Functions (2) studied in [19–21] pre-
dicted the daily number of Russian citizens 
infected with the Wuhan coronavirus 30 days 
ahead, on 2–31 May 2020, with an arithme-
tic mean APE error of 10.4% (Figures 6 and 7, 
Table 3) and Moscow citizens for five weeks 
ahead, on 26 April – 1 May (function 15, Table 
3) and 2–29 May 2020 (function 1, Table 3), 
with an arithmetic mean APE error of 10% 
(Figures 8 and 9), where  

MODELING OF SOCIAL AND ECONOMIC SYSTEMS
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Fig. 6. Actual and forecasted values of the daily number of people infected  
with the Wuhan coronavirus in Russia for 2–31 May 2020 according to function (2) (Table 3)

Source: [19] and “стопкоронавирус.рф”
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 is number of days of the forecast period. 

A feature of the methodology of economet-
ric forecasting by function (2) is that the degree 
of accuracy and scientific validity of the fore-
cast, as well as confidence in it, depends not 
only on the correctly selected type of func-

tional dependence, but also on how many of 
the estimated functions are confirmed by the 
forecast. Thus, the degree of confidence in the 
forecast is higher if the same or close values   are 
predicted by a function estimated not over one 
time interval, but over several intervals. Indeed, 
all functions (2) for Russia (except one), esti-
mated in the time intervals from 2 March 2 to 
30 April – 10 May 2020, predict the same dates 
for the peak daily number of Russian citizens 

Actual Function 2 forecast

MODELING OF SOCIAL AND ECONOMIC SYSTEMS

Persons
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infected with the Wuhan coronavirus – 14 May 
2020. Only one of the functions (2), studied 
from 2 March to 1 May 2020, predicts reaching 
the peak the day before – 13 May 2020, which 
is very close to the actual peak date – 11 May 
2020 (Figure 10). In addition, all 11 functions 
predict very close (within 5% error) values of 
the peak daily cases in the range of 11.6–12.2 
thousand people, which are very close to the 
actual peak daily cases on 11 May – 11.7 thou-
sand people (Figure 11). 

In addition, all these functions indicated very 
close dates of attenuation (onset of zero val-
ues) of the Wuhan coronavirus spread: 28 July 
(5 functions) and 29 July 2020 (the remaining 6 
functions) (Figure 12). Despite the fact that the 
coronavirus in Russia was not defeated on these 
dates, there was a significant attenuation of its 
spread to 5.3–5.4 thousand people per day. It 
should be noted that significant discrepancies 
between the predicted and actual values of the 
daily number of Russia and Moscow citizens 
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Fig. 12. The predicted dates for the onset of zero (unit) values of the number of Russian citizens  
infected with the Wuhan coronavirus according to function (2) estimated  

from 2 March to 27 April – 10 May 2020. Source: [19]

Fig. 10. Actual and predicted dates of the peak number of Wuhan coronavirus-infected Russian citizens  
according to function (2) estimated from 2 March to 27 April – 10 May 2020. Source: [19]

Fig. 11. Actual and predicted peak number of Russian citizens infected with the Wuhan coronavirus  
according to function (2) estimated from 2 March to 27 April – 10 May 2020, persons Source: [19]
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infected with the Wuhan coronavirus, which 

appeared in the first days of June 2020, were 

caused by certain factors in mid-May – early 

June 2020: the weakening and subsequent can-

cellation of the strict isolation regime (length 

Function 4a (Table 4)

of which occupied the main part of the length 

of the time intervals for the function (2) econo-

metric estimation), the availability of free test-

ing for the Wuhan coronavirus and for the anti-

bodies (which brought an element of greater 

29000

27000

25000

23000

21000

19000

17000

15000

130000

Persons 

15
.1

0
16

.1
0

17
.1

0
18

.1
0

19
.1

0
20

.1
0

21
.1

0
22

.1
0

23
.1

0
24

.1
0

25
.1

0
26

.1
0

27
.1

0
28

.1
0

29
.1

0
30

.1
0

31
.1

0
01

.1
1

02
.1

1
03

.1
1

04
.1

1
05

.1
1

06
.1

1
07

.1
1

08
.1

1
09

.1
1

10
.1

1
11

.1
1

12
.1

1
13

.1
1

14
.1

1
15

.1
1

16
.1

1
17

.1
1

18
.1

1
19

.1
1

20
.1

1
21

.1
1

22
.1

1
23

.1
1

24
.1

1
25

.1
1

26
.1

1
27

.1
1

28
.1

1
29

.1
1

30
.1

1
01

.1
2

02
.1

2

15
32

5
   

   
 1

56
92

   
   

   
   

  1
60

51
 

   
   

   
   

   
   

  1
64

02
   

   
   

   
   

   
   

   
   

16
74

4
   

   
   

   
   

   
17

07
7

   
   

   
   

   
   

   
  1

73
98

   
   

   
   

   
   

   
   

   
  1

77
08

   
   

   
   

   
   

   
   

   
   

   
18

00
5

   
   

   
   

   
   

   
   

   
   

   
   

  1
82

89
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 1

85
59

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  1

88
14

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  1
90

53
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
19

27
6

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  1
94

82
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  1
96

71
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 1

98
42

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 1

99
94

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

20
12

8
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  2

02
42

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
20

33
6

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 2
04

11
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  2
04

65
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 2

04
98

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
20

51
2

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 2
05

05
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
20

47
7

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  2

04
29

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 2

03
61

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
20

27
2

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  2
01

64
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  2
00

37
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

19
89

0
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 1

97
25

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
19

54
1

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 1
93

40
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 1
91

22
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
18

88
7

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  1
86

37
   

   
   

   
   

   
   

   
   

   
   

   
   

18
37

2
   

   
   

   
   

   
   

   
   

   
   

  1
80

92
   

   
   

   
   

   
   

   
   

   
17

79
9

   
   

   
   

   
   

   
   

  1
74

93
   

   
   

   
   

   
  1

71
75

   
   

   
   

   
 1

68
46

   
   

   
 1

65
06

   
   

16
15

8

Fig. 13. Actual and forecasted values of the officially published daily number  
of people infected with the Wuhan coronavirus in Russia 

 for 15 October – 2 December 2020 according to functions 3a and 4a (Table 4)

Actual Function 3a (Table 4)
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randomness to the indicator of the daily num-
ber of Wuhan coronavirus infection).

Despite these considerations, it seems to 
us possible to use the above methodology for 
forecasting the fall-winter phase of the spread 
of the officially published (registered) cases of 
the Wuhan coronavirus in Russia. Indeed after 
some stabilization in August further statistics 
indicate an increase in cases of infection. First, 
we proceed with finding the pivot point (date) 
of growth which, as illustrated by the statistics, 
is 22 September 2020.

It should be noted that functions (2) in the 
time intervals from 22 September to 13–31 
October 2020 describe quite adequately from 
the point of view of classical econometric crite-
ria the fall dynamics of the officially published 
daily number of people infected with the Wuhan 
coronavirus in Russia. One of them is function 
4a, estimated from 22 September to 16 October: 
it is most accurately predicted from 17 October 
to 20 November 2020 (for 35 days ahead) with 
an average APE error of 6.5% (Table 4, Figures 
13 and 14). However, starting from 19 Novem-
ber the forecast errors of the 4a function begin to 
grow, and the actual values   from 19 November 
to 2 December 2020 are between the predicted 
values   of the 3a and 4a functions, approaching 
the predicted values   of the 3a function, the peak 
of which is expected on 22–23 November 2020 
with 26211 persons (Figures 13 and 14). The 
average APE forecast error for 19 November – 
2 December 2020 (14 days ahead) for function 
3a is 5.3%. Thus, functions 3a and 4a indicate a 
forecast corridor with the APE arithmetic mean 
error for 7 weeks, which does not exceed 7%.

Thus, function (2) can be used for further 
forecasting. According to this function fore-
casts (Table 4), the autumn–spring phase of the 
Wuhan coronavirus spread in Russia may reach 
its peak on 31 October – 10 November 2020 
(17.1–20.5 thousand people per day) and sub-
side by 4 March – 15 April 2021, when the total 
number of infected people reaches 2.2–2.6 mil-
lion (functions 4a–6a from Table 4, Figure 15).

Under the worst-case scenarios, the offi-
cially published peak could be reached 26–30 
thousand people per day on 23–30 November 
2020 and the epidemic will subside by 5–30 
May 2021 when a total number of infected will 
be equal to 3.4–3.9 million people (functions 
2a–3a from Table 4, Figure 15).

In the worst case scenario, the projected offi-
cially published peak population can reach 
38 thousand people per day on 11 December 
2020, and the spread of the second phase of the 
virus will stop on 29 June 2021 with the total 
number of infected 5 million people (function 
1o from Table 4, Figure 15).

It appears to us that the predicted values   of 
the daily number of Russian citizens infected 
with the Wuhan coronavirus can serve as an 
input parameter for a modified production 
function.

The spread of the Wuhan coronavirus in Rus-
sia reduced, first of all, the level of use of almost 
all production factors: fixed assets – due to the 
temporary closure of many enterprises and 
organizations from 25 March to 11 May 2020; 
labor – due to the forced isolation of some cit-
izens due to the coronavirus disease or close 
contacts with virus carriers; the transport part 
of the infrastructure – due to a decrease in the 
number of passenger flights, rail and sea trans-
port. The only factor of production, the use of 
which has sharply increased during the period 
of restrictive measures on coronavirus and the 
transition of most people to remote communi-
cation and work, is the communication part of 
the infrastructure.

Thus, the modified Russian macroeconomic 
production function in regard to Wuhan cor-
onavirus restrictions for 2020 looks as follows: 

where v
t  

is the average annual rate of labor 
capacity use for year t ; 

I
Tt 

 is the transport component of infrastruc-
ture for year t; 
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I
Ct 

 is the communication component of infra-
structure for year t; 

w
Tt 

 is average annual rate of infrastructure 
transport component capacity use for year t;

w
Ct

 is average annual rate of infrastructure 
communication component capacity use for 
year t. 

It is reasonable to assume that the aver-
age monthly rate of labor capacity use for the 
month  will represent some function F which 
is a function of strict isolation depending on 
the number of people with Wuhan coronavirus 
disease and persons in contact with them. All 
those persons are out of the labor force com-
pletely or partially due to temporal illness or 
quarantine. The function increases by the total 

Table 4.
Results of econometric study for the quadratic exponential (Gaussian) function (2)  

of the officially published daily number  
of Wuhan coronavirus-infected Russian citizens, fall 2020

№ Time  
period 

Coefficients  
 -statistics

Daily infection 
peak forecast  

for 2020 

Onset of zero (unit) daily infection 
forecast for 2021

  date

number  
of 

infected, 
persons

date

total number of people 
infected since the 

beginning of the epidemic,
million persons

1a 22.09–12.10
–0.0003  
(–1.75)

0.1613 
(2.32)

12.46
(1.66)

0.99 1.39 11.12 38362 29.06 5.0

2a 22.09–13.10
–0.0003  
(–2.37)

0.1848 
(3)

14.96
(2.26)

0.99 1.36 30.11 30191 30.05 3.9

3a 22.09–14.10
–0.0004  

(–3)
0.2040 

(4)
17.01
(2.90)

0.99 1.33
22.11
23.11

26211 5.05 3.4

4a 22.09–16.10
–0.0005  

(–4)
0.2540 

(5)
22.35

(4)
0.99 1.51 10.11 20512 5.04 2.6

5a 22.09–19.10
–0.0006  

(–7)
0.2803 

(8)
25.17

(6)
0.99 1.57 6.11 18892 23.03 2.4

6a 22.09–28.10
–0.0007  

(–15)
0.3350

(16)
31.12
(14)

0.99 1.56 31.10 17150 4.03 2.2

Source of statistical data for econometric research: Communication Center of the Russian Federation Government 
(стопкоронавирус.рф)

number of people infected with the Wuhan 
coronavirus per month : 

where  is the number of people infected with 
the Wuhan coronavirus per day T of the month 
; 

n is the number of days in the month .

The average monthly rate of the use of pro-
duction capacities (fixed assets)  for month 
 will be described by a piecewise linear func-

tion depending on the restrictions applied to 
the functioning of enterprises and organiza-
tions, which become more strict depending on 
the excess of the daily number of infected peo-
ple  of some epidemic thresholds and weakened 
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depending on the fall of this indicator below 
thresholds: 

 

where  are the epidemic thresholds of the 
daily number of people infected with the 
Wuhan coronavirus in accordance with the 
three stages of coronavirus restrictions in Rus-
sia introduced by Rospotrebnadzor (Russian 
Federal Service for Surveillance on Consumer 
Rights), i = 1, 2, 3. Moreover, z

0
 corresponds to 

the pre-coronavirus level of production capac-
ity use. It is obvious that z

0
 > z

1
 > z

2
 >z

3
, i.e. the 

function decreases with respect to the number 
of people infected with the Wuhan coronavirus 
and the values of epidemic thresholds.

The function of the average monthly rate 
capacity use of the transport component of the 
infrastructure  will have the same piecewise 

linear form; it will also decrease with respect to 
the number of infected people.

On the contrary, the function of the average 
monthly rate capacity use of the communica-
tion component of the infrastructure  will 
increase according to the number of people 
infected with the Wuhan coronavirus and epi-
demic thresholds: 

i.e. w
C0

 < w
C1

 < w
C2

 <w
C3

, where  are the epi-
demic thresholds of the daily number of people 
infected with the Wuhan coronavirus in accord-
ance with the 3 stages of coronavirus restric-
tions in Russia introduced by Rospotrebnadzor,  
i = 1, 2, 3.

Average annual values of factors capacity use 
rates are calculated as arithmetic mean of their 
monthly values: 

Fig. 15. Actual values (from 13 October to 2 December 2020) and forecasted values  
(for 13 October 2020 – 31 March 2021) of the officially published daily number of Russian citizens infected  

with the Wuhan coronavirus (Table 4)

Persons
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We should note that the role of the infra-
structure communication component w

Ct 
I

Ct
 

increases with the Wuhan coronavirus epi-
demic and the associated restrictive measures, 
which replaces, to a certain extent, the trans-
port component w

Tt 
I

Tt
.

Conclusion

We offer the econometric study of macroeco-
nomic production function of the Russian Fed-
eration with transport and communication infra-
structure (the fixed assets average annual value of 
the Russian transport and communications sec-
tors) for 1990–2018. Our research demonstrates 
that in 2010–2018 the GDP elasticity to produc-
tion infrastructure is decreasing. We explain it 
by the reduction in the volume of capital invest-
ments in infrastructure sectors’ fixed assets. 

In addition, we offer an analytical modifica-
tion of the macroeconomic production func-
tion for 2020 in the context of the spread of the 
Wuhan coronavirus among the Russian pop-
ulation. In was done by introducing into this 

function the average annual rates of labor and 
infrastructure capacity use, which, along with 
the average annual rate of fixed assets capacity 
use are functions of the predicted values of the 
daily number of the infected Russian citizens. 
We make econometric forecasts of the officially 
published daily number of infected Russian 
population for fall 2020 – spring 2021. These 
forecasts have been made on the basis of time-
dependent quadratic exponential (Gaussian) 
function estimated by least squares method.

We would like to emphasize that the modi-
fication of the Russian macroeconomic pro-
duction function in regard to the spread of the 
Wuhan coronavirus in 2020 was carried out in 
an analytical form. Its practical implementa-
tion, hindered at the moment by the lack of 
annual and, partly, of monthly statistical data 
for the current year, will be carried out at the 
next stage of our research. 
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